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PREFACE  TO  SECOND  EDITION. 


Phakmacolocic  research  has  been  active  in  the  time  which 
"has  elapsed  since  the  publication  of  the  first  edition  of  this 
volume,  and  has  added  many  details  to  our  knowledge,  and 
modified  many  of  our  conceptions.  These  additions  and  modi- 
fications are  so  dispersed  over  the  entire  subject-matter,  that  it 
seemed  advisable  to  not  only  revise,  but  to  practically  rewrite, 
the  book,  in  order  to  make  it  representative  of  the  present  status 
of  the  science.  Further  experience  has  also  shown  that  many 
subjects  could  be  profitably  condensed  or  expanded,  without  sac- 
rilicing  clearness  or  simplicity;  and  that  the  book  could  be 
made  more  useful  to  the  advanced  student,  and  for  reference, 
without  detriment  to  its  primary  object,  as  a  text-book  for  begin- 
ners. Several  new  features  have  been  introduced  for  this  pur- 
pose. 

Pharmacology  Proper:  The  general  arrangement  and  the 
pharmacologic  s>'stem  of  classification  are  practically  the  same 
as  those  of  the  first  edition.  The  i'new"  remedies  have  per- 
haps been  accorded  more  attention  than  is  justified  by  their  in- 
trinsic value :  but  their  introduction  seemed  desirable  for  purposes 
of  reference. 

Laboratory  Work:  This  has  been  entirely  remodeled.  The 
reception  accorded  to  the  short  Exercises  in  the  first  edition  has 
made  it  apparent  that  it  is  not  only  desirable,  but  quite  feasible, 
to  teach  pharmacology  largely  by  the  laboratory  method,  and  in- 
■deed,  to  make  this  the  basis,  rather  than  an  adjunct,  of  the  in- 
struction. The  course  has,  therefore,  been  considerably  en- 
larged, systematized,  and  provided  with  explanatory  notes,  so  as 
to  make  it  entirely  independent  from  the  text,  or  rather,  an  in- 
troduction to  the  latter,  as  illustrated  by  the  outlined  summaries, 
page  940.  The  plan  of  the  course  is  fully  explained  in  the 
prefatory  chapter,  page  771.  The  description  of  the  technic 
and  apparatu.=  has  also  been  elaborated,  for  the  guidance  of  the 
instructor  and  for  the  beginning  investigator.  It  is  hoped  that 
the  dose-tables  for  animals,  page  945,  will  be  a  welcome  addi- 

BihliographU  References:  A  text-book  can  only  summarize 
the  main  facts,  and  must  neglect  the  details.  This  treatment 
suffices  for  elementary  students;  but  advanced  workers,  who 
wish  to  delve  deeper  into  the  subject,  must  supplement  the  text 
by  the  original  literature.     The  selected  bibliography,  jjage  978, 
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PREFACE   TO   SE(X)M)    EDITION. 

is  intended  to  serve  as  guide  for  this  general  collateral  readings 
The  authority  for  specific  statements  of  the  text  is  indicatetS 
by  the  nanies  of  the  investigators ;  the  reference  to  the  paper 
may  be  found  in  the  alphabetic  bibliographic  register,  page  1029. 

A  complete  bibliography  is  neither  practical  nor  desirable  in  a 
work  of  this  character;  a  guide  to  the  literattire  is  all  that  can 
be  furnished.  For  this  reason,  the  emphasis  has  been  laid  on 
the  more  recent  papers,  which  give  citations  of  the  older  work. 
The  latter  has  only  been  quoted  directly,  in  addition  to  the 
later  work,  when  it  is  of  fundamental  importance.  I  have  tried, 
however,  to  include  all  the  more  important  papers  in  the  regis- 
ter, and  believe  that  the  alphabetical  arrangement  will  be  found 
convenient. 

Materia  Medua :  This  has  been  revised  to  conform  with  the 
eighth  ( 1905)  edition  of  the  United  States  Fhartnacopceia. 
The  physical  characters  of  the  drugs  can  only  be  studied  by  di- 
rect contact  \  the  other  data  are  mastered  most  easily  and 
thoroughly  by  requiring  the  student  to  collect,  arrange  and  tab- 
ulate ihem.  A  series  of  schedules  for  such  lessons,  eniphasizing 
the  more  important  drugs,  has,  therefore,  been  introduced  as. 
Appendix  A,  page  961, 

Pharmacy  and  Assaying  \a\^s\?ti3\xe'R  revised  in  conformity 
with  the  new  Pharmacapceia, 

General  Toxicology:  The  dataconceming  thesymptoms,  eti- 
ology, isolation  and  treatment  of  poisoning,  have  been  general- 
ized in  one  chapter  (page  79)  ;  the  symptoms  and  treatment 
being  given  in  detail  under  the  heading  of  each  drug,  as  in  the- 
first  edition. 

The  tables  of  molecular  formuke  ami  weights,  and  of  solubilities 
(at  ti"  C.)  (page  986),  as  also  of  the  average  dose  s\^%K\a'i\) 
are  based  on  the  revised  Pharmacopceia.  The  dose-table  made 
the  retention  of  the  doses  in  the  index  superfluous.  Other 
changes  in  the  index  have  been  made  with  the  object  of  con- 
venience. 

Illustrations :  A  considerable  number  of  new  cuts  of  tracings^ 
and  apparatus  have  been  added.  The-tracings  are  reproductions- 
of  actual  specimens ;  a  feik-  having  been  redran-n  and  condensed, 
to  economize  space.  The  list  on  page  13  may  be  found  conve- 
nient. 

Cleveiand,  OHia 
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PREFACE. 


One  of  the  achievements  of  the  latter  half  of  the  century  just 
closed  has  been  the  development  of  the  study  of  the  action  of 
drugs  along  lines  scarcely  dreamed  of  formerly.  This  has  been 
made  possible  mainly  by  recourse  to  animal  experimentation; 
by  methods  analogous  to  those  upon  which  the  modem  science 
of  physiology  is  built ;  by  replacing  accidental  observation  by 
well-directed  research.  Our  knowledge  has  thereby  been  placed 
on  a  footing  of  exactness,  without  which  the  application  of 
drugs  to  the  treatment  of  disease  could  only  be  empirical. 

The  ever-growing  importance  of  this  new  science  has  made 
necessary  a  revolution  in  the  methods  of  teaching  and  studying. 
To  understand  the  facts  furnished  by  experimentation,  to  appre- 
ciate the  course  of  reasoning  which  led  to  them,  to  give  their 
proper  value  to  new  observations,  the  attitude  of  the  student 
must  become  somewhat  that  of  the  original  investigator.  Dis- 
courses on  the  application  of  drugs  to  the  cure  of  disease  must 
be  supplemented  by  discourses  on  the  physiologic  action  of  the 
drugs,  on  reasons  for  these  actions,  and  on  the  experiments  upon 
which  the  stated  facts  are  based.  These  again  should  be  sup- 
ported by  demonstrations  or  laboratory  work,  if  possible.  A 
want  of  tjiis  acquaintance  with  experimental  methods  has  served 
to  delay  the  recognition  of  the  importance  of  pharmacology. 
It  has  also  hampered  the  more  intimate  relation  of  this  science 
with  applied  medicine— a  relation  which  could  not  fail  to  be  of 
the  greatest  benefit  to  both.  Nor  does  the  usefulness  of  phar- 
vaacology  stop  when  it  has  explained  the  action  of  drugs.  It 
has  placed  the  treatment  of  poisoning,  as  well  as  (hat  of  disease, 
upon  a  rational  basis.  It  has  thrown  light  upon  the  nature  of 
many  disea.ses  which  are  really  intoxications.  It  has  furnished 
the  other  sciences  with  methods  and  instruments  of  research.      . 

The  advantages  of  studying  therapeutics  in  the  light  of  phar- 
macology will  scarcely  need  further  recommendation.  However 
manifest  these  advantages  appear,  it  has  greatly  detracted  from 
them  that  the  facts  furnished  by  pharmacology  have  been  com- 
paratively inaccessible.  The  bare  statement  of  the  conclusions 
of  different  observers  is  of  use  only  if  the  underlying  experi- 
ments are  understood.  Extensive  textbooks  or  technical  jour- 
nalsareof  use  only  to  the  specialist.  Too  great  detail,  indefinite 
statement,  and  conflicting  theories  only  confuse  the  student. 
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To  treat  the  subject  apart  from  its  practical  application  makes 
this  application  difficult.  To  treat  it  as  an  adjunct  to  clinical 
therapeutics  deprives  it  of  the  logical  arrangement  which  con- 
stitutes one  of  its  chief  advantages.  The  two,  although  inter- 
dependent, are  best  separated  in  the  teaching.  The  former,  the 
clinical  application,  belongs  properly  to  the  practice  of  physic. 
On  the  other  hand,  the  subjects  of  pharmacognosy,  pharmacy, 
materia  me dica,  prescribing,  incompatibility,  toxicology,  etc., 
in  so  far  as  they  have  any  place  in  the  medical  curriculum, 
are  conveniently  taught  from  the  same  chair  as  pharmacology. 

My  aim  in  writing  this  volume  has  been  to  meet  these  objec- 
tions and  indications. 

I  have  attempted  to  give  all  the  important  pharmacologic 
facts.  To  facilitate  their  understanding  and  memorizing,  they 
have  been  arranged  in  a  systematic  and  logical  manner,  and 
the  detailed  account  of  the  actions  has  been  prefaced  by  a  very 
brief  summary.  To  bring  out  the  more  important  points, 
liberal  use  is  made  of  display  type,  rendering  it  possible  to  in- 
sert considerable  matter  intended  only  for  reference,  without 
making  the  book  unwieldy. 

The  experiments  and  reasoning  which  have  led  to  conclusions 
are  given  in  detail  whenever  necessary.  A  section  on  laboratory 
work  has  been  added,  giving  a  few  simple  experiments,  together 
with  suggestions  which  will  permit  of  making  them  much  more 
extensive.  These  require  but  little  apparatus,  and  no  difficulty 
will  be  experienced  in  introducing  them  in  schools  with  a  limited 
number  of  students.  With  larger  classes,  they  may  serve  as  a 
basis  for  demonstrations.  The  study  of  these  experiments,  even 
if  they  cannot  be  actually  performed,  will  serve  to  render  clear 
to  the  student  many  points  which  he  would  otherwise  find  it  dif- 
ficult to  comprehend;  their  description  should  therefore  form 
part  of  the  text-book. 

When  the  statements  of  different  observers  v-ary,  or  when 
several  theories  are  advanced,  stress  has  been  placed  on  those 
which  deserve  preference.  Others,  which  are  manifestly  erro- 
neous, have  ofien  been  omitted  entirely.  Wheneverit  has  been 
possible  to  give  a  theory  which  accounts  satisfactorily  for  a  num- 
ber of  feicts,  this  has  been  done. 

To  each  group  is  attached  a  short  section  treating  of  its  thera- 
peutic application.  This  is  further  made  prominent  by  numerous 
compilations  of  drugs  which  may  be  used  to  secure  a  given  re- 
sult ;  of  the  members,  manner  of  action,  and  indications  of  the 
older  therapeutic  groups;  and  by  a  number  of  summaries  giving 
the  treatment  of  common  pathologic  conditions.  These  sum- 
maries are  intended  rather  to  point  out  the  application  of  phar- 
macology to  practice,  leaving  the  detailed  treatment  of  thera- 
peutics to  text-books  on  physic.     Frequent  cross-references  are 
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introduced  to  avoid  repetition,  but  the  latter  is  practised  when 
it  has  seenied  advantageous. 

The  subject  of  materia  medica  is  a  vexatious  one  in  medical 
teaching,  from  the  difficulty  of  deciding  how  much  matter  should 
be  included.  This  is  still  more  true  of  a  text-book  intended  at 
once  for  study  and  for  reference.  1  have  aimed  to  limit  the  in- 
formation to  tliat  which  is  likely  to  be  of  actual  use  in  prescrib- 
ing. .  .  .  Unofficial  preparations  in  common  use,  or  pos- 
sessing advantageous  features,  have  been  freely  introduced, 
preference  being  given  to  those  of  the  "National  Formulary." 

The  subject  of  pharmacy  has  been  similarly  restricted.  Toxi- 
cology is  discussed  in  conjunction  with  the  pharmacology.  A 
superficial  knowledge  of  the  course  of  toxicologic  analysis  is 
essential  to  the  understanding  of  medicolegal  questions.  The 
identification  of  inorganic  poisons  receives  sufficient  treatment  in 
text-books  of  chemistry.  The  organic  poisons  are  generally 
omitted  in  these,  and  indeed  often  require  pharmacologic  expe- 
rience for  their  recognition.  A  very  brief  outline  of  this  subject 
has  been  given  in  a  special  chapter ;  similarly  with  pharmaceutic 
assaying. 

Cleveland,  Onia 
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PART  I. 

THE  PREPARATION  AND  PRESCRIBING 
OF  MEDICINES.— TOXICOLOGY. 

CHAPTER  I. 
A.  GENERAL  INTRODUCTION. 

The  term  Pliannacoloyy  is  used  in  a  general  sense  to  cover 
all  scientific  knowledge  pertaining  to  drugs,  i.  e.,  to  sub- 
stances which  may  be  used  in  the  treatment  of  disease. 
Materia  Medica,  Pharmacognosy,  and  Pharmacographta 
have  the  same  meaning  when  they  are  used  in  a  general 
sense. 

General  Pharmacology  may  be  divided  into  five  branches ; 
authors  differ  in  the  names  which  they  apply  to  these  sub- 
divisions. The  following  appear  to  be  the  most  suit- 
able for  medical  science: 

1.  Hateiia  Medica  (Pharmacographta),  deals  with  the 
commercial  and  natural  history  of  drugs ;  their  physical  and 
chemic  characters ;  gross  and  microscopic  anatomy ;  dosage. 
In  this  book,  the  term  will  also  include  the  pharmaceutic 
preparations  of  the  drugs.  The  term  Organic  Materia 
Medica  is  limited  to  the  drugs  derived  directly  from  the 
vegetable  or  animal  kingdom.  Pharmacognosy  generally 
signifies  the  anatomic  and  chemic  structure  of  crude  drugs. 

8.  Pharmacy —  The  science  and  art  of  preparing  drugs 
for  medical  use.  Includes  Metrology  (weights  and  meas- 
ures) ;  Manufacturing,  and  Dispensing. 

3.  Toxicology. —  Pharmacology  applied  to  the  study  of 
poisons;  their  detection,  effects,  and  treatment, 

4.  Phannacology  proper  (Physiologic  Pharmacology, 
Pharmacodynamics). —  Concerns  itself  with  the  reactions 
occurring  between  drugs  and  living  structures ;  often  re- 
stricted to  the  experimental  study  of  the  action  and  fate 
of  drugs  in   the  animal  organism.     (Pharmacodynamics 
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is  etymologically  the  most  suitable  term,  but  is  unwieldy). 

6.  Therapentioa. —  The  practical  application  of  Pharma- 
colc^y  and  other  sciences  to  the  treatment  of  disease. 

These  five  subdivisions  comprise  some  minor  branches, 
such  as:  Prescribing;  Incompatibility  and  SolubiUty;  Ad- 
ministration; Posology  (Doses),  etc. 

For  the  systematic  study  of  pharmacology,  tt  is  convenient  to  begin 
with  pharmacognosy,  pharmacy,  and  other  preparatory  subjects.  In  the 
study  of  pharmacodynamics,  one  may  begin  cither  with  the  drugs  which 
act  after  absorption  (Chapter  VIII),  or  with  those  which  act  locally, 
wherever  they  are  applied  (Chapter  XXVIII).  The  former  is  the 
more  satisfactory  if  the  entire  course  is  to  be  finished  within  one  year, 
and  if  the  student  has  completed  the  study  of  physiology.  Otherwise, 
It  is  advisable  to  omit  Chapters  VIII  to  XXVII  until  the  other  work  is 
concluded. 

B.  ELEMENTS  OF  PHARMACOGNOSY. 

Pharmacognosy  is  that  branch  of  science  which  treats 
of  the  structure  and  chemic  character  of  drugs. 

The  crude  organic  drugs  which  form  a  lar^e  part  of  the 
materia  medica  are  principally  derived  from  the  vegetable 
kingdom.  All  the  different  parts  of  a  plant  are  employed. 
The  active  principle  is  often  diffused  throughout  the  plant, 
but  is  generally  more  abundant  in  one  particular  part, 
which  is  then  used. 

I.  GROSS  ANATOMY  OF  PLANTS.^ 

1.  TTndeivroiiBd  Portioiu  of  the  Plant — Root  (radix): 
that  part,  generally  devoid  of  chlorophyl  {green  coloring- 
matter),  which  has  not  the  power  of  producing  leaves. 
Roots  possess  a  bark,  which  is  sometimes  employed  sepa- 
rately {sassafras,  euonymus).  If  the  underground  portion 
does  produce  leaves,  it  is  called  rhizome  frhisoma).  If 
part  of  the  root  serves  for  the  accumulation  of  reserve  food 
material,  it  becomes  greatly  thickened  and  is  then  called 
tuber.^  If  this  accumulation  takes  place  in  the  root-leaves, 
it  forms  a  bulb  fbutbus).^  The  lowest  part  of  the  stem  of 
the  plant  is  often  thickened,  and  is  then  called  corm  (cor- 
mus).* 

2.  Portioiu  Above  Oroond —  When  the  whole  plant,  with 
the  exception  of  the  root,  is  used,  it  is  termed  herb  {herba 
or  species).  This  consists  of  stems,  leaves,  and  often 
flowers  or  fruits. 

■  Conauh    Enrciie    i.  '  Potalo.  'Onion.  '  Colchicuni. 
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Stem. —  With  herby  plants  this  is  called  stipes;  with 
larger  plants  it  is  transfonned  into  wood  (lignum)  and  is 
covered  with  bark  (cortex).  The  outer  (epidermal)  lay- 
ers of  the  older  baj"k  are  always  corky.  Inside  of  this  a 
secondary  bark  develops  (liber). 

The  leaves  (folia)  may  consist  of  a  leaf-stem  (pettolus) 
and  the  blade  (lamina). 

The  shape  of  the  leaves,  the  distribution  of  their  veins,  and  the  char- 
acter of  the  edges  are  often  of  importance  in  distinguishing  them. 
The  Sower  (floJ)  must  be  considered  as  a  special  modification  of  the 


leaves.  It  consists  of  the  (usually  green)  calyx  <parts  =  sei)als 
the  (usually  colored)  corolla  (parts ^petals)  and  of  the  less 
spicuous  male  and  female  elements  (stamens  and  pistil).  The  former 
bear  the  fertilizing  element  in  th«  form  of  granules  (pollen).  The 
pistil  consists  of  the  ovary,  which  develops  the  seed,  and  the  style  and 
stigma,  which  serve  to  receive  the  pollen.  The  calyx,  corolla,  and  pistil 
or  stamina  may  be  wanting. 

After  fertilization  the  ovary  develops  into  the  fruit  (fruc- 
tus)  ;  this  may  also  involve  neighboring  parts,  especially 
the  top  of  the  stem,  as  in  the  apple,  strawberry,  etc. 

The  fruit  consists  of  the  outer  portion,  pericarp,  and  the 
seed  (semen).  The  latter  contains  the  embryo  and  nutri- 
tive material.     It  is  protected  by  a  more  or  less  hard  shell. 

When  the  embryo  beigns  to  develop  it  differentiates  into 
a  rootlet,  and  a  fleshy  portion,  cotyledon,  which  will  form 
stem  and  leaves. 

Certain  organic  drugs  consist  of  the  coagulated  juices  of 
the  plant,  and  do  not  show  any  structure. 

II.  CHEMISTRY  OF  PLANTS.^ 

The  elementary,  or  ultimate,  constituents  of  plants  are  mainljr 
C,  H,  O,  and  N ;  the  chemical  compounds  formed  from  these,  are  called 
the  proximate  principles  or  constituents  of  the  plant  These  belong  to 
the  chemical  groups  of  proteids,  fats,  carbohydrates,  tannins,  resins, 
^kaloids,  glucosids,  acids,  terpenes,  etc.  The  chemical  structure  of  the 
plant  constituents  is  in  most  cases  but  partly  understood.  Plants  also 
contain  various  inorganic  salts. 

Plants,  like  animals,  consist  of  cells.  These  determine  to  a  large  ex- 
tent not  only  the  physical  character,  but  also  the  chemic  composition,  of 
the  drug. 

1.  The  cell-contents  (which  contain  the  nucleus)  consist 
of  protoplasm.  This  may  present  various  gnumlar  en- 
dontret  consisting  of  proteids  (aleuron),  starch,  fat,  and 


*  Contull  Exerdw  3. 
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mineral  salts  (especially  calcium  oxalate).     They  may  be 
amorphous  or  crystalline. 

Allied  to  the  proteid  enclosures  are  the  chlorophyl  gran- 
ules. 

These  consist  of  a  colorless,  spongy,  proteid  groundwork,  containing 
in  its  meshes  the  chlorophyl  pigment.  The  latter  consists  really  of  a 
mixture  of  green  and  yellow  colors  (chlorophyl  and  xanthophyl).' 

These  chlorophyl  granules  are  found  mainly  in  the  higher 
plants,  and  serve  in  the  presence  of  light  to  assimilate  COj, 
and  consequently  to  form  starch,  etc.  The  chlorophyl  is 
insoluble  in  water,  but  soluble  in  alcohol,  ether,  etc.  Dur- 
ing the  process  of  drying,  especially  if  this  occurs  slowly, 
the  pigment  is  acted  on  by  acids,  etc.,  developed  under 
these  conditions,  and  undergoes  various  changes,  usually 
becoming  brown. 

Other  portions  of  the  plant  may  also  contain  coloring' 
matter  of  various  nature.  (See  Exercise  3).  These  pro- 
duce the  brown,  etc.,  color  of  the  fluid  preparations. 

The  fat  seems  to  be  deposited  and  formed  much  as  it  is  in 
animals ;  i,  e.,  by  the  transformation  of  the  protoplasm. 

Fat  and  fixed  oils  are  compounds  of  fatty  acids  and  gly- 
cerin.    The  most  important  are: 

Fatty  Acids:  Fats: 

Palmitic.  C..H„0,  )  I  Palmitin.   GH.(C,.H„0.).. 

Margaric.  C„H«0,  \  (=  CnH,nO0    Margarin,  C,H,(C„H.O,)^ 
Stearic.     C,.H„0,  |  J  etc. 

Oleic,  C..H«0,.  (Glycerin  =  C,H.(OH),). 

They  are  greasy  liquids  or  soft  solids ;  when  heated,  they 
undergo  decomposition,  denoted  by  acrid  vapors.  They 
are  insoluble  in  water  or  glycerin,  sparingly  soluble  in 
alcohol,  and  freely  soluble  in  ether,  chloroform,  benzin,  car- 
bon disulphid,  petroleum,  ether,  turpentine,  etc.,  (fat  sol- 
vents) . 

Fat  may  be  seen  in  the  cells  either  as  drops  or  as  crys- 
tals. The  fat  is  most  abundant  in  seeds,  and  may  form 
more  than  half  of  their  weight. 

Starch  (C„H,oOo)n  is  produced  as  one  of  the  first  stages 
in  the  assimilation  of  COj.  It  occurs  in  the  form  of  gran- 
ules, usually  showing  a  laminated  structure  around  a  center 


.dbyCoogle 


CHEMISTRY   OF   PLANTS.  21 

(hilus).  The  character  of  this  lamination,  as  well  as  the 
average  shape  and  size  of  the  granules,  are  important  in 
distinguishing  between  different  plants  (Fig.   l). 

Starch  can  be  easily  recognized  by  the  blue  color  which 
it  gives  with  lodin.  It  is  insoluble  in  all  the  ordinary  sol- 
vents, but  with  boiling  water,  swells  and  forms  a  peculiar 
mixture  (paste). 

2.  Besides  these  solid  enclosures,  the  protoplasm  may 
contain  a  large  number  of  tnbBtances  in  solation.  These 
may,  however,  also  occur  as  precipitates  under  special  con- 
ditions.    In  dried  plants  they  occur,  of  course,  as  solids. 

Tatmins. —  Under  this  name  is  comprised  an  ill-defined 
class  of  substances,  derivatives  of  benzol,  distinguished  by 
giving  a  bluish  or  greenish  color  with  ferric  salts.  The 
greater  number  also  form  insoluble  compounds  with  other 
metallic  salts,  with  alkaloid,  proteids,  etc.  This  precipita- 
tion leads  to  an  astringent  action. 

The  tannins  have  recently  been  classified  by  their  chemic  composi' 
tioa.    More  convenient  is  the  older  classification  into: 

1.  Physiologic  Tannins. —  Occurring  in  normal  plant  tissues;  giving 
a  green  color  with  iron ;  yielding  pyrocatechin  on  dry  distillation. 
Most  of  these  tannins  form  with  connective  tissue  an  extremely  in- 
soluble and  impermeable  compound,  and  are  therefor  used  in  tanning. 

2.  Pathologic  Tannins. —  Occurring  in  pathologic  tissues  (galls) ; 
giving  a  blue  color  with  iron  (changed  to  green  by  acid)  ;  yielding 
pyrogallol  on  dry  distillation ;  unsuited  for  tanning.  Certain  tannins 
are  glucosids  (e.  g.,  calfeotannic  acids) ;  others  are  not  (e.  g.,  ihe  ordi- 
nary (gallo-)  tannic  acid).    The  latter  is  the  anhydrid  of  gallic  acid. 

3      C.H,/  -H,0=C.,H,,0,. 

L  ^(OH),J 

Gallic  acid.  Tannin. 

Tannins  are  soluble  in  water  and  in  alcohol ;  but  since  they  form  in- 
soluble compounds  with  so  many  substances,  they  often  occur  in  plants 
in  granular  form. 

Tannins  are  easily  decomposed  into  resin-like  bodies  called  phloba- 
phenes.  These  exist  naturally  in  plants,  but  are  usually  found  as  ar- 
tificial decomposition  products  in  all  extracts.  They  are  dark-colored, 
soluble  in  alcohol  and  in  alkaline  liquids,  insoluble  in  water. 

Tannins  and  phlobaphenes,  as  well  as  most  other  plant  constituents, 
are  easily  converted  into  a  group  of  substances  called  humins.  These 
do  not  exist  in  living  tissues,  and  arise  on  the  death  of  the  cells,  by 
the  action  of  air  and  moisture.  They  cause  the  brown  color  which 
plants  assume  on  drying;  they  are  also  present  in  the  brown  bark. 

Tannins,  phlobaphenes,  and  humins  form  a  series,  without  sharp  de- 
marcation. They  are  not  subject  to  the  action  of  bacteria,  and  in 
this  way  protect  plants  against  putrefaction. 
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Fig;  1.^  MicrtDCOpic  appearance  of  diffcrenl  ttardic*  (uniforra  nuKnifica- 
tioa)  (Noel):  i.  ArTowtool:  a.  raw  Upioca;  j,  upioca;  4.  pouio;  s.  Eilanni 
6,    Eul    Indian    aiTDwroat:    7.    lagoi    8,    beans;    9,    rye:    lo,    wheal;    11.    barlcf; 
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Proteids. —  All  the  different  classes  are  represented. 
Th^  may  be  characterized  by  the  biuret  or  Millon's  reac- 
tions. 

Sugar. —  The  various  forms  of  sugars  enjoy  a  wide  dis- 
tribution in  the  vegetable  kingdom,  and  occur  as  cane- 
sugar,  dextrose,  levulose,  and  others.  Some  of  these  re- 
duce copper  in  alkaline  solution;  others  do  so  only  after 
inversion.  All  turn  the  plane  of  polarized  light.  They 
are  soluble  in  water;  much  less  so  in  alcohol.  The  most 
important  types  are : 

Glucose  (Dextrose  and  Levulose),  CflHuOa;  Maltose 
and  Saccharose,  CuHjaOn  ;  Matmite  C^HnOg. 

The  other  soluble  carbohydrates  of  plants  have,  for  the 
most  part,  the  same  empiric  formula  as  starch  (CeHioOj). 
The  most  important  are  the  gums,  which  give  slimy  solu- 
tions with  water,  and  are  insoluble  in  alcohol.  Pectins  are 
closely  related  substances,  occurring  in  fruits,  and  causing 
the  boiled  fruits  to  set  into  jelly.  Gums  and  pectins  do  not 
color  with  iodin;  they  reduce  copper  only  after  inversion. 

Resins  are  compounds  of  uncertain  compositions,  non- 
volatile, soluble  in  alcohol,  etc.,  insoluble  in  water  and  in 
petroleum  ether.  They  are  contained  in  special  vessels, 
from  which  they  are  usually  obtained  as  exudations  after 
incising  the  plant.  When  they  occur  mixed  with  essential 
oils,  they  are  natural  oleoresins;  when  mixed  with  gums, 
gum-resins.  If  they  contain  aromatic  acids  (cinnamomic, 
benzoic,  etc.,  or  essential  oils),  they  are  called  balsams. 

Essential  Oils  (Volatile  Oils)  are  odorous  principles,  of 
the  physical  characters  of  fatty  oils,  from  which  they  differ 
by  being  volatile  and  soluble  in  alcohol.  They  are  re- 
sponsible for  the  odor  of  plants. 

Chemically  they  belong  to  various  groups,  but  the  greater  number 
are  derived  from  turpentine  (CuHu),  and  its  polymers,  diHii,  C*Mu. 
etc.  These  constitute  the  part  (eleoplene)  of  the  oils  which  remains 
fluid  on  cooling;  the  solid  portion  (stereoptene)  consists  generally  of 
oxidation  products  of  the  atwve  (CkHiiO  to  CioHkO).  A  few  oils  also 
contain  sulphur  or  nitrogen.  The  majority  of  oils  are  mixtures;  some 
have  the  characteTS  of  esters,  some  of  aldehydes,  acids,  alcohols,  etc. 

Alkaloids. —  These  comprise  many  of  the  most  active  and 
important  plant  constituents.  They  may  be  defined  as 
natural  nitrogenous  oi^nic  bases;  t.  e.,  they  are  organic 
substances,  containing  nitrogen,  of  basic  character,  com- 
bining with  acids  without  the  elimination   of  hydrogen. 
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forming  well-defined  and  usually  crystalline  salts.  The 
salts  with  halogens  are  called  hydrochlorids,  hydrobromids, 
etc.,  (not  chlorids,  etc.). 

Some  alkaloids  contain  oxygen,  others  do  not.  Those 
containing  oxygen  are  solid  and  comparatively  non-volatile, 
whereas  those  free  from  oxygen  {nicotin  and  coniin)  are 
liquid  and  volatile. 

All  alkaloids  have  certain  properties  in  common:  They 
have  a  bitter  taste,  turn  red  litmus  paper  blue,  have  a  very 
profound  physiologic  action,  and  leave  no  postmortem 
changes.  They  are  soluble  in  ether,  chloroform,  and  oils, 
much  less  soluble  in  alcohol,  and  comparatively  insoluble  in 
water.  Alkaloidal  salts,  on  the  other  hand,  have  just  the 
opposite  solubility:  They  are  soluble  in  water  and  alcohol, 
insoluble  in  chloroform  and  ether.  With  the  alkaloidal 
salts,  the  combined  acid  plays  a  prominent  role  in  the  solu- 
bility. 

Alkaloidal  salts  present  the  following  chemic  reactions 
in  common: 

1.  The  reaction  for  nitrogen. 

2.  They  give  precipitates  with :  Compouttd  solution  of  iodin. 
mercuric-potassic  iodid  (Maj^er's  reagent);  phosphomolybdic  acid; 
picric  acid :  gold  chiorid,  platinic  chlorid,  etc.  Many  also  precipitate 
mercuric  chlorid,  potassium  bichromate,  tannin,  etc, 

3.  Manj'  give  color  reactions  with  concentrated  acids,  with  or  without 
the  addition  of  oxidizing  or  reducing  agents. 

The  chemic  constitution  of  alkaloids  is  not  fully  understood,  but 
the  greater  number  are  built  up  from  pyridin,  quinolin,  or  pyrrol.  The 
formula  of  nicotin  may  serve  to  illustrate  their  complicated  structure. 
Tbe  elementary  composition  of  the  important  alkaloids  will  be  found 
in  the  appendix. 

H, 

HjC-— —CH, 


H,C/\CH — Hcl       JcH, 
H.C^CH,  CH. 


The  discovery  of  the  alkaloids  is  an  achievement  of  the  19th  century. 
(Morphin.  by  Scrtuerner,  1805  to  181?;  Strychnin,  1818;  Quinin  and 
Caffein,  1820;  Nicotin,  1829:  Alropin,  1833-) 

Occurrence. —  Only  a  few  alkaloids  occur  in  the  animal  kingdom, 
the  most  important  example  being  epinephrin,  the  active  principle  of 
the  suprarenal  gland.  Alkaloidal  prmciples  are  also  formed  by  the 
action  of  bacteria,  and  are  called  ptomains.    Amongst  the  higher  plants 
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the  occurrence  of  alkaloids  is  very  common,  the  same  plant  containing 
usually  several  alkaloids,  which  are  formed  from  one  another.  They 
are  often  found  in  all  parts  of  the  plants,  but  sometimes  they  are 
strictly  localized  in  certain  portions.  Amongst  seeds,  e.  g.,  in  aconite, 
in  the  central  part :  in  physostigma  in  the  cotyledons ;  in  datura,  hyosey- 
amus  and  atropa,  in  the  layer  beneath  the  epidermis;  in  nux  vomica, 
both  stiychnin  and  brucin  occur  in  the  endosperm,  brucin  alone  in  the 
embryo. 

Not  all  active  vegetable  principles  are  alkaloids.  A  large 
number  have  neither  acid  nor  basic  characters.  These  are 
called  Neutral  Principles.  If  these  possess  a  markedly  bit- 
ter taste,  and  are  not  very  poisonous,  they  are  termed  Bit- 
ter Principles. 

Glucosids  are  those  principles  which,  subjected  to  the 
action  of  ferments  or  of  acids,  yield  glucose  as  one  of  their 
decomposition  products.  Many  do  not  contain  nitrogen. 
Most  glucosids  are  neutral,  but  a  few  are  alkaloidal. 

Saponins  and  Sapotoxins  are  neutral,  non-nitrogenous 
bodies  distinguished  by  foaming  with  waters,  emulsifying 
oils,  and  laking  red  blood  corpuscles.  Many  have  the 
formula  CnHaB-gOio-     Some  are  glucosids. 

Resinoids  are  principles  soluble  in  alcohol  and  insoluble 
in  water.  They  are  generally  mixtures,  often  containing 
true  resins. 

Whatever  principle  determines  the  physiologic  action  of 
a  drug  is  termed  its  Active  Principle. 

The  juice  of  the  plant  contains  dissolved  in  it  a  large 
number  of  organic  compounds,  such  as  alcohols,  aldehyds, 
ethers,  acids,  aromatic  bodies,  etc. 

Plants  almost  always  contain  coloring-matter,  the  chemic 
nature  of  which  is  often  not  known. 

They  also  contain  a  fair  amount  of  mineral  salts,  which 
remain  as  ashes  when  the  plants  are  incinerated ;  these  salts 
seem  to  be  combined  lai^ely  with  the  protoplasm,  and  exist 
partly  dissolved,  partly  as  crystals.  Growing  tissues  are 
always  richer  in  salts  than  those  fully  developed. 

By  extractive  matter  is  meant  the  smeary  mass  of  un- 
known composition  which  remains  after  evaporating  any 
extract  from  which  the  important  constituents  have  been 
removed. 

Influence  of  the  Time  of  Collection  on  the  Constitution  of 
Planta. —  This  factor  is  often  very  important.  For  instance,  the  ac- 
tivity of  the  leaves  of  digitalis  and  hyoscyamtts  is  much  greater  in  the 
second  year  of  the  plant  than  in  the  first.    The  unsprouted  seed  of 
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strammcmiuin  contains  fifteen  times  as  much  alkaloid  as  the  sprouted 
seed ;  even  the  time  of  the  day  may  make  some  difference,  the  leaves 
of  the  cinchona  tree  containing  more  alkaloid  on  bright  days  than  on 
cloudy  days  or  during  the  night.  The  best  time  for  collection  must 
be  ascertained  in  each  case,  but  as  a  general  rule,  roots  are  best  gath- 
ered after  the  maturity  of  the  plant;  barks  as  soon  as  possible  after 
they  peel  in  the  spring;  flowers  when  they  first  open;  seeds,  leaves  and 
herbs,  just  before  they  mature. 

Certain  important  changes  occur  on  drying  and  atorlng.  These 
often  cause  deterioration  (Ergot,  Indian  Hemp).  On  the  other  hand, 
ihey  may  be  necessary  to  develop  the  therapeutic  principle  (Cascara, 
Podophyllum). 

III.  HISTOLOGY  OF  THE  CELL.> 
The  form  and  arrangement  of  the  cell  walls  determine 
the  histology  of  the  plant. 

1.  This  cell  wall  consists  originally  of  cellulose.  This 
cellulose  is  chemically  an  isomer  of  starch,  having  the  ele- 
mentary formula  (CeH,oOe)iii.  It  is  insoluble  in  all  the 
ordinary  solvents,  and  is  not  affected  by  boiling  water.  It 
dissolves  without  change  in  Schweitzer^s  reagent  (am- 
moniated  solution  of  copper  sulphate).  In  older  cells  it  is 
often  modified  by  the  introduction  of  allied  molecules: 
wood  (lignin)  or  cork  (suberin).  The  cellulose  may  also 
undergo  a  retrograde  metamorphosis  into  gum  or  pectin. 

A  means  of  distinguishing  between  these  compounds  is 
the  action  of  iodin  after  concentrated  sulphuric  acid :  the 
tissue  is  treated  with  a  drop  of  concentrated  H2SO4, 
washed,  and  then  placed  in  iodin  solution;  this  will  give  a 
blue  color  to  cellulose,  but  not  to  lignin  or  cork.  Cellulose 
does  not  easily  take  up  pigments,  lignin  does.  Cork  is  very 
resistant  to  reagents  and  impermeable  to  water,  and  hence 
protects  the  plant  against  evaporation  and  chemic  injury. 

Under  certain  conditions  cellulose  seems  to  be  converted 
into  gum  or  pectins.  This  transformation  may  also  involve 
the  cell  content.  It  occurs  to  some  extent  normally  in  cer- 
tain tissues,  but  may  become  extremely  abundant  as  the 
result  of  a  pathologic  process.  The  chemistry  of  these 
gummy  substances  is  but  imperfectly  understood,  but  they 
belong  to  the  carbohydrate  group. 

2.  Forms  of  the  Cell —  The  eel!  may  increase  in  size  and 
'  in  thickness,  and  assumes  varying  forms.     The  growth  in 

thickness  may  remain  confined  to  the  walls,  so  that  the 
lumen  may  be  almost  abolished.  In  either  case  it  may  not 
be  uniform  over  the  whole  surface  of  the  wall,  and  in  this 
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way  depressions  (pits)  or  elevations  may  be  formed.  The 
latter  may  assume  various  shapes,  and  occur  as  spirals, 
net-work,  etc.   (Figs.  2  and  3). 

If  the  cell  wall  becomes  very  thick  and  the  lumen  corre- 
spondingly small,  the  result  is  a  stone  cell  (Fig.  4). 

3*  The  two  ground  forms  of  vegetable  cells  are ; 

Parenchyma  (Fig.  5,  and  Fig.  6,  b)  :  Thin-walled  cells 
of  nearly  equal  diameters,  rich  in  protoplasm,  constituting 
the  soft  tissues. 

Prosenchyma  (Fig.  8):  Thick-walled  cells,  lengthened, 
poor  in  protoplasm,  foimd  in  all  hard  tissues. 


cell     tiojn     tquilli 


IV.  THE  TISSUES. 
The  cells  are  united  into  tissues,  which  may  be  classified, 
according  to  structure  and  functions,  into : 
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1.  Dermal:  for  external  protection. 

2.  Supporting:  to  give  solidity. 

3.  Assimilation:  for  assimilation  of  CO^. 

4.  Conduction:  for  the  conveyance  of  juices. 

5.  Storage:  for  accumulation  of  reserve  stock  of  water 
and  nutritive  material. 

6.  Aeration:  for  the  conveyance  of  air. 

7.  Glandular:  For  the  elaboration  and  storage  of  secre- 
tions. 

1.  Dermal  TisBsci. —  The  epidermis  (Fig.  6,  a)  consists, 
in  the  higher  plants, 
,  of  one  or  more  lay- 

ers of  flattened  cells, 
generally  possessing 
thickened  walls,  and 
covered  by  a  struc- 
tureless resistant 
membrane,  cuticle. 

The  epidermic 
cells  may  be  trans- 
formed   into    hairs 

Fie.    6.— Ftnitshell    of    colocrnth:    a.    Epi-         ffri^hnmata  ^       CPio- 
dermis;   b,  pirenchyma;  c.  Bckrenchyma  (Fliick.         (tncnomaiaj       (.Tig- 

iger  .nd  TBchirch).  -,j     Thcsft  may  take 

on  glandular  functions   (elaboration  of  the  essential  oils, 


Tschirch). 

resins,  or  gums)  ;  or  they  may  be  transformed  into  spines; 
but  the  latter  generally  contain  wood  also. 
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This  epidermis  is  the  only  covering  of  delicate  plants; 
with  the  larger  species  it  becomes  insufficient.  In  these  it 
is  reinforced  by  the  development  beneath  it  of  the  periderm, 
which  consists  of  cork  cells.  These  are  also  flattened, 
thick-walled  cells ;  they  contain  air  and  no  protoplasm. 

2.  Supporting  Tiuuei. —  In  younger  tissues  this  function 
is  home  by  polygonal  cells  (coUenchyma)  with  rather 
thick  walls  and  containing  protoplasm.  In  fully  developed 
plants  this  is  replaced  by  bast  cells  (scleroids)  (Fig.  8); 
«.  e.,  long  cells,  similar  to  stone  cells,  with  very  thick  walls 
and  small  lumen,  containing  air.  They  are  variously  ar- 
ranged, occurring  either  isolated  or  combined  into  definite 
structures. 

3.  Auimilatioa  TiwneB  (for  COa). —  These  consist  of  the 
cells  containing  chlo- 

rophyl.  Since  assimi- 
lation of  carbon  oct 
curs  only  in  the  pres- 
ence of  light,  such 
cells  are  only  found 
on  exposed  portions, 
especially  in  the 
leaves,  and  here  on 
that  side  of  the  leaves 
turned  toward  the 
sky.  The  cells  are  of 
the  parenchyma  type, 
and  are  rich  in  proto- 
plasm in  which  chlo- 
rophyl  granules  are  , 
embedded.  The  celts 
are  usually  arranged 
in  palisade  form.  „  _  ,■      .t,      >,   at,  ^ 

;      _       ,       . .  _  Fig.     q, —  Transverse    section     through    fibro- 

4.    Condnctll^       SyS-   vucular  bundle  of  inaiic  stem:  a.  ExIeHor;  i,.in- 

*eia. The       leaf-ribs,   l'Ss''f1s:''V.*""i''eil    v'skIs?  ""fntfrwlhilM    'fefi; 

Stems,  and  roots  of  '■  ""^  ""'•  "'  '''"°""  ^^'"'"'■ 
plants  are  traversed  by  long  fibrous  structures,  the  Hbro- 
vascular  bundles  (Fig.  9).  These  consist  of  a  number  of 
conducting  elements,  surrounded  and  supported  by  bast 
cells.  The  former  consists  of  several  structures  which  may 
not  all  be  present  in  the  same  bundle.     These  are : 

(a)  The  vessels  proper.  These  are  long  tubes,  formed 
through  the  disappearance  of  the  separating  wall  of  ad- 
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joining  cells.  The  walls  of  these  tubes  show  various  thick- 
enings, which  serve  to  classify  them  into  ringed,  spiral,  lad- 
der, etc.,  vessels.     {Fig.  9,  r,  s,  g.) 

(&)  The  tracheids  (wood  cells).  Each  tube  consists  of 
a  single  long  cell  with  rather  heavy  walls.  These  two  sets 
of  vessels  serve  for  the  conduction  of  water.     (Fig,  9,  x). 

(c)  Wood  parenchyma  (phloem).  Short,  thin-walled, 
protoplasmic  cells,  serving  for  the  conduction  and  storage 
of  carbohydrates.     (Fig.  9,  v.) 

The  wood  {lignum)  consists  of  these  three  elements,  and 
of  bast  cells;  all  these  are,  on  the  whole,  arranged  in  the 
long  axis  of  the  stem,  but  are  traversed  radially  by  rows 
of  parenchyma  cells  (medullary  rays).  The  youngest  lay- 
er of  the  wood  in  dicotyledenous  plants  is  the  cambium, 
consisting  of  flat  parenchyma  cells. 


Fig.    10. —  J,    Lacteal    veuelii    o.    calcium    oni1>lc    cryiUls;    p,    vascnlar    bundle* 

(huckiger  and  TicWrch). 

(rf)  Another  element  of  the  fibrovascular  bundles  is 
formed  of  the  sieve  lubes,  very  long  cells,  whose  walls  are 
formed  by  delicate  membranes  pierced  with  holes.  They 
serve  for  the  conduction  of  the  albuminous  elements. 

6.  Storage  Syatem. —  Arrangements  for  the  storage  of  re- 
serve food  material  exist  in  the  most  varied  organs.  These 
reserve  foods  consist  usually  of  solid  and  sparingly  soluble 
substances :  starch,  fat,  proteids,  etc.  Water  is  also  stored. 
The  storage  takes  place  in  the  bodies  of  the  cells  forming 
these  structures. 

6.  Syatent  of  Aeration —  The  gaseous  metabolism  of 
plants  is  very  important.     An  extensive  system  exists  for 
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the  penetration  and  distribution  of  gases.  The  epidermis, 
especially  on  the  under  surface  of  the  leaves,  is  provided 
with  pores  (stontata),  usually  guarded  by  special  cells,  and 
these  communicate  with  clefts  in  the  tissue. 

7.  Olandolar  SyBtem —  This  consists  partly  of  cells,  part- 
ly of  tubes.  The  latter  may  be  formed  by  the  breaking- 
down  of  cell  bodies,  or  as  regular  ducts,  similar  to  those 
found  in  animal  glands. 

The  glandular  cells  serve  especially  for  the  elaboration 
and  storage  of  ethereal  oils.     They  occur  isolated  and  have 
a  more  or  less  globular  form.     Cells  also  serve  for  the 
elaboration  and  storage  of 
mucilaginous  and  resinous 
substances. 

Tubes. —  The  tubes  for 
milk  juices  are  partly  con- 
ducting, partly  glandular 
in  function.  They  arise 
through  the  absorption  of 
the  separating  membrane 
of  cells,  like  the  vessels  of 
the  vascular  bundles,  but 
usually  occur  isolated  ( Fig, 
10.)  These  cells  were 
originally  filled  with  secre- 
tion: caoutchouc  (differing 
from  resin  in  being  insolu- 
ble in  ether) ,  alkaloids 
( opium) ,  resins,  oils,  or 
balsams.  The  side  wall  of 
the  cell  may  also  disap- 
pear, so  that  the  contents 

f.      .'  .    ,         „    ,  P'S-  "—  O'l  spa*'*  "1  tranirene  sec- 

lie  in  an  intercellular  space    ^o"    <>*    rhuom*    of    Amu^a    mamana:     I. 

resin  or  oil  spaces  (e.  g.,    of°formalio"t/'iMrin'g'orihe'g'round*til- 

oil   of  lemon)— (Fig.    ii,  ^U^t^^tl,Tc  K^'T''.hTniighbo"ho^ 

O   and   &).  of  the  oil  .pace.. 

These  differ  in  the  manner  of  their  formation  from  the 
secreting  spaces  (Fig.  12,  hg),  which  were  never  cells,  but 
represent  from  their  origin  ducts  like  those  found  in  animal 
glands,  and  are  surrounded  by  special  parenchymatous 
secreting  cells  (Fig.  12,  c).     This  formation  is  especially 
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common  in  the  urabelliferse,  compositae,  and  coniferas,  in 
which  they  contain  resins  and  essential  oils. 


CHAPTER  II. 

PHARMACY;  METROLOGY. 

1.  Definition  and  Objecta. —  Pharmacy  deals  with  the 
preparation  and  compounding  of  drugs  for  the  purpose  of 
administration. 

The  necessity  for  such  an  art  will  be  readily  understood.  Drugs  may 
be  divided  according  to  their  origin  into  mineral,  vegetable,  and  animal 
drugs.  The  last  two  are  often  too  bulky  to  be  conveniently  used,  and 
the  substances  which  determine  their  action  are  often  in  such  a  condi- 
tion that  they  can  not  readily  be  separated  in  the  body,  and  so  can  not 
develop  their  action.  Further,  one  drug  alone  does  not  usually  meet 
all  the  indications  in  a  disease,  and  when  several  are  given  it  is  neces- 
sary to  combine  them  in  such  a  way  that  ihey  may  not  interfere  with 
one  another,  either  chemically  or  mechanically.  Lastly,  having  chosen 
and  prepared  the  drugs  in  a  proper  manner,  and  having  decided  how 
to  combine  them,  it  is  highly  desirable  to  give  them  in  such  a  form  as 
will  be  least  objectionable  to  the  taste,  smell,  or  sight  of  the  patient 

These  constitute  the  objects  of  pharmacy:  the  separa- 
tion of  the  active  principles  of  drugs,  their  combination,  and 
the  putting  of  them  in  a  pleasant  form.  In  regard  to  the 
prqtarations,  only  those  of  the  drugs  of  organic  origin  —  ^ 
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the  "  Galenics,"'  so  called  —  will  be  treated  of  in  this 
place.  The  preparation  of  inorganic  and  synthetic  com- 
pounds belongs  more  strictly  to  the  domain  of  chemistry. 

A  certain  degree  of  uniformity  in  the  strength  and  prepa- 
ration of  pharmaceutic  products  is  absolutely  indispensable. 
Accordingly,  practically  all  civilized  countries  have  stand- 
ards established  by  law,  to  which  the  drugs  and  prepara- 
tions in  the  shops  must  conform.  The  book  in  which  these 
standards  are  published  is  usually  called  the  Pharmacopaia. 
That  of  the  United  States  was  first  published  in  1820,  and 
is  revised  every  ten  years  by  a  committee  of  physicians  and 
pharmacists.  Preparations  made  in  conformity  to  it  are 
called  official. 

The  present  "  Eighth  Decennial  Revision  "  appeared  during  the  sum- 
mer of  1905  and  became  official  on  September  i,  igog.  The  title  is 
commonly  abbreviated  to  "U.  S.  P„  8,"  that  of  the  British  Pharma- 
copceia  to  "  B.  P." 

The  pharmacopceia  deals  only  with  standard  remedies  in  common 
use.  Many  other  preparations  are  also  employed.  The  formulje  for 
these  are  usually  taken  from  other  standard  works,  e.  g.,  the  "  National 
Formulary"  (N.  R),  Reference  books  which  commend  and  enlarge 
on  the  pharmacopceia  and  formularies  are  called  "Dispensatories." 

In  making  pharmaceutic  preparations,  as  also  in  "  filling "  prescrip- 
tions, the  ingredients  are  combined  in  definite  proportions,  by  weight 


A  discussion  of  the  elementary  principles  of  metrology,  the  science 
of  weights  and  measures,  then,  forms  the  first  topic  treated  of  in  this 

a.  MetroloKy.* —  Formerly  every  country,  even  every  Slate,  and 
some  cities,  had  their  own  system  of  weights  and  measures,  resulting 
in  endless  confusion  and  loss  of  time.  This  state  of  affairs  still  exists 
to  some  extent.  In  the  United  States  and  Great  Britain  no  less  than 
five  different  systems  are  in  common  use.  It  is  a  hopeful  sign  that 
the  United  States  Pharmacopoeia  has  decided  to  employ  the  metric  sys- 
tem. This  system  originated  in  France  near  the  close  of  the  last 
century.  It  has  been  adopted  in  science  to  the  exclusion  of  all  others, 
and  possesses  a  number  of  advantages  which  should  cause  all  other 
systems  to  be  discarded.  This  is  the  present  tendency,  and  the  student 
who  looks  a  few  years  into  the  future  is  urged  to  learn  the  doses  and 
practice  prescription- writing  in  the  metric  system.  Since,  however,  the 
common  systems  are  still  used  in  some  hospitals  and  journals,  the 
equivalents  on  page  38  should  also  be  mastered,  and  the  conversion  of 
the  systems  practiced. 

A.  The  Metric  System. —  This  is  based  on  the  decimal  sys- 
tem, and  has  for  the  unit  the  measure  of  length,  the  meter 
(M.). 
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This  was  intended  to  be  a  natural  unit,  viz.  th«  ten'inillionth  part  of 
the  distance  from  the  pole  to  the  equator  of  the  earth  at  a  particular 
nieridian.  Subsequent  measurements  have  given  a  slightly  different 
value  to  this  distance.  The  meter  is  therefor  an  arbitrary  standard  — 
the  length  of  a  platinum  bar,  the  original  of  which  is  preserved  in 
Parts. 


Flf.     I  J. —  Metric    diagrlm  —  comparisan    of    mcuuru   of    lenctb,    capacitT.    lad 

watht    (CoblenU). 

The  meter  is  divided  into  lo,  lOO,  and  looo  parts,  called 
respectively  decimeter  (dm.),  centimeter  (cm.),  and  milli- 
meter (mm.). 

The  contents  of  a  cube  whose  edges  measure  a  decimeter 
form  the  unit  of  capacity  (Fig.  13),  the  liter  (L).     The 
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thousandth  part  of  this  is  a  cubic  centimeter  (ccm,,  or, 
briefly,  cc.)-  The  unit  of  weight  is  given  by  the  weight  of 
a  liter  of  distilled  water  at  4°  C.  in  vacuo :  this  is  the  kilo- 
gram (Kg.).  A  thousandth  part  of  this  is  a  gram  (Gm.). 
A  quantity  ten  times  the  unit  is  expressed  by  prefixing  the 
Greek  numeral  Deca ;  one  hundred  times,  Hecto ;  one  thou- 
sand times,  Kilo.  The  tenth  part  of  the  unit  is  expressed 
by  prefixing  the  Latin  numeral  deci;  one-hundredth,  centi; 
one-thousandth,  rmlli. 
Thus: 

1000         Gm.  =  Kilogram     (Kg.)' 
100  "     ^  Hectogram  (Hg.) 

10  "     =  Decagram    (Dg.) 

I  "     =  Gram  (Gm.) 

0,1         "     ^  decigram      (dg) 

o.oi       "     =  centigram     (eg.) 

o.ooi     "     =  milligram     (mg.) 

In  quantities  including  several  denominations  only  one 
unit  is  used:  thus,  1.234  Kg.  would  be  read  as  1234  Gm.; 
0.002  Gm.  as  two  milligrams,  etc.  The  quantities  are  al- 
ways denoted  by  Arabic  figures  placed  before  the  appella- 
tion. Fractional  parts  are  always  converted  into  decimal 
fractions. 

In  continental  Europe  the  liquid  measure  is  very  little  used  in 
pharmacy,  liquids  being  usually  weighed. 

Table  I:    Cbnunon  System  of  Weights  and  meantres.' 

The  denominations  are  the  following: 

APOTHECARIES'  OR  TROY  WEIGHT. 

Grain  (gr.) 

[Scruple,    O)       =20  grs,] 
Drachm.    (3)       1=  33]  =  60  grs. 
Troy  ounce,   (3)  =  85      =480  grs. 
[Troy  pound  =  laj    =  57*0  grs.] 

(3j  of  water  under  standard  conditions*  measures  504.83  minims.) 

AVOIRDUPOIS  WEIGHT. 

Grain  =  same  as  Troy  grain. 

Ounce  (oz.)  =  437^  grains. 

Pound  (lb.)  =  16  ozs.  =  ;ooo      grains. 
Ton  =  2000  lbs. 


I  Some  mthort  begin  ill  ttie  sbbrcvistioni  wilh  c>p!li1a:  oltaf 
hall  for  the  units  gram.  liWr  »nd  meler.  and  iheir  muliipln; 
en  (Of  fnctiiHiB  (SB  in  the  abore  liM);  the  Utier  plan  baa  some  ad 

'  ThMc   in    iquart    bracket*   are   practically   obaolete. 


:.d":S:j 
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UNITED  STATES  APOTHECARIES'  OR  WINE  MEASURE. 

Minim    (tti)    (approximately  equal  to  one  drop  or  to  one  grain  of 

water— more  exactly,  o.gs  grain). 
Fluidraehm  (113)  =  60  m,. 

Fluidounee  (fij)  =   8  fl3  =  480  "l    (AJi   of  water  under 

standard  conditions'  weighs  456?^  grains). 
Pint  <pt.,  or  Octarius.  O)      =  16  flj  =  7680  ni. 
Quart   (qt.)  =  2  pts.  =  32  flj 

Gallon  (gal.,  or  Congius.  C)  =  8  O     =  128  flj  =  61,440  m. 
A  gallon  holds  231  cubic  inches. 

Another  system  of  liquid  measure  is  in  use  in  Great 
Britain,  and  must  not  be  confused  with  the  American  sys- 
tenk     It  is  the 

IMPERIAL  MEASURE. 

Minims    (min.)  =  0.96   m 

Fluidraehm  (fl.dr.)     =  60  min.  =  0.96  fi3 

Fluidounee  (fl.oz.)     =    8  drachms        =  0.96  dj 
Pint  (O)  =  20  fluidounces    ^  1.2  O 

Gallon  (C)  =    8  pints  =  1.2  C 

In  writing  the  apothecaries'  measure  in  prescriptions,  the 
figures  are  written  in  the  Roman  system  and  placed  after 
the  appellation.  Thus,  gr.  xx,  not  20  grs.  The  ones  are 
always  dotted,  and  the  last  one  is  formed  like  a  j :  thus, 
3iij,  5vj,  etc.  The  fl.  before  the  sign  is  often  omitted  with 
liquids. 

Fractions  are  written  as  common  fractions:  gr.  ^/,o,  not 
gr.  G.r. 

Popular  HeasurcB. —  These  are  formed  of  utensils  com- 
monly found  in  the  household,  and  are,  of  course,  very 
inexact.  They  should  be  displaced  by  graduated  medicine 
glasses,  which  can  now  be  obtained  very  cheaply.  Spoons 
are  supposed  to  be  filled  so  that  the  fluid  stands  level  with 
the  rim. 

The  usually  accepted  equivalents  of  these  measures  are:* 


I  drop  (gtt.) 

= 

I  minim* 

I  fl3' 

1  dessertspoon 

2  flS 

I  tablespoon 

4  fl3  OiS) 

I  wine-glass 

2fl.^ 

I  tea -cup 

4fl5 

I  tumbler 

8  flS 

I  knifepointtul 

^ 

IS  to  30  grs. 

At   4°   C.   and   in    ' 

'  The  equivalents  in 

'As   a   tnalltr   oi    fi 

ici,    the    !i»   r 

.f    ™ 

drop   varies    i 

re   of  the   fluid    and 

of    Ihe   conta 

there   may   b 

'ReaUrfrom    }^    tc 

-  flj 
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8.  The  vaitt  of  tempetatnie  may  also  be  treated  in  this 
place. 

The  scientific  scale  is  the  Centigrade  or  Celsius.  In  this 
the  range  between  the  freezing-point  of  water  {o°  C.)  and 
its  boiling-point  {ioo°  C.)  is  divided  into  lOO  parts.  In 
the  Fahrenheit  scale,  in  common  use,  the  freezing-point  of 
water  is  32°  R,  the  boiling-point  212°  R,  and  the  range, 
therefore,  180°  R 


The  conversion  of  one  scale  into  the  other  may  be  done 
by  the  following  rules: 

To  convert  degrees  Centigrade  into  Fahrenheit :  multiply 
l>y  */»  3nd  add  32. 

To  convert  degrees  Fahrenheit  into  Centigrade :  subtract 
32  and  multiply  by  'A- 

4.  The  advantage!  of  the  metric  lyfltem  will  now  be  mani- 
fest 

1.  The  metric  system  is  widely  used,  and  is  understood 
throughout  the  civilized  world. 

2.  There  is  a  simple  relation  between  linear,  solid,  and 
liquid  measures. 

3.  The  decimal  feature  determines  great  ease  in  multipli- 
cations, since  only  a  change  of  a  decimal  point  is  required 
to  change  one  denomination  into  another.  It  is  also  much 
easier  to  write  the  quantities.*  Calculations  involving 
specific  gravity  are  also  much  more  easily  made. 

4.  The  adherents  of  the  common  system  claim  that  it  is 
more  convenient.  There  may  be  some  truth  in  this,  for  the 
grain,  minim,  and  drachm  happen  to  be  more  convenient 
doses  than  the  gram  or  cubic-centimeter.  This  advantage, 
however,  is  insignificant. 

>Ao  cample  will  make  tfais  dearer:  Take  40  Gm.:  In  ibe  United  SlaKa 
•riMni   tfaia  mult  be  written  ^i   3ij   gr-  xvij.     Should  v 


Kil    quintitr, 
0  Gm.     But 

MOplkated: 
SXJi     5i 

gr.     xvii-Jv    3     -    «r. 

"  ir' 

jr.  biJtit 

=  3i      5iJ 

j4nmcr     —  3  tJ    3  Lij 
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6.  Table  H. —  Eqninlents  of  Ketrio  and  Common  ^itemi.> 


=    0.0254  M.  = 
=  30M7    cm- 
I  yd.  3.370  inches.         |    i  yd.    ^91440  cm. 


I  c.  c.  ^  16.23  ^- 
I  L.     =  33-815  flS- 

=    2JI3  PU. 

—  0.2042  gal. 


CAPACITY  (TjKiTED  States). 

IR     =    0.06161  c 


I  flj    =  29-574  c.  c. 
I  pt.    =    04731  L. 
r  gal.  =    3.7854  L. 


CAPACITY  (Butish). 


I  rag.  =       '/«      gr. 
1  Gm.  =  15432      grs. 

=    0.03527  or.  Av. 

=    0.03215  5  Troy. 
1  Kg.  =    2.2046  lbs. 


WEIGHT. 

gr.         ^64.8  mg.^ao64S  Gm. 
3  =4  Gtn. 

[  oz.  Av.  =  28.3495  Gm. 
1  JTroy  =  31.1035  Gm. 
[  lb.         =    0.4536  Kg. 


APPROXIMATE  EQUIVALENTS. 
1  grain  or  minim  = 


t  drachm 
1  ounce 

I  pint 


=  4-0  {-) 
=30.0  <— ) 
=  05  Uter  (— ) 


.  vj  ..       .    __  jj  J  grams  or  r 
ICC.       )  ims. 

t  milligram  =  '/»  grain. 
I  Liter  =  i  quart  (+). 

I  Kilogram  =  3.3  lbs. 


INSTRUMENTS  AND  METHODS  OF  METROLOGY. 

6,  Welgfatng. —  In  determining  the  weight  of  a  body,  we  balance 
the    force   which    it   exerts   by   virtue    of   its   gravity,   against    another 

This  is  done  by  means  of  a  balance,  or,  as  it'  is  called  when  used 
for  larger  masses,  a  scale.  These  are  constructed  on  cither  the  spring 
or  lever  principle. 

The  tprittg  balance  does  not  allow  of  any  great  accuracy,  hut  has  the 
advantage  of  cheapness  and  is  very  convenient. 

The  extent  to  which  a  spring  is  stretched  by  a  given  weight  is  de- 
termined experimentally,  and  a  scale  constructed  in  this  manner  (see 
Fig.  14)- 

The  lever  or  beam  balance  compares  the  weight  of  a  substance  wiui 
a  known  weight  suspended  from  the  other  side  of  the  fulcrum.    The 


"The 


.ughir 


rilled  ii 


the  cooveriion   ot  0 
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:  usually  constructed  c 


Or  the  arms  may  be  unequal  length,  when  the  weight  is  given  by 
the  fonnula  L  W  =  L'  W;  where  L=length  of  beam  and  W  the 
wci^t:  1.  e..  if  W  is  I  and  L  is  I,  then  if  L'  =  2,  W  will  be  5^. 


Fig.  15. —  Eqiul-arm  twlaocCL 


Diflgrmm  of  unequil-i 


The  advantage  of  this  arrangement  lies  in  the  fact  that  but  one 
weight  is  required,  the  weighing  being  done  by  shifting  this  on  the 
beam.  Figure  16  illustrates  a  scale  built  on  this  plan.  If  the  weight 
5'  is  balanced  with  W  at  x,  then  twice  S  will  be  balanced  at  s,  etc 
This  principle  is  also  employed  in  weighing  very  heavy  substances. 
If  the  disUnce  F  P  =  ioX  F  S.  then  each  Gm.  placed  on  the  pan  P 
w31  indicate  10  Gm.  on  S,  etc 
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The  same  principle  is  used  in  the  rider  of  analytic  balances.  The 
arm  is  here  divided  into  ten  parts;  a  rider  of  platinum  wire  weighing 
0.01  Gm.  can  be  shifted  along  this  arm,  and  each  division  will,  of 
course,   indicate  Vw  of  O.Oi   Gm.  =  i   milligram. 

Some   tnechatiical   features   in   the   construction    of  balances   deserve 
furlher  mention : 
The  fulcrum  consists,  in  most  balances,  of  a  sharp  prism  of  steel  or. 
^^  in   better  balances,   agate,— the   so-called   knife-edge, 

_^j^  J  —  supported    on    a    steel    or    agate    rest    ( Fig.    17). 

^■<V^  The   pans   are   suspended    from   similar   knife-edges. 

It    is    essential    that    these    three    edges    should    be 
exactly    parallel,    else    the    shifting    of    the    position 
'    of  the  weight  on  the  pan  will  make  a  difference. 
In  the  torsion  balance  the  fulcrum  is  formed  by  a 
tightly   stretched  wire  firmly  fixed  to  the  beam  and 
_  _  K  -f     supporting  it.    The  movements  of  the  latter  cause 

Edg*.  torsion   of  the   wire.    This   avoids   the  wearing  of 

the   knife-edge. 
In  the  liner  balances  a  pointer  is  attached  to  the  center  of  the  beam 
to   facilitate  the  observation  of  its  movements.     It   is  not  necessary  to 
wail  until  the  pointer  comes  to  rest ;  balance  is  secured  when  it  swings 
to  the  same  extent  on  each  side. 

Two  screws  at  the  ends  of  the  beam  permit  of  balancing  the  two 
arms.  Some  mechanism  exists  in  all  balances  for  arresting  the  swing 
of  the  beam. 

Liquids  are  weighed  by  counterbalancing  (taring)  the  empty  con- 
tainer, placing  the  required  weight  on  the  other  scale-pan,  and  then 
adding  the  liquid  until  the  balance  is  restored. 


7.  Meaiurlng  is  done  in  graduated  vessels,  usually  of  glass 
{"graduates").  Several  points  must  be  kept  in  mind:  The  vessel 
containing  the  liquid  must  be  held  so  that  the  level  of  the  liquid  is 
in  a  perfectly  horij^ontal  plane,  and  at  the  same  height  as  the  eye. 
This  is  greatly  facilitated  by  having  the  marks  encircle  the  graduate. 
The  possibility  of  error  is  the  greater,  the  broader  the  surface.     Owing 
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to  capillary  attraction,  the  surface  of  the  liquid  is  always  cupped,  pro- 
ducing the  "meniscus"  (Fig.  18).  The  reading  should  be  taken  at 
the  lowest  level  of  the  meniscus.  Meositring  flasks  and  " graduates" 
1.  f.,  the  vessels  used  for  measuring  larger  quantities,  are  graduated 
for  contents:  1.  e.,  the  quantity  read  is  the  quantity  contained  in  them. 
Whilst  pipelles  and  burettes  are  graduated  for  outflow :  the  quantity 
read  is  the  quantity  which  will  flow  from  them. 

Since  the  volume  of  liquids  varies  with  the  temperature,  readings 
should  be  made  at  the  temperature  for  which  the  measures  are  ad- 
justed—  approximately   room  temperature.' 

Graduates  are  of  two  shapes,  cylindrtc  (Fig.  19)  and  conical  {Fig. 
30).  Each  has  its  advantages.  The  former,  which  is  usually  em- 
ployed in  scientific  laboratories,  allows  measuring  the  liquid  with  equal 


accuracy  at  all  heights.  The  conical  graduate,  on  the  other  hand, 
allows  smaller  quantities  to  be  measured  with  greater  accuracy  than 
larger  ones,  and  facilitates  cleaning.  Measuring  flasks  arc  the  only 
accurate  method  of  measuring  large  quantities  of  liquids,  since  the 
reading  part  is  very  greatly  conslricted   (Fig.  21). 

For  smaller  amounts  pipettes  (Fig.  22)  and  burettes  (Fig.  23)  are 
employed. 

To  facilitate  the  reading  of  the  latter  Erdmann's  Hoal  (Fig.  24)  is 
a  very  convenient  aid.  The  reading  is  made  from  the  mark  on  the 
float  A  cheaper  way  is  to  use  a  card  with  a  horizontal  line  which  is 
adjusted  to  the  lowest  part  of  the 


'  The  proeni  U.   S.  P.  direcu  as"  C=  7; 
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A  topic  closely  related  to  this  of  metrology  is  that  of 
8.  Specific  uravlty^Tbis  may  be  defined  as  the  ratio  of  the 
weight  of  a  given  substance  to  the  weight  of  an  equal  volume  of  a 
standard.  The  U.  S.  P.  standard  for  liquids  or  solids  is  (in  phar- 
macy) distilled  water  at  25°  C.  (77°  F).  the  specific  gravity  of  the 
liquid  being  taken  at  the  same  temperature.' 

Methods  of  Determining  Specific  Grcanly. — 

In  principle,  the  weight  and  volume  of  the  substance  must  be  deter- 
mined.  Since  I  c.  c.  of  the  standard  (water)  weighs  I  Gm.,  it  is  only 
necessary  to  divide  the  weight  in  grams  by  the  volume  in  c  c.  to  ob- 
tain the  specific  gravity. 

W  (Gm.) 

Sp.  G.= 

V  (c  e.) 


The  details  must  vary  with  the  physical  nature  of  the  substance. 


f{ 


FIk-  34-—  Erdmann't  flMt. 

1.  Liquid*.— I.  Pycnometer  (Fig.  25)- — A  flask  whose  net  weight 
is  known,  and  also  its  weight  when  filled  to  the  mark  with  water  at 
25°  C,  is  filled  with  the  liquid  whose  specific  gravity  is  to  be  deter- 
mined, and  again  weighed. 

Example: 

Weight  of  pycnometer  filled  with   water  =56.5511 

empty  =27.0758 

"    water  =294753 

Weight  of  pycnometer  filled  with  liquid  =60.24^ 

=  27.o?58 

"         "    liquid  =33.l?l8 

Specific    gravity    of    Iiquid=33.i7i8-j- 29.4753^1.1254 

This  is  the  most  accurate  method  of  determining  the  specific  gravity 
of  liquids. 

2.  By  the  loss  of  weight  of  a  solid.    A  body  immersed  In  a  liquid 
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loses  th«  weight  of  its  c 

is  done  most  conveniently  with  a 

Exatnple: 

A  50  Gm.  weight  weighs  in  distilled  water  24.36  Gm. 

Loss  of  weight ^25.64  Gm. ^volume  of  the  weighL 

The  same  weight  weighs  in  the  liquid  20,15  Gm, 

Loss  of  weight  =  29.85  Gm.  =  weight  of  equal  volume  of  fluid. 

Specific  gravity  29,85-^25.64=1.164. 

3.  Areonuters  (Fig.  27). —  These  are  adjusted  to  sink  in  the  liquid 
to  the  mark  on  the  stem  corresponding  to  the  specific  gravity  of  the 
liquid.  They  are  not  usually  very  accurate,  but  are  very  convenient 
for  ordinary  purposes,  such  as  the  clinical  examination  of  urine,  etc 
(urinometer).  Formerly  they  were  graduated  in  artificial  scales,  but 
at  present  they  are  made  so  that  the  specific  gravity  may  be  read  off 
directly. 


i 


i'*-™'^'™^'^™^ 


Kg.    x6. —  S{>ed6c    gnvil^r    > 

II.  SoHd*. —  These  are  weighed  in  flie  usual  manner.  The  method 
ased  for  the  determination  of  the  volume  must  vary  in  different  cases. 
Into  this  we  need  not  enter. 

The  specific  gravity  is  of  use  in  calculating  the  weight  or  volume  of 
tubilancei: 

To  determine  the  weight  of  3  given  volume  of  a  substance,  multiply 
this  volume  by  the  specific  gravity:  weight  =  yolume  X  specific  p-avity. 
To  determine  the  volume  of  a  given  weight,  divide  the  weight  by 
weight 

the  specific  gravity;  volume^ 

specific  gravity 
A    term    which    is    sometimes   used    is   tlie  "  speeiHe   volume,"   the 
volume    of    a    substance    compared    with    the    volume    of    die    same 
weight  of  the  standard.    It  is  the  reciprocal  of  the  specific  gravity; 
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CHAPTER  III. 
PHARMACEUTIC  METHODS.' 

In  the  making  of  pharmaceutic  products  very  different 
methods  must  be  used,  depending  upon  the  physical  and 
chemic  nature  of  the  crude  drug,  and  upon  the  character  of 
the  desired  product. 

These  may  be  roughly  classified  into  those  used  in  the 
making  of  many  different  preparations, —  general  methods, 

—  and  those  used  in  only  a  very  limited  number  of  cases 

—  special  methods. 

The  methods  can  be  best  understood  when  studied  in  the 
order  in  which  they  are  usually  applied  to  the  drug. 

I.  PREPARATORY  PROCESSES. 
Desiccation  or  Sryii^ —  This  is  usually  the  first  operation 
to  which  the  crude  drugs  are  subjected  after  their  collec- 
tion.    It  serves  a  threefold  purpose :     It  reduces  the  bulk, 
assists  preservation,  and  facilitates  comminution. 

Formerly  the  drying  was  done  by  spreading  or  hanging  the  drugs 
in  airy  lofls.  At  present  they  are  usually  placed  on  perforated  trays 
in  special  drying  closets  and  heated  artificially  (steam,  etc).  They 
are  often  cut  into  smaller  pieces  before  this  drying.  The  degree  of 
heat  must  not  be  so  high  as  to  injure  the  sometimes  very  unstable  in- 
gredients.' 

Comminntion —  The  next  step  is  comminution,  or  reduc- 
ing of  the  substance  to  smaller  pieces. 

This  is  usually  done  by  machinery.  Crude  vegetable  drugs  are  first 
sliced  or  chopped,  often  before  drying.  They  are  iheti  bruised  by 
pounding  in  a  mortar  and  finally  ground,  the  finer  grades  of  powders 
often  several  times,  the  grinding  surfaces  being  brought  closer  to- 
gether each  time.  The  mills  for  this  purpose  are  constructed  on  the 
same  general  principles  as  flouring  mills,  employing  stones,  rollers,  etc. 
The  details  of  the  process  used  depend  upon  the  physical  character  of 
the  drug.  A  fibrous  material  like  licorice  root  requires  a  different 
process  from  a  friable  substance  like  gum  acacia. 

On  the  small  scale,  drug  mill';,  constructed  more  or  less  on  the 
principle  of  the  coffee-mill,  are  used  for  fibrous,  and  mortar  and  pestle 

•Enerciu    j. 

•The  U.   S.  P.  designates  32  to  39°  C.  u  "gentle  he»l." 


.dbyGoogle 


COMMINUTION. 


Trituration  is  the  process  of  rubbing  (not  pounding)  a 
substance  to  a  powder  in  a  mortar. 

Some  points  deserve  special  mention.  Often  a  substance  will  not 
powder  by  itself,  but  will  do  so  when  mixed  with  another  substance  — 
e,  g.,  sugar  of  milk.  This  is  called  "  pulverization  by  interventioiu" 
Sometimes  it  is  well  to  moisten  the  drug  — f.  g.,  camphor  with  alcohol, 

In  the  process  of  percolation,  presently  to  be  described,  it  is  often 
essential  to  use  a  powder  of  a  certain  degree  of  fineness.    The  powders 


Fig.   38. —  Mortani 


No.  80  =  80  meshes  to  linear  inch,  very  fine. 
"60^60        "       "        "       "       fine. 
"    50^  moderately  fine. 


Since  the  different  structures  in  a  crude  drug  do  not  powder  with 
equal  readiness,  it  is  essential  that  the  whole  of  the  drug  lo  be  pow- 
dered should  be  passed  through  the  sieve,  else  the  different  portions 
will  not  have  the  same  composition. 

To  obtain  very  fine  powders  of  an  insoluble  substance,  it  may  be 
levigated}  The  process  of  decanlation  (elutrialion)  is  also  employed 
to  separate  very  fine  powders,  as  chalk. 

II.  PROCESSES  OF  SEPARATION. 
For  the  separation  of  the  desired  ingredients  from  the 
inert  material  three  methods  are  in  vogue,  depending  upon 
the  nature  of  the  active  constituents.  If  volatile  constitu- 
ents are  to  be  separated,  this  may  be  readily  done  by  the 
application  of  heat  —  distillation  and  sublimation.  If  they 
are  not  volatile,  the  separation  is  usually  effected  by  ex- 

■  Hade  into  a  thick  pute  witb  vaUr  and  rubbed  between  two  polished  slabs. 
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posing  the  drug  to  the  action  of  some  solvent  in  which  the 
desired  principles  are  soluble,  and  the  rest,  as  far  as  may  be, 
are  insoluble.  In  certain  cases  some  mechanical  means  are 
sufficient,  as  in  the  separation  of  fixed  oils  from  seeds,  etc., 
by  pressure. 

Separation  by  HeanB  of  Heat. —  This  may  be  done  when-  ' 
ever  the  substances  to  be  separated  have  a  different  boiling- 
point,  and  are  not  themselves  destroyed  by  the  necessary 
degree  of  heat.  The  methods  used  must  vary  according 
to  whether  the  fixed  or  the  volatile  portion  is  desired,  and, 
if  the  latter,  according  to  whether  it  is  liquid  or  solid. 

Desiccation.  Torrefaction,  Carbonization,  Ignition. — 
With  all  these,  the  object  is  to  drive  off  some  volatile  con- 
stituent from  a  solid,  the  fixed  residue  being  the  portion 
desired. 


Fig.    i».—  Dciiccitor.  Tig.    30.—  ConMsnt   level    i.»ter-b»t[L 

(CobleoU.) 

When  the  heat  employed  is  of  such  degree  as  not  to 
change  the  chemic  composition,  the  process  is  spoken  of  as 
desiccaiion.     This  has  been  partly  discussed  on  page  44. 

For  some  purposes  it  is  necessary  to  modify  this  process.  If  the 
last  traces  of  moisture  are  to  be  removed,  it  is  necessary  to  employ 
heat  above  that  of  boiling  water,  say  iio"  to  120"  C,  and  the  heating 
must  be  continued  for  some  time.  When  such  heat  is  injurious  to  the 
substance,  the  same  object  may  be  accomplished  by  drying  in  vacuo 
(p.  48)  or  by  placing  the  substance  in  a  desiccator  (Fig.  29)  over 
some  hygroscopic  substance  —  CaCli,  or  preferably,  concentrated  sul- 
phuric acid.  A  substance  or  vessel  which  has  been  heated  and  which 
IS  to  be  weighed  must  always  be  placed  in  a  desiccator  to  cool,  since 
moisture  is  very  rapidly  attracted  from  the  atmosphere. 

Torrefaction. —  The  process  of  roasting;  the  object  be- 
ing to  employ  such  a  degree  of  heat  as  will  alter  some  of  the 
constituents  without  affecting  others.  The  roasting  of  cof- 
fee is  a  familiar  example. 

Carbonisation, —  The  heating  of  organic  substances  un- 
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der  exclusion  of  air.  The  object  is  to  destroy  the  chemic 
composition  without  oxidation;  carbon  results  in  the  pro- 
cess (vegetable  or  animal  charcoal). 

Ignition. —  This  is  the  process  of  strongly  heating  a  sub- 
stance, usually  in  a  crucible,  with  full  access  of  air,  so  as  to 
effect  complete  oxidation ;  nothing  but  the  ashes  remain. 

The  methods  are  discussed  in  text-books  on  analytic 
chemistry. 

Evaporation  consists  in  vaporizing  the  solvent  from  a 
solution,  the  object  being  the  concentration  of  the  dissolved 
substance. 


ngnittot. 


Since  the  rapidity  of  the  evaporation,  aside  from  the  quantity  of 
heat  applied,  depends  upon  the  extent  of  the  liquid  exposed  to  the  ait 
and  to  the  heat,  dishes  as  flat  as  possible  are  chosen.  For  ordinary 
pharmaceutic  and  chemic  purposes,  those  made  of  porcelain  are  of 
most  frequent  service.  Vessels  made  of  glass,  iron,  platinum,  etc, 
6nd  application  in  special  cases.  The  heat  may  be  applied  directly,  say 
tiy  means  of  a  Bunsen  flame,  only  a  piece  of  wire  gauze  or  a  plate  of 
asbestos  or  iron  being  interposed.  This  method  can  be  used  only  when 
there  is  no  danger  of  injuring  the  solution  by  excessive  heat,  either 
the  substance  being  incapable  of  change,  or  the  solvent  sufficient  in 
amount  so  that  the  temperature  cannot  rise  much  beyond  its  boiling- 
point  If  this  is  not  the  case,  some  method  must  be  used  of  regulating 
the  amount  of  heat  applied,  and  this  is  done  l^  applying  tne  heat 
indirectly  through  a  bath.  This  consists  of  an  outer  vessel  filled  with 
water  (steam),  oil,  sand,  or  air. 
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The  water  and  oil  baths  can  only  be  used  for  temperatures  betow 
the  boiling-point  of  these  liquids.  This  is  rather  higher  for  oils, 
but  these  possess  the  disadvantage  that  irritating  vapors  arise  from 
them.  On  the  other  hand,  oil  does  not  evapotate  as  does  water. 
Water-baths  require  constant  attention  to  prevent  them  from  drying. 
Constant  level  water-baths  have  been  devised  to  obviate  this  difficulty. 
They  are  constructed  either  on  the  principle  of  Mariotte's  bottle,  or 
by  passing  a  continuous  stream  of  water  through  the  outer  vessels. 
(Fig.  30-) 

Steam  is  sometimes  used  instead  of  water. 

Air-  and  sand-balhs  are  capable  of  regulation  at  any  temperature. 
The  latter,  however,  are  frequently  used  merely  for  the  pur^se  of 
moderating  and  equalizing  the  heal.  Air-baths  may  be  improvised  by 
covering  a  tin  pan  with  a  sheet  of  iron.  A  much  better  method  is  by 
means  of  an  oven,  which  may  be  covered  with  asbestos. 

For  keeping  the  temperatures  of  air  and  water  ovens  constant,  va- 
rious therraoregulators  are  used  of  which  figure  31  is  an  example. 


Fig.  33.— Principle  of  liUer-punip.  Fig.  34. —  Sublimation  of  benzoic  acid. 

The  rapidity  of  evaporation  may  be  considerably  increased  by  stirring, 
thus  exposing  a  constantly  renewed  surface  to  the  air.  The  same  ob- 
ject may  be  secured  by  creating  a  current  after  the  manner  of  a 
smokestack,  by  supporting  an  inverted  funnel  over  the  evaporating 
dish. 

In  cases  where  the  evaporation  must  be  carried  on  at  a  temperature 
below  the  boiling-point  of  the  solvent,  this  may  be  done  either  by 
evaporation  over  HiSOi,  or  in  a  vacuum,  or  by  passing  a  current  of 
dried  air  through  the  liquid.  Figure  32  shows  an  apparatus  for  the 
evaporation  of  liquid  at  low  temperature,  combining  vacuum  and  fine 
stream  of  dried  air.  The  tube  which  carries  the  air  must  have  a  fine 
capillary  opening.  Figure  33  shows  the  principle  of  the  ordinary 
water  filter-pump  used  to  produce  the  vacuum. 

The  evaporation  which  occurs  from  the  surface  of  a  liquid  exposed 
to  air  at  ordinary  temperature  is  called  "  surface  evaporation."  tf 
varies  in  quantity  with  the  amount  of  surface  eitposed  and  with  the 
temperature  and  dryness  of  the  air. 

When  very  inflammable  liquids    (ether)    are  being  evaporated,  this 
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should  be  done  on  a  large  water-bath,  and  the  Bunsen  flame  should  be 
protected  by  wire  gauze. 

Sublimatlon.^ —  The  process  of  separating  a  volatile  from 
a  non-volatile  solid. 


Fig.  35  — Still,   Liebig'i 


Fig.  3«.— Still,  worm  condenser,  and   receiver. 
(The  difference  between  sublimalion  and  distillation  consists  in  this, 
that  the  product  is  solid  in  the  former,  liquid  in  the  latter.) 

This  may  be  done  in  a  distilling  apparatus,  provided  that  the  cooling 
tube  has  sufficient  lumen  lo  prevent  its  clogging  by  the  condensation 
of  the  sublimate.  The  apparatus  is.  however,  usually  modified.  A 
simple  illustration  of  this  process  is  the  old  method  of  manufacturing 
benzoic  acid  from  gum  benzoin,  a  paper  hood  being  used  as  condenser. 
(Fig.  3+) 

Distillation.! —  The  typical  apparatus  used  for  distilla- 
tion consists  of  three  parts  (Figs.  35  and  36)  : 

'  Allhough  tliii  ii  such  a  ready  and  simple  mean*  of  aeparaiion  tbat  one 
would  think  ibit  it  must  have  been  discovered  at  a  very  early  time,  aucb  does 
not  appear  to  have  been  ihe  caae.  We  find  the  first  record  of  It  in  the  wril- 
hiB>  of  the   fourth  century  alchemiiti. 

1^4 
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The  still,  the  vessel  in  which  the  vapor  is  generated. 

The  condenser,  the  apparatus  in  which  the  vapor  is 
cooled. 

The  receiver,  for  receiving  the  condensed  product. 

The  SHU. —  This  consists  of  either  a  retort,  an  alembic, 
or  a  flask. 

The  retorl  is  illustrated  by  figure  37,  The  bend  at  X  should  go  as 
far  as  possible  inward,  so  as  to  prevent  the  carrying  over  of  liquid. 
In  filling  3  retort,  care  must  be  used  not  to  get  any  liquid  in  the 
neck.  A  funnel  with  a  long  tube  attached  must  therefore  be  used. 
An  opening  (tubulure)  at  a  is  convenient  for  filling  and  for  holding 
a  thermometer. 

The  alembic  is  the  old-time  still,  and  differs  from  the  retort  in  hav- 
ing a  chamber  (helm  or  hood)  where  the  vapor  is  partly  condensed. 
By  fitting  the  helm  on  the  body  with  a  flange  joint  a  very  wide  opening 
can  be  secured,  which  is  of  use  in  cleaning. 

Flasks  with  perforated  corks  answer  for  most  purposes.  The  cork 
should  contain  two  holes,  to  allow  the  introduction  of  a  thermometer. 
To  prevent  the  projection  of  liquid  into  the  delivery  tube  during  too 
violent  boiling,  the  upright  limb  can  be  expanded  into  a  bulb. 

Liquids  in  contact  with  very  smooth  surfaces  —  i,  e.,  in  glass  ves- 
sels —  may  be  heated  to  a  temperature  considerably  above  their 
"  boilin|;-point,"  when  the  vapor  is  suddenly  disengaged,  and  causes 
"  bumpmg."  This  may  be  avoided  by  introducing  some  irregular 
bodies  into  the  flask  —  glass,  zinc,  pumicestone,  platinum  wire,  etc., 
according  to  the  nature  of  the  liquid ;  or  by  passing  a  fine  current  of 
air  through  the  liquid. 

The  Condenser. —  The  object  of  this  apparatus  is  to  cool 
and  consequently  condense  the  vapors  which  have  been 
formed  in  the  heated  still. 

With  substances  having  a  very  high  boiling-point,  above  150°  C,  the 
air  alone  may  be  sufficient  to  effect  condensation.  With  most  sub- 
stances, however,  a  constantly  renewed  layer  of  cold  water  is  neces- 

The  form  of  condenser  which  is  most  used  ui  laboratories  on  account 
of  its  convenience  is  the  Lifbig's  (Fig.  35). 

The  Tcorm  offers  a  larger  surface  (Fig.  36). 
As  receiver,  a  common  flask  or  breaker  is  ordinarily 
used.' 

The  heating  of  the  retort  may  be  done  in  any  of  the  ways  mentioned 
under  evaporation.  With  substances  which  are  injured  by  being  heated 
alone,  the  distillation  is  done  by  a  current  of  steam  generated  in  an- 
other vessel. 


rIowiniE.    cork'lwrinc,    elc.    wtucli    arp    t 
e  found  in  most  ercmrnlary'^einibaoks  . 
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Fraciiotial  distillation  is  the  process  of  sq>arating  a  mix- 
ture of  liquids  of  different  boiling-points  by  distillation. 

This  cannot  be  done  with  any  degree  of  completeness  unless  the 
boiling'points  lie  far  apart.  The  separation,  however,  will  be  the 
more  complete,  the  more  exactly  the  temperature  can  be  observed  and 
controlled.  The  themtometer'bulb  must  be  adjusted  at  the  level 
where  the  vapors  leave  the  flask.  This  is  facilitated  by  using  "  frac- 
tioral  distillation  flasks"  (Fig.  38). 

Destructive  distillation  is  the  name  applied  to  the  process 
of  heating  a  substance  so  strongly  as  to  decompose  it,  and 
collecting  the  volatile  products  arising  from  this  decom- 
position :  I.  e.,  in  the  case  of  organic  bodies,  tar. 

Solution. —  This  consists  of  incorporating  a  solid  into  a 
liquid  in  a  state  of  "  molecular  subdivision." 


Fif.37- 


Fie.  38'—  Fracilonil   6 


That  is,  the  molecules  of  the  solid  diffuse  themselves  in  the  liquid 
and  become  so  widely  separated  that  no  solid  particles  are  by  any 
means  discernible.  In  other  words,  the  solid  is  liquefied  and  its 
molecules  intermingle  with  those  of  the  solvent. 

A  simple  solution  is  one  occurring  in  the  manner  described,  the 
change  in  the  solid  being  physical.  When  a  chemic  change  takes 
place,  the  process  is  called  chemic  solution  (such  as  the  solution  of  a 
metal  in  an  acid). 

A  solvent  is  capable,  under  given  conditions,  of  dissolving  but  a 
limited  amount  of  a  given  solid.  A  solution  which  contains  as  much 
of  the  solid  as  the  liquid  can  dissolve  under  these  conditions  is  called 
a  taluraied  solution.  The  condition  which  has  the  greatest  influence 
upon  solubility  is  the  temperature.  A  liquid  can  usually  dissolve  the 
more  of  the  solid,  the  higher  the  temperature.  There  are,  however,  a 
feiv  exceptions  to  this  rule. 

If  a  solution  saturated  at  a  high  temperature  is  allowed  to  cool,  the 
originally  dissolved  substance  will  be  in  excess  of  saturation.  Under 
certain  conditions  it  may  still  remain  in  solution  at  the  lower  tem- 
perature, this  being  a  supersaturated  solution.  Ordinarily,  however, 
the  excess  will  separate,  usually  in  crystalline  form.  This  process  is 
called  crystallisation.    It  is  frequently  us^d  as  a  means  of  purification,  -  - 
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A  solution  which  contains  less  of  the  solid  than  it  is  capable  of  dis- 
solving is  an  unsaturated  solution.  A  solution  which  is  saturated  with 
one  substance  is  still  capable  of  dissolving  others,  though  not  as  much 
as  if  it  were  the  pure  solvent. 

Solution  is  effected  by  placing  the  solvent  in  contact  with   the  sub- 
stance to  be  dissolved.    The  process  may  be  hastened  by  applying  heat, 
or  by  exposing  the  largest  possible  surface  to  the  action  of  the  solvent 
The  latter  may  be  done  by  using  the  substance  in  a  pulverized  condi- 
tion, and  by  constant  stirring.    With  circulatory  tolulion  the  substance 
is  suspended  near  the  surface  of  the  solvent.    As  this  takes,  up  the 
substance,  it  gains  in  specific  gravity,  and  hence  sinks  to  the  bottom, 
a  new  portion  of  liquid  taking  its  place.     (Fig. 
39. )     The    same    obj  eel    may    be    secured    by    a 
process    analogous    10    percolation,    the    powder 
being   placed   in    a    funnel   partly   occluded   by   a 
pledget  of  cation,  etc.,  and  the  solvent  allowed  to 
percolate  through  it. 

The  simple  solution  of  a  substance  always 
causes  a  depression  of  temperature.  But  if  a 
chemic  change  occurs,  the  temperature  may  be 

The  process  of  solution  applied  to  crude  drugs 
has  for  its  purpose  the  separation  of  the  active 
ingredients  from  the  insoluble  inert  material. 
The  object  is  to  dissolve  out  the  greatest  pos- 
sible amount  with  the  least  possible  menstruum. 
This  accomplishes  two  results :  We  obtain  a 
strong  extract,  and  we  waste  neither  drug  nor 
Flo.  39.— Circulatory  menstruum.  There  are  a  number  of  methods  of 
gDJuiion.  accomplishing    this,    each     with     its    advocates. 

They  are  combinations  of  two  extremes :  maceration  and  percolation. 
Neither  of  these  is  commonly  used  alone  in  this  country,  the  practice 
being  to  combine  the  two. 

Maceration  is  by  far  the  simpler  process.  It  consists  in 
simply  leaving  the  solvent  in  contact  with  the  drug  under 
suitable  conditions  for  a  sufficient  length  of  time. 

When  maceration  alone  is  employed,  a  given  quantity  of  the  drug 
is  put  in  a  bottle  or  other  suitable  vessel  with  a  definite  pn^Kirtion  of 
the  solvent  (called  menstruum)  and  left  a  certain  time,  usually  two 
weeks.  The  liquid  is  then  strained  off,  the  residue  (mare)  is  ex- 
pressed and  the  mixed  extract  filtered.  The  details  of  the  process  arc 
influenced  by  several  considerations: 

(a)  The  degree  of  comminution  of  the  drug:  The  finer  the  drug, 
the  less  time  will  be  required,  and  sometimes  it  is  impossible  to  get 
thorough   penetration  unless  the  drug  is  powdered. 

A  coarse  powder  gives  a  cleaner  solution. 

(b)  Temperature:  The  solution  is  the  quicker,  the  higher  the  tem- 
perature. Different  names  are  given  to  the  process  according  to  the 
temperature  at  which  it  is  carried  out.  Maceration  proper^ room 
temperature ;  30°  to  40°  C.  ^  digestion ;  boilings  decoction.  Pos- 
sible injury  to  some  constituents  by  heat,  or  evaporation  of  a  con- 
stituent or  of  the  solvent,  are  objections  to  the  application  of  heat  in 

(c)  Time :  the  longer  the  belter. 

(d)  Menstruum.     This   must   be   adapted   to   the   drug. 
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This  process  of  maceration  is  the  one  almost  exclusively  employed 
in  Europe ;  and  it  offers  certain  advantages,  not  the  least  being  its 
simplicity  and  the  constant  results  which  it  gives.  Its  main  disad- 
vantages are  the  required  time  and  the  loss  of  the  extract  retained  in 
the  insoluble  residue  or  "  marc."  Certain  drugs  are  physically  unfit 
for  percolation,  since  the  moistening  causes  them  to  form  into  a  tough 
mass,  as  good  as  impenetrable  to  the  solvent. 

The  loss  of  menstruum  does  not,  of  course,  weigh  when  an  aqueous 
solvent  is  used  and  only  small  quantities  are  prepared.  Hence  macera- 
tion is  used  in  making  infusions  and  decoctions. 

Infusions  are  made  by  pouring  boiling  water  upon  the 
drug  {in  coarse  powder),  letting  it  stand  for  half  an  hour, 
and  straining.  The  usual  proportion  is  i :  20.  In  decoc- 
tions, the  drug  is  boiled  for  a  quarter  of  an  hour  in  a  cov- 
ered vessel  with  water  (1:20),  allowed  to  cool,  strained, 
and  diluted  to  20.  These  preparations  do  not  keep.  To 
secure  preservation,  acetic  acid,  glycerin,  sugar,  or,  most 
commonly,  alcohol  is  added.' 

Percolation  consists  in  passing  a  solvent  through  a  thick 
layer  of  the  powder  to  be  exhausted.  This  exposes  a  large 
surface  of  the  latter;  the  nearly  saturated  solvent  flows  off 
and  fresh  tinsaturated  portions  continuously  replace  it,  in- 
suring very  rapid  solution.* 

The  principle  of  the  method  is  to  pack  the  powder  into  a 
tall  vessel,  with  an  openii^  at  the  bottom,  and  to  let  the 
solvent  trickle  through  it.  Usually  the  process  is  combined 
with  a  short  previous  maceration. 

The  details  are  as  follows: 

The  powder  (the  fineness  of  which  depends  upon  the  nature  of  the 
drug  and  is  directed  for  each  case  by  the  Pharmacoptxia)  is  moistened 
tn  a  jar  with  some  of  the  menstruum.  This  moistening  is  for  the 
purpose  of  swelling  the  drug,  for  if  this  took  place  in  the  percolator, 
the  drug  would  become  so  firmly  impacted  that  the  menstruum  could 
not  penetrate  through  it;  or  it  could  even  burst  the  percolator.  The 
moistened  powder  is  then  passed  through  a  coarse  sieve  and  trans- 
ferred to  the  prepared  percolator,  which  it  should  fill  about  two- 
thirds. 

The  choice  of  the  shape  of  the  percolator  depends  upon  the  nature 
of  the  drug.  Should  the  drugs  have  a  tendency  to  swell,  particularly 
if  they  are  in  fine  powder  or  if  weak  alcohol  menstruum  is  used,  a 

■  Tbc  amount  of  ^jrcscrratiTE  wbich  muet  be  idded  to  ■  prcpantlon  to  in' 
•un  iti  keeping  quilitie.:  must  varj  witb  ill  nature,  and  in  tbe  same  direc- 
tion ai  the  amount  of  •'  eiirattive,''  The  proportions  generallj'  necesMrr  are: 
AkHAol,  »  to  25%;  glvcerin,  ,a%:  lugar,  66  Gm.  to  iw  c  c  of  finiahed  pro- 
dnct.    Alcohol,  aorf  +  glycerin,   s%- 

*Tbe  U.  S.  Phsrmaeopceia  define*  percolation  »  consialins  in  "  iubieclinB 
a  snbatance  or  a  miiturc  of  aubttancea.  in  powder,  contained  in  a  vessel  called 
a  percolator,  to  the  solvent  action  of  successive  porlion*  of  a  certain  men- 
siman.  in  such  a  manner  th»i  ihe  liquid,  as  it  traverses  (be  powder  in'  its  de- 
■cent  to  (be  receiver,  shall  be  charged  with  the  soluble  portion  of  it,  and  pass 
from  Ibe  percolalor  free  from  insoluble  mailer." 
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conical   percolator  is  employed:    otherwise,  the  cylindrical.    The  size 
corresponds  to  the  quantity  of  the  powder. 

The  percolator  is  prepared  in  the  following  manner  (Fig.  40)  :    Into 
the  small  end  there  is  inserted   a  cork  perforated  by  a  short  glass 
tube  which  projects  about  i  cm.  inside  the  percolator.    The  outer  end 
of  this  tube  is  attached  to  a  piece  of  rubber  tubing,  about  one-fourlh 
longer  than  the  percolator,  and  this  to  a  U-shaped  glass  tube.    This 
is  held  to  the  percolator  by  a  rubber  band  in  such  a  way  that  it  can  be 
raised   and    lowered.    The    percolator    is    then    set   in    the    stand.    A 
pledget   of   absorbent   cotton    is   loosely    packed    in   the   neck    of  the 
percolator,   and    this   is   covered   by   a   layer   of   clean   sand,   and   over 
this  goes  a  well-fitting  disk  of  filter-paper.    Then  the  moistened  drug 
is  pressed  in  —  and  this  is  the  part  of  the  process  which  requires  the 
greatest  skill   and  judgment,  and  on   it  depends   the   success   of  the 
product.    It   should    be    done    very  evenly,  else   the   menstruum    will 
choose  the  path  of  least  resistance  and  some  portions  of  the  powder 
will  be  entirely    exhausted   whilst   others   are   still   scarcely  affected. 
The  firmness  of  the  packing  is  also  of  great 
importance ;    if   not    firm    enough,   the    men- 
struum will  run  through  too  rapidly  and  the 
percolate  will  consequenlly  be  weak.     If  too 
firm,  it  can  not  run  at  all ;  and  if  any  swelling 
occurs,  the  percolator  will  be  broken.     Drugs 
in    coarse    powder    should    be    packed    more 
firmly     than     fine     powders.     An     alcoholic 
menstruum   requires   firmer   packing   than   3 

The  |>acking  being  completed,  the  men- 
struum is  poured  on  until  it  stands  an  inch 
or  two  above  the  drug;  the  percolator  is 
then  covered  and  set  aside  for  maceration 
for  a  specified  time,  ^e  tube  being  raised  so 
Ulion  (Thornion).  '    *''^^    ""    liquid    flows    OUt.     When    the    time 

of  maceration  is  completed,  the  tube  is  low- 
ered and  fixed  at  sitch  a  level  that  the  outflow  occurs  at  the  rate  of 
2  to  15  drops  per  minute.  New  menstruum  is  poured  on  in  the  meas- 
ure that  the  old  flows  out.  Care  should  be  taken  to  always  maintain, 
the  layer  of  liquid  above  the  powder ;  else  cracks  may  appear  in  the 
latter,  necessitating  repacking. 

The  process  is  continued,  in  the  case,  of  tinctures,  until  a  certain 
volume  of  percolate  is  obtained.  The  quality  of  the  percolate  will,  of 
course,  depend  upon  the  care  and  skill  of  the  operator,  and  the  product 
is  apt  to  vary.     Maceration   would,  therefore,   be   a   better  process  for 


This  difficulty  is  avoided  in  the  case  of  extracts,  for  here  the  per- 
colation is  continued  "  until  the  drug  is  exhausted  '' ;  1.  e.,  until  the 
active  ingredients  have  become  completely  dissolved  out.  This  is 
recognized  by  testing  the  last  portions  of  the  percolate  in  the  appro- 
priate manner,  such  as  Mayer's  reagent  for  alkaloids,  water  for  resins, 
etc.  It  may  here  be  remarked  that  a  drug  is  usually  more  rapidly 
exhausted  of  its  active  ingredients  than  of  its  coloring-matter,  so 
that  the  last  portions  of  percolate  may  be  colored  and  yet  devoid  of 
activity. 

The  choice  of  a  menstruum  must  be  determined  by  the  nature  of 
the  constituents.  The  object  is,  to  extract  all  the  active  ingredients 
and  the  minimum  of  inactive.  Alkaloids  and  resins  require  strong 
alcohol ;  gums,  weak  alcohol ;  licorice,  alkaline  alcohol ;  sanguinaria 
and  ergot,  acidified  alcohol ;  gentian  and  quassia,  water  plus  alcohol 
enouRh  to  keep. 
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The  most  tueftil  pharmaceutii:  iolvents  are  the  following: 

Water  or  Glycerin. —  Dissolves  salts  (including  those  of  alkaloids), 
sugar,  gums,  tannin,  acids,  and  alkalies,  etc. 

Dilute  Acetic  Acid. —  Especially  for  alkaloids. 

Alcohol. —  Dissolves  alkaloidal  salts,  neutral  principles,  resins,  vola- 
tile oils.     Precipitates  gums  and  most  inorganic  salts. 

Elhtr,  Chloroform,  Acetone, —  Dissolve  free  alkaloids,  neutral  prin- 
ciples, resins,  volatile  and  fixed  oils,  and  fats. 

Petroleum    Benzin. —  Solvent    properties    as    the    preceding,    except 

Aromatic  Spirits  of  Ammonia. —  Dissolves  resins  and  organic  acids. 

In  the  case  of  very  volatile  metuirua,  such  as  ether,  chloroform,  or 
petroleum  ether,  some  means 
must  be  employed  to  collect 
and  return  the  evaporated 
solvent  One  of  the  best  ap- 
paratus of  this  kind  is  that 
of  Soxhiet  (Fig.  41). 

Expressio  n, — The 

process  of  separating  a 
liquid  from  a  solid  by 
pressure. 

Its  principal  employment  in 
pharmacy  is  for  the  recovery 
of  tinctures  from  the  "  marc  ' 
1.  e.,  the  liquid  retained  by 
the  drug  residue  after  mac- 
eration and  percolation.  It  is 
also  a  process  of  separating 
fixed  oils. 

The  drug  is  put  in  a 
coarse  strong  cloth  and  sub-  Fig.    41.—  Soxhlei    »iractor:    A,    cirt. 

jected  to  pressure  in  a  press.  H''"i,"*  ^'"'"  ""*''  *'"'  '"''"""s  ">«  powder: 
These  are  of  various  pat-  Si,h  ,  ^^(.^11?  r^' "X" '  coni™"*^ 
'— --  '--r,  hydra'- 


or  centrifugal.  The  pressure  must  be  applied  gradually  to  prevent  the 
bursting  ot  the  cloth.  Small  quantities  can  often  be  pressed  suffi- 
ciently liy  putting  them  into  a  cloth  and  tightly  twisting  the  end. 

Strainine  or  Colation. —  The  process  of  separatin^^  solid 
coarse  particles  from  a  liquid  by  pouring  it  through  a  cloth 
or  strainer. 

Filtration, —  The  process  of  separating  solid  particles 
(fine  or  coarse)  from  a  liquid  by  pouring  it  through  a  finely 
porous  material,  such  as  filter-paper. 

The  usual  material  for  filtration  is  pure  unsized  paper,  "filter~ 
paper,"  which  is  made  of  various  grades, —  white  and  gray, —  and  of 
varying  texture  and  thickness  according  to  the  purpose  for  which  it  is 
to   be   used. 

There  are  two  principal  methods  of  folding  a  filter  —  plain  and 
plaited   (see  Exercise  7). 

These  two  filters  have  different  uses.  The  plaited  filter  offers  a  much 
larger    surface  for  filtration  and   is  therefore  more  rapid ;   it  is  the 
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form  usually  employed  in  pharmacy.  The  plain  filter,  on  the  other 
hand,  facilitates  washing  and  removal  of  the  precipitate,  and  is  of 
more  frequent  use  in  chemistry. 

The  creases  should  not  be  carried  sharply  to  the  point,  but  should 
be  quite  light  J4  to  >^  inch  from  the  end,  to  prevent  breaking. 

The  liquid  should  be  poured  in  cautiously,  so  as  to  fall  about  the 
outer  third  of  the  surface  of  the  liquid :  if  poured  at  the  center,  the 
momentum  is  apt  to  break  the  point  of  the  filter ;  if  poured  loo  near 
the  edge,  it  is  apt  to  get  outside. 

Filtration  may  often  be  hastened  by  the  use  of  a  vacuum  apparatus. 
(Fig.  33,  p.  4&) 

Other  materials  are  sometimes  employed  instead  of  paper.  A  very 
useful  filter  for  large  quantities  of  liquid  is  made  from  felt.  A  plug 
of  glass-wool  or  asbestos  placed  in  the  lube  of  the  funnel  is  especially 
useful  for  strong  acids  or  alkalies.  A  cell  of  porous  clay  is  also  em- 
ployed, as  in  the  various  forms  of  the  Chamberland  filter.  With  this 
a  vacuum  is  indispensable. 

Another  process  of  frequent  use  in  the  separation  of 
crystalloids  from  colloids  is  dialysis. 

When  water  is  added  10  an  aqueous  solution  of  any  substance,  the 
dissolved  molecules  will  tend  to  distribute  themselves  evenly  through- 
out the  liquid.  This  diffusion  will  occur,  in  the  case  of  crystalloids, 
even  when  the  solution  is  separated  from  the  water  by  a  parchment 
membrane,  fn  oiher  words,  the  crystalloid  molecules  pass  freely 
through  the  pores  of  the  membrane  under  the  given  conditions.  Col- 
loids, such  as  proieids,  sums,  gelatin,  etc.,  on  Ihe  other  hand,  do  not 
pass  through,  so  that  this  gives  a  method  for  separating  these  two 
classes  of  substances.  The  most  useful  form  of  dialyzer  is  furnished 
by  a  parchment  Cube  containing  the  solution  and  suspended  in  a  vessel 

Decolorizatlon.—  It  is  often  desirable  to  remove  the  coloring- 
matter  from  a  solution.  This  may  sometimes  be  accomplished  by 
choosing  appropriate  solvents.  More  often,  however,  the  solution  is 
filtered  through  recently  calcined  animal  charcoal.  This  very  often 
retains  some  of  the  active  constituents  as  well  as  the  coloring- matter. 

Clarificatian. —  The  process  of  rendering  turbid  mixtures  clear  and 
transparent,  by  removing  the  suspended  solid.  Wlien  filtration  does 
not  suffice,  the  object  is  accomplished  by  agitating  the  mixture  with 
insoluble  powders  (talcum,  phosphate  of  lime,  aluminum  hydrate)  or 
by  adding  egg-albumen  and  boilmg;  or  sometimes  by  the  centrifugal 
machine. 


CHAPTER  IV. 


(A)    SPECIAL   PHARMACEUTIC 
PREPARATIONS.^ 

The  Pharmacopoeia  divides  its  preparations  into  certain 
definite  classes,  established  by  long  usage,  such  as  Waters, 
Spirits  Tinctures,  Extracts,  Pills,  Plasters,  Ointments,  etc. 
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This  classification  will  be  retained.  The  classes  will  be 
discussed  as  regards  their  definition;  reason  of  existence; 
some  general  notion  of  the  manner  of  preparation ;  the 
strength  of  their  most  important  members. 

For  convenience  of  study,  it  is  customary  to  combine 
these  classes  into  larger  groups.  In  doing  so  we  shall  not 
bind  ourselves  to  any  definite  or  arbitrary  scheme,  but  shall 
use  now  one,  now  another  character,  as  they  may  seem 
important. 

Liquids  may  be  classified  by  the  nature  of  the  solvent 
whether  aqueous,  alcoholic,  or  other. 

TABLE  III  — SCHEMA  OF  SOLUTIONS  AND  EXTRACTS.' 
I.  SoLimoNs    Proper. —  (o)  Aqueout:  AquEB. 

Liquores. 
Mucilagines. 
(6)   Alcoholic:  Spiritus. 

(c)  Other  menitrva:  Glycerita   (Glycerina, 
B.  P.). 


well  as  liqaid).-  j  (^j   Alcoholic:  Tinctur*. 


Liquores  concentrati  (B 

P.). 
Fluidextracta     (Extracta 

liquida,    B.  P.). 
Extracta. 


(Sacchar- 


ic) Oiker  menstrua:  Syrupi. 

Elixiria. 
Metlita, 
Oxymellita 
(B.P.). 
Confectiom 
(solid). 
Here  may  be  inserted:  Aceta  (vinegar). 

Oleoresina  (acetone). 
Vina  (wine). 


WATERY  SOLUTIONS. 
Their  advantage  lies  in  the  fact  that  water  is  a  cheap  solvent  of 
very  wide  applicability,  itself  devoid  of  any  therapeutic  property.  In 
the  case  of  substances  which  are  insoluble  in  it,  it  cannot  of  course 
be  employed.  The  greatest  drawback  lies  in  the  fact  that  watery  solu- 
tions of  organic  substances  do  not  keep.    If  the  quantity  of  organic 

'The  Mudent  thonld  lorn  to   djstinguiih  dearly  between   these  preparation*. 
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matter  is  small,  fungoid  growths  develop;  if  large  and  proleids  are 
present,  infusoria  are  also  frequent.  Solutions  of  chemic  substances 
are  less  subject  to  this  change,  as  they  do  not  furnish  a  pabulum,  and 
are  often  themselves  antiseptic. 

1.  Aqnc  (Waters). —  Clear  aqueous  solutions  of  volatile 
substances.  Two  very  dissimilar  classes  of  preparations 
come  under  this  heading: 

(a)  Flavored  Waters. —  Extremely  weak  but  saturated 
solutions  of  almost  insoluble  organic  substaiKes,  for  the 
most  part  essential  oils.  These  are  alone  included  under 
Aquse  in  the  B.  P. 

The  quantity  of  active  substance  in  them  is  just  large  enough  to  give 
them  a  pleasant  flavor  without  imparting  to  them  any  noticeable 
therapeutic  properties.  The  absence  of  alcohol  makes  them  good 
solvents  for  salts,  which  are  generally  insoluble  in  this  liquid.  Hence 
their  main  use  is  as  a  pleasant  vehicle  (a  vehicle  being  the  substance 
which  serves  lot  the  conveyance  of  another  substance).  Dose  prac' 
tically  ad  libitum. 

(&)  Solutions  of  Chemic  Gases. —  Strong  and  with  dis- 
tinct therapeutic  properties.  Their  dose  is  usually  a  few 
drops.  (In  the  British  Pharmacopoeia  these  come  under 
the  heading  of  Liquores). 

Preparation  of  first  class:  These  are  prepared  either  by 
distillation  or  by  trituration ;  Aq.  Creosoti  and  ChlotX)formi 
by  shaking. 

In  the  method  of  trituration,  the  object  is  to  distribute  the  oil  as 
finely  as  possible,  by  the  intervention  of  some  inert  and  insoluble 
foreign  substance,  so  as   to   facilitate  solution.    Talcum  or  shredded 

filter-paper  may  be  used  for  this  purpose.-  They  may  also  be  prepared 
by  shaking  with  hot  water  or  by  distillation.  The  preparation  of 
Aqua  Mentha  Piperitje  exemplifies  the  typical  U.  S.  P.  method: 
Triturate  2  c.  c  of  oil  of  peppermint  with  ig  Gm,  of  purified  talc, 
gradually  add  i,ooo  c.  c.  of  distilled  water  wi^  continued  trituration, 
filter,  and  pass  the  filtrate  through  the  filter  repeatedly  until  the 
Peppermint  Water  is  perfectly  clear. 

Waters,  as  a  rule,  do  not  keep  well.  Their  keeping  qualities  may 
be  improved  by  adding  to  them  some  of  the  oil  of  which  they  are  solu- 
tions. This  floats  on  the  surface,  and  in  this  way  excludes  air  and 
bacteria,  and  at  the  same  time  insures  permanent  saturation. 

PreporalioH  of  Second  Class. —  The  second  dans  is  prepared  by 
passing  the  gas  through  water.  The  quantity  of  dissolved  gas  is  then 
tested  by  chemic  assaying  and  the  solution  standardized. 

The  U.  S.  P.  recoftnizes  three  waters'  of  this  class  (Ammonii, 
Amraon.  fortior,  and  Hydrogenii  Dioxidi) ;  and  ten  flavored  waters. 
The  total  number  of  official   waters  is   17.     Aq.   Haroamelidis   {Witch- 
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2.  liqoom. —  Aqueous  solutions  of  solid  chemic  salts 
or  hydrates,  made  either  by  directly  dissolving  the  pure  salt 
in  water  by  trituration  or  heat ;  or,  more  often,  by  chemic 
decomposition  (simple  and  chemic  solution).  (The  British 
Pharmacopoeia  includes  solution  of  gases  and  alcoholic 
solution  of  fixed  substances  under  this  heading). 

Many  have  antiquaied  namet: 

SpiriL  Mindererus  ^Liquor  Ammonij  Acetatis. 


Afsenii  et  Hydrargyri  lodidi. 
lodi  Compositus. 
Plurnbi  Subacetatis. 

Dilutus. 
Sodii  Silicatis. 
Ferri  et  Ammonii  Acetatis. 
Ferri  SubsuiphaiU. 
Magnesii  Citratis. 
Potassii  Arsenitis. 
Sodx  Chlorinatie. 


Ekino van's  Solution 
Lugol's  Solution 
Lead  Water 
Goulard's  Extract 
Water  Glass 
Basham's  Mixture 
Monsel's  Sol u lion 
Effervescent  Ma^esia 
Fowler's  Solution 
Labarraque's  Solution 

Their  use  consists  mainly  in  the  convenience  of  measuring  the  rela- 
tively large  volumes  of  the  solution  against  weighing  the  small  quan- 
tity of  salt.  Water  is  chosen  as  the  solvent  because  salts  are  but 
little  soluble  in  alcohol,  and  because  the  therapeutic  qualities  of  the  lat- 
ter are  not  desired. 

Solutions,  when  used  for  special  purposes,  receive  special  names, 
thus:  Injectiones  (Hypodermics;  Urethrales),  Collyria  (Eye- 
waters), Lotiones    (Washes),  Gargarismae    (Ga:^les),  etc. 

The  U.  S.  P.  contains  25  Liquorcs.  The  strength  of  the  following 
is  important : 

U.  S.  P. —  All  liquors  containing  arsenic,  1%:  Liq.  Ferri  Chtoridi. 
nearly  3Q%  FciCU;  Liq.  Plumbi  Subacetatis,  25%;  Liq.  Plumb.  Subac. 
Dil.  ^% ;  Liq.  lodi  Comp,,  Liq.  Potassii  Hydroxidi,  and  Liq.  Sod. 
Hydrox,  5%. 

B.  P. —  All  liquors  containing  arsenic,  1%;  Liq. Ferri  Perchloridi, 6% 
Fe;  Liq.  Fer.  Perchlor.  Fortis,  22^%  Fe;  Liq.  lodi  Fortis,  14%; 
Liq.  Plumbi  Subac.  Fortis,  25% ;  Dilutus,  J^% ;  Liq.  Potass,  or  Sodae, 
5% ;  Liq.  Atropinx  Sulph.,  Liq.  Morph.  Acet.  or  Hydrochloratia,  and 
Liq.  Strychn.  Hydrochlor.,  1%. 

Injeotionea  Hypodermice  (B.P.)  are  strong  watery  solu- 
tions of  active  drugs,  intended  for  subcutaneous  adminis- 
tration. They  are  sometimes  preserved  sterile  by  the  ad- 
dition  of  carbolic  or   salicylic   acid.     Dose,   to    10  min. 

(B.p;). 

The  following  are  official  (B.P.)  : 

Injectio  Apomoiphinae  Hypoder-  Injectio  Ergotae  Hyp.,  30%  of  ex- 
mica,  1%.  tract. 

Injectio  Cocaina:  Hypodermica,  Injectio  Morphina  Hyp.,  1%  of 
10%.  tartrate. 
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3.  HvoUaginea. —  Aqueous  solutions  of  gummy  sub- 
stances.    Four  are  official. 

Since  gums  are  insoluble  in  alcohol,  mucilages  are  incompatible 
with  this  substance.  They  should  be  recently  ptepared  because  ihey 
are  very  apt  to  mold.  They  are  made  by  either  hot  or  cold  process: 
the  former  being  solution  by  heat,  the  latter  by  percolation.  Heat 
should  be  used  only  when  necessary  (tragacanth),  as  it  usually  causes 
discoloration  of  the  product. 

ALCOHOLIC  SOLUTIONS. 

Alcohol  is  a  specific  solvent  of  certain  substances  (vola- 
tile oils,  alkaloids,  resins).  In  prescribing,  avoid  mixing 
these  with  an  aqueous  solution. 

Further,  alcohol  is  a  good  preservative;  but  it  has  dis- 
tinct therapeutic  qualities,  which  may  or  may  not  be  useful. 

4.  Spiriti. —  Alcoholic  solutions  of  volatile  drugs.  They 
are  all  fairly  strong.  Twenty  are  official,  eight  of  these 
being  used  solely  as  flavors. 

As  in  Aqux  we  have,  as  to  preparation:  Simple  solution;  dittilla- 
tioH  (liqueurs  and  strong  "liquors");  chemic  decomposition  (spiritus 
getheris  nitrosi). 

5.  Glyuerita  (Glycerina,  B.P.). —  Solutions  in  glycerin. 
Glycerin  has  good  solvent  power  for  many  substances. 
It  keeps  well,  and  is  useful  especially  for  external  applica- 
tion on  account  of  its  adhesiveness.  Glycerin  is  also  less 
irritant  than  alcohol  and  devoid  of  the  pharmacologic  ac- 
tion of  the  latter  agent.     Six  glycerites  are  official. 

6.  Oleata. —  Solutions  of  bases  (metallic  or  alkaloidal)  in 
oleic  acid.  They  are  not  definite  chemic  compounds,  as  the 
name  would  imply.  The  rationale  of  their  use  is.  that  a 
substance  is  not  absorbed  by  skin  from  aqueous,  but  from 
oily  solutions.  Many  substances,  again,  are  not  soluble  in 
oils,  but  dissolve  in  oleic  acid.  The  oleates,  therefore,  con- 
stitute a  useful  class  of  preparations  when  it  is  desired  to 
secure  the  absorption  of  a  drug  through  the  skin.  Many 
are  diluted  with,  olive  oil.  Five  are  official  —  four  being 
oleates  of  alkaloids,  the  fifth  of  mercury. 

7.  Collodia —  Solutions  of  gun-cotton  in  ethereal  fluids. 
By  the  evaporation  of  the  solvent  they  form  a  film  on  the 
skin,  and  thus  act  like  plasters.  Collodia  must  not  be 
brought  near  fire.     Five  are  official. 
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The  base  is  collodion :  This  is  made  by  dissolving  pyroxylin,  4 
parts,  in  a  mixture  of  75  parts  of  ether  and  25  parts  of  alcohol. 

Pyroxylin  is  prepared  by  the  action  of  HNO,  on  cellulose  (cotton) 
in  the  presence  of  H,SO..  This  may  result  in  a  number  of  substitu- 
tion products,  of  which  tetranitrocellulose,  CuHi.(0N0i),0h  is  offi- 
cial   Hexacellulose  is  the  explosive. 

SOLUTIONS  MADE  BY  EXTRACTION. 

8.  Infnsiotu. —  Aqueous  solutions  of  the  soluble  princi- 
ples of  vegetable  drugs,  obtained  by  brief  maceration  in 
hot  or  cold  water. 

9.  Deoootiona. —  Infusions  in  which  the  ingredients  have 
been  boiled  with  water  for  at  least  fifteen  minutes. 

Infusions  and  decoctions  are  especially  useful  when  it  is 
wished  to  extract  some  principle  which  is  more  soluble  in 
water,  or  when  the  therapeutic  effect  of  alcohol  or  the 
mechanical  incompatibility  of  alcohol  with  salts  is  to  be 
avoided.  There  are  some  inconveniences  connected  with 
their  use:  They  take  a  long  time  to  prepare.  Like  all 
watery  solutions,  they  spoil  quickly,  and  must,  therefore, 
be  made  fresh.  The  decoction  can  only  be  used  if  there 
are  no  delicate  constituents  to  be  destroyed  by  boiling. 

The  solvent  being  so  very  cheap  and  having  no  action,  it 
is  usual  to  make  decoctions  considerably  weaker  than  tinc- 
tures. In  prescribing  infusions  or  decoctions  of  potent 
drugs,  the  proportion  should  always  be  stated  by  the  pre- 
scribes 

When  not  specified,  the  strength  should  be  5%,  and  the  process  as 
follows: 

Infusa. —  i/xio  e.  C.  of  boiling  water  are  poured  on  50  Cm.  of  the 
coarsely  comminuted  substance,  the  vessel  is  covered  tightly,  and 
allowed  to  stand  for  half  an  hour  in  a  warm  place.  It  is  then  strained 
with  expression,  and  enough  water  is  poured  through  the  strainer  to 
make  the  infusion  measure  1,000  c.  c. 

Decocta. —  50  Gm.  of  the  coarsely  comminuted  substance  and  1,000 
cc.  of  cold  water  are  boiled  in  a  covered  vessel  for  IS  minutes,  cooled 
to  about  40°  C,  strained  and  exoressed,  and  cold  water  added  through 
the  strainer  to  make  the  decoction  measure  1,000  c.  c. 

Three  infusions  are  official  (Infusum  Digitalis,  Pruni  Virginians, 
and  Sennx  Compositum).  These  are  all  exceptions  to  the  5%  rule. 
The  U.  S.  P.  does  not  name  any  decoctions.  The  dose  of  non- 
poisonous  infusions  and  decoctions  lies  between  15  and  t20  c.  c.   iyi 

10.  Tinctnne. — Alcoholic  or  partly  alcoholic  solutions  of 
the  useful  constituents  of  such  drugs  as  are  not  wholly 
soluble  in  the  menstruum. 
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Exceptions  to  this  definition  are  tincture  of  iodin,  tinc- 
ture of  chlorid  of  iron,  and  tincture  of  tolu,  in  which  the 
solution  is  complete, 

Six^-six  tinctures  are  official.  They  are  all  weaker  than  fluid- 
extracts,  their  strength  varying  from  04%  to  50%.  Until  the  last 
revision  of  the  U.  S.  P.,  the  strength  of  the  tinctures  was  quite  arbi- 
trary. In  conformity  with  the  recommendation  of  the  "  Conference 
Internationale  pour  1' Unification  de  la  Formule  des  Medicaments 
Heroiques,"  held  in  Brussels  in  September,  1902,  the  strength  of  all 
potent  tinctures  has  been  placed  at  10%.  This  should  be  renrfmbered 
especially  for  Tr.  Aconit:  and  Tr.  Veratri.  The  other  tinctures  have 
also  for  the  most  part  been  adjusted  to  either  10%  or  20%:  25  of  the 
ofljcial  tinctures  have  a  strength  of  10% ;  26  of  20% ;  a  few  unim- 
portant of  50%  and  5%.  The  important  exceptions  are:  Tr.  Ferri 
Chlor.,  13.28%;  lodi,  7%;  Opii  Camphor.,  0.4%. 

The  tinctures  are  in  many  respects  the  most  useful  therapeutic 
preparations:  The  dose  is  relatively  large  and  uniform  (about  4  c.  c. 
for  the  non-toxic)  ;  the  quantity  of  solvent  is  sufficiently  large  to  keep 
the  principles  in  solution ;  xhe  use  of  heat  in  the  preparation  is 
avoided. 

The  greater  number  of  tinctures  are  prepared  by  percolation ;  a  few 
by  maceration.  The  menstruum  is  alcohol  or  alcohol  and  water; 
glycerin  is  added  in  a  few  cases ;  Tr.  Sanguinarix  contains  some  acetic 
acid.  Aromatic  Spirits  of  Ammonia  is  used  in  the  ammonialed  tinctures 
{Tr.   Guaiaci   Amm.  and   Tr.   Valerian   Amm.   being  official). 

The  manufacture  of  tinctures  is  illustrated  by  Tinctura  Digitalis: 
Moisten  100  Gm.  of  Digitalis  in  No.  60  powder  with  40  C.  c.  of  Di- 
luted Alcohol,  transfer  it  to  a  percolator,  and,  without  pressing  the 
powder,  allow  it  to  stand,  well  covered,  for  6  hours;  then  pack  it  firmly 
and  pour  on  enough  Diluted  Alcohol  to  saturate  the  powder  and  leave 
a  stratum  above  it.  When  the  liquid  besrins  to  drop  from  the  percola- 
tor, close  the  lower  orifice,  and,  having  closely  covered  the  percolator, 
macerate  for  24  hours.  Then  allow  the  percolation  to  proceed  slowly, 
pouring  on  sufficient  menstruum  to  obtain  1,000  c,  c.  of  Tincture. 

Detannaled  Tinctures  are  tinctures  from  which  the  tannin  has  been 
removed  (as  by  powdered  skin).  They  do  not  precipitate  with  iron 
salts. 

Ethereal  Tinctures  are  made  with  ethereal  spirit,  a  mixture  of  seven 
parts  of  ether  and  three  parts  of  alcohol. 

Since  some  drugs  are  supposed  to  lose  part  of  their  activity  by  drying 
and  keeping,  a  class  of  tinctures  made  from  the  freshly  collected  green 
drugs  has  been  introduced  under  the  name  of  Tinctura  Herbtmtni 
Reeenlium.  These  preparations  are  not  at  all  popular ;  in  fact,  almost 
unused  and  justly  so.  They  are  of  very  inconstant  strength,  since 
the  natural  moisture  of  plants  is  variable.  Again,  they  can  only  be 
prepared  in  the  localities  where  the  plants  are  native  and  where  there 
often  are  no  reliable  facilities  for  their  manufacture.  These  remarks 
apply  equally  to  Sued  of  the  British  Pharmacopeia,  made  by  using 
one  pari  alcohol    and  three  parts  of  the   freshly  expressed  juice. 

The  directions  of  the  U.  S.  P.  are  to  macerate  500  Gm.  of  the  fre^ 
herb  with  1,000  c.  c.  of  alcohol  for  fourteen  days,  to  express  and 
filter. 

11.  WineB  are  tinctures  in  which  wines  have  been  substi- 
tuted for  alcohol.  They  have  a  more  pleasant  taste,  but 
inferior  keeping  qualities. 
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Ten  vina  are  official,  including  plain  white  and  red  wine.  The  nied' 
icated  wines  are  generally  mixtures  of  fluid  extracts  with  white  wine; 
sufficient  alcohol  being  added  to  insure  preservation.  Vin.  Cocse  is 
prepared  with  red  wine.  The  potent  wines  contain  10%  of  the  drug, 
like  the  tinctures. 

Aceta  are  medicated  vinegars,  prepared  by  maceration  with  dilute 
acetic  acid.    Two  are  official,  Opti  and  Scillse.    Both  contain  10%. 

12.  Pluidextracta  ( fluidextracts,  U.S.P.;  liquid  extracts. 
B.P.)  may  be  defined  as  fluid  alcoholic  or  acetic  prepara- 
tions of  v^etable  drugs,  of  such  strength  that  i  c.c.  contains 
the  active  ingredients  of  i  Gm.  of  the  drug. 

Eighty-five  of  these  fluidextracts  are  official.  They  are  the  most 
concentrated  fluid  preparations,  with  the  consequent  advantage  of 
small  dosag&  Their  uniform  strength  is  chiefly  of  pharmaceutic  im- 
portance.' 

On  the  other  hand,  the  heat  which  must  necessarily  be  used  in  their 
preparation  is  never  beneficial.  On  accoiml  of  their  concentration, 
precipitates  are  apt  to  form  on  standing,  and  while  these  are  often 
inactive,  they  may  contain  the  active  principles.  They  are  also  much 
more  subject  to  precipitation  on  mixture  with  other  liquids,  and  the 
dose  is  usually  so  small  that  they  require  some  such  admixture, 

Fluidextracts  are  prepared  by  percolation,  the  first  four-fifth  of  the 
percolate  being  set  aside,  the  remainder  evaporated  to  the  consistency 
of  a  soft  extract,  dissolved  in  the  reserved  portion,  and  menstruum 
added  to  make  the  required  volume. 

Ftuidexiractum  Aconili  is  typical :  mix  750  c.  c,  of  Alcohol  with  250 
c.c.  of  Water.  Moisten  1,000  Gm.  of  Aconite  in  No.  60  powder  with 
400  c.c.  of  the  mixture,  pack  firmly  in  cylindrical  percolator;  proceed 
as  usual  (see  Tinctures),  macerating  for  48  hours,  then  percolating 
slowly,  until  the  Aconite  is  exhausted. . 

Reserve  the  first  800  c.  c.  of  the  percolate,  and  evaporate  the  re- 
mainder, in  a  porcelain  dish,  at  a  temperature  not  exceeding  50°  C,  to 
a  soft  extract ;  dissolve  this  in  the  reserved  portion,  mixing  thoroughly. 
Assay  the  preparation  and  add  enough  menstruum  so  that  I  c.  c.  of 
the  finished  fluidextract  contains  0.004  (jtn.  of  aconitin,  corresponding 
to  I  Gra.  of  Aconite. 

The  menstrua  of  fluidextracts  of  Lobelia,  Sanguinaria,  and  Scilla 
consist  of  diluted  acetic  acid.  All  other  fluidextracts  are  prepared 
with  alcohol  or  alcohol   and  water,  sometimes   with  the  addition  of 


glycerin.    Conium,  Ergot,  and   Nux  Vomica  contain  a  small  s 

of  acetic  acid ;    Senega  some  pot   hydroxid ;   Taraxacum  some    sod. 

hydroxid ;  and  Glycyrrhiia  some  ammonia. 

Liquorfs  concentrati  (B.  P,)  are  more  concentrated  than  the  tinctures, 
but  weaker  than  fluidextracts. . 

13.  Extracta,  solid  extracts,  must  not  be  confused  with 
the  fluidextracts.  They  are  solid  or  semisoHd  preparations 
obtained  by  evaporation  of  solutions  of  the  medicinal  prin- 
ciples of  drugs. 
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Twenty;eight  of  these  are  official.  They  are  convenient  for  admin- 
istration in  solid  form,  e.  g.,  in  pills,  ointments,  plasters,  etc.  AH  the 
potent,  and  most  of  the  other,  extracts  are  adjusted  to  four  times  the 
strength  of  the  fluid  extracts,  with  the  following  important- exceptions: 
Ext.  Opii,  twice;  Ergots,  eight  limes;  Physostigmatis,  13  times,  the 
strength  of  fluidextracts. 

Some  of  the  solid  extracts  are  dry,  others  of  a  "  pilular  "  consistency, 
I.  e.,  Uke  a  pill-mass.  Ext,  Malti  is  of  the  consistency  of  thick  honey. 
Most  extracts  are  prepared  by  percolating  and  subsequent  evapora- 
tion; the  last  and  weaker  portions  of  the  percolate  being  evaporated 
first,  to  avoid  the  deleterious  actions  of  prolonged  heat  on  the  main 
porjiion.  Some  of  the  extracts  are  obtained  by  evaporating  the  fluid- 
extract.  The  menstruum  is  sometimes  water,  or  alcohol,  or  a  mixture 
of  bolh ;  acetic  acid  being  added  in  some  cases.  The  finished  product 
is  assayed,  if  possible,  and  adjusted  to  a  definite  standard  by  the  addi- 
tion of  sugar  of  milk. 

Abstracts,  now  obsolete,  were  adjusted  so  that  i  Gm.  equalled  2  Gms. 
of  drug. 

Inspissated  Juices  (extractura  viride,  B.  P.)  are  obtained  by  evap- 
orating the  expressed  juice  of  the  fresh  plant.    They  are  unimportant. 

ArtiAcM  resins  are  precipitates  obtained  by  mixing  alcoholic  solu- 
tions with  water.  Where  ihey  constitute  the  active  principle,  this  is 
a  convenient  method  of  isolating  it  in  a  concentrated  although  some- 
what impure  form.  Their  strength  is  fairly  constant.  They  are  prac- 
tically identical  with  the  eclectic  "  resinoids."  Three  are  ofiicial  (Re- 
sina  Jalapi,  Podophylli,  Scammonia). 

Oieoresina  are  extracts  containing  the  resinous  and  oily  constituents 
of  the  drug.  Six  are  official.  Five  of  these  are  obtained  by  evapora- 
tion of  the  acetone  percolate.    Oleores.  Cubebae  is  made  with  alcohol. 

14.  Syrups  are  dense  saccharine  solutions  of  medicinal 
substances. 

Simple  syrup  is  practically  a  saturated  solution,  and  con- 
tains 85  Gm.  of  cane-sugar  in  100  c.c.  Syrups  are  usually 
prepared  by  first  making  an  infusion,  and  dissolving  in  this 
the  sugar,  either  by  heat  or  by  percolation,  according  to 
whether  or  not  the  drug  is  injured  by  a  high  temperature. 
In  special  cases  modifications  may  be  introduced.  Honey 
is  sometimes  used  instead  of  cane-sugar,  making  a  class  of 
preparations  called  mcllita.  If  acetic  acid  is  added  to  this, 
we  have  oxymellUa.  Twenty-five  syrups  and  one  flavored 
honey  are  ofl^cial.  Some  syrups  are  prepared  by  mixing 
the  fluidextract  and  syrup. 

U.  Elutin  are  aromatic,  sweetened  spirits,  which  may  be 
medicated. 

They  are  very  useful,  since  they  combine  the  solvent  prop- 
erties of  alcohol  and  of  water,  and  are  very  agreeable  to  the 
taste.  The  most  useful  and  best  "aromatic  elixir"  is  fla- 
vored with  orange  peel,  lemon,  coriander,  and  anise.  Three 
elixirs  are  ofiicial :  two  of  these  are  vehicles  —  Aromatic 
Elixir  and  El.  Adjuvans.     The  latter  consists  of  aromatic 
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elixir  and  fluidext.  glycyrrhiza.  They  contain  about  2^% 
of  alcohol. 

Confectioiu  are  thick  medicated  jams. 

They  were  formerly  very  popular,  but  have  now  been 
almost  abandoned.  Electuaries  were  similar  but  somewhat 
thinner  preparations. 

16.  Hixtores,  in  the  wider  meaning  of  the  word,  are  fluids 
resulting  from  the  mixture  of  fluids  with  other  fluids  or 
with  solids.     They  comprise :  Linimenta,  Misturje,  Emulsa. 

If  they  are  intended  for  external  application  as  counter- 
irritants,  they  are  called  linimenti.  Eight  of  these  are 
official. 

Uixtnrea,  in  the  narrow  meaning  of  the  term,  are  gener- 
ally suspensions  of  a  solid  in  a  liquid,  sometimes  by  the  use 
of  a  gummy  substance ;  for  heavy  powders  cannot  be  evenly 
distributed  in  a  light  liquid  without  this  aid.  Four  are 
official. 

17.  Emolriona  are  mixtures  of  a  milky  appearance,  made 
by  suspending  fats,  oils,  or  resinous  substances  in  aqueous 
liquids  by  the  intervention  of  some  viscid,  usually  gummy, 
substance. 

Tbe  object  of  emulsification  is  to  break  up  the  insoluble  oil  into 
the  finest  particles  and  to  envelop  each  of  these  in  a  coating  of  the 
emulsifying  agent,  which  will  keep  them  from  reuniting.  This  allows 
of  dilution,  of  the  admixture  of  other  substances,  and  it  facililates 
absorption.  Milk  is  a  natural  emulsion  in  which  the  butter-fat  is  ke^t 
in  emulsion  by  the  casein.  It  may  he  taken  as  a  type  to  which  arti- 
ficial emulsions  must  conform.  The  globules  must  be  uniform  and  of 
about  the  same  size  as  those  in  milk. 

Emulsions  may  be  divided  into  the  following  classes : 

t.  Natural  emulsions,  such  as  are  found  ready  formed  in  nature. 
Instances  of  these  are  milk,  the  yolk  of  egg,  and  some  plant  juices. 

i.  Gum-reiin  and  seed  emulsions;  that  is,  emulsions  made  from  sudi 
substances  as  contain  their  own  emulsi5er.  Examples  of  such 
gum-resins  are  ammoniac,  asafetida,  and  myrrh.  The  undried  drugs 
should  be  used  in  making  these  emulsions,  since  they  are  largely 
spoiled  by  drying.  The  drugs  are  reduced  to  a  coarse  powder  and 
water  is  added  gradually.  Seeds  which  yield  such  emulsions  are 
poppy,  hemp,  and  almond. 

3.  In  arHncial  emulsions  an  emulsifier  must  be  added.  Quite  a  num- 
ber of  substances  may  be  used  for  this  purpose,  the  principal  ones 
being  gum  acacia,  tragacanth,  yolk  of  egg,  Irish  moss,  soap  bark,  and 
extract  of  malt  The  substance  most  commonly  used  is  gum 
acacia.  This  emulsifier  is  incompatible  with  large  quantities  of 
alcohol,  borax,  tincture  of  iron,  or  glycerin.  It  may  be  used  by 
either  the  Continental  method,  in  which  a  nucleus  is  first  formed  from 
gum,  oil,  and  water,  and  to  which  the  remainder  of  (he  water  may 
then  be  added;  or  by  the  English  method,  in  which  a  mucilage  is  first 
made,  to  which  the  oil  and  water  are  added  in  alternate  small  por- 
tions. The  Continental  method  deserves  the  preference.  To  form  a 
I— S 
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nucleus  there  should  be  used  for  each  part  of  oil  one-fourth  lo  one- 
half  part  of  acacia  and  one  pait  of  water.  Stir  the  oil  with  the  acacia 
in  granular  powder,  then  add  the  water  at  once.  The  mixture  of 
the  oil  and  the  gum  must  not  be  allowed  to  stand  too  long  before 
adding  the  water,  otherwise  it  will  cake.  In  the  English  melhod  the 
acacia,  the  amount  of  which  should  be  half  that  of  the  oil,  is  rubbed 
up  with  an  equal  volume  of  water  and  then  small  portions  of  oil  and 
water  are  added  alternately.  If  this  addition  should  be  done  too 
rapidly,  there  is  danger  that  the  emulsion  will  separate  or  "  crack." 
This  does  not  necessarily  spoil  it,  for  it  may  be  re-emulsionized  by 
adding  it  to  a  fresh  portion  of  atacia  and  repeating  the  process. 

In  making  medicated  emulsions  the  ingredients  should  be  mixed 
in  the  following  order:  First  the  nucleus,  then  the  flavoring,  then 
the  syrup,  and,  lastly,  the  water  in  which  the  solids  have  been  dis- 
solved. 

In  yolk  emnlsiotts,  the  yolk  of  egg  is  used  in  place  of  the  nucleus  in 
the  Continental  method.  The  yolk  is  triturated  in  a  mortar  and  the 
oil  and  water  are  added  alternately  in  small  portions.  One  yolk 
suffices  for  from  one  to  two  ounces  of  oil.  The  yolk  emulsions  are 
incompatible  with  the  same  substances  as  gum  Emulsions  and  do  not 
keep  nearly  as  well. 

Soap  bark  has  saponin  for  its  emulsifying  agent.  It  is  not  incom- 
patible with  any  of  the  above-named  substances,  but  possesses  very 
decided  therapeutic  properties,  which  preclude  its  use  in  many  cases. 
It  is  used  in  the  proportion  of  i  part  of  the  tincture  to  8  parts  of  the 
oil ;  Place  the  tincture  in  a  dry  bottle,  add  the  oil  in  portions,  and 
shake  after  each  addition.  Finally  add  the  water.  Crude  saponin 
<a3  :  100  of  oil)   can   also  be  employed. 

Extract  of  malt  emulsifies  its  own  weight  of  oil.  It  is  used  as  the 
nucleus  in  the  Continental   method. 

Solutions  of  alkalies  may  also  be  used  for  emulsification,  since  they 
form  soaps,  but  they  are  usually  not  desirable. 

Six  emulsions  are  official:  one  seed  (Amygdalx)  ;  one  gumresin 
(Asafcetidse),  and  four  artificial.  These  are  made  by  the  Continental 
method.  Thin  liquids,"  which  do  not  emulsify  readily,  arc  thickened 
by  the  addition  of  expressed  almond  oil. 

SOLID  PREPARATIONS. 
18.  Powders  are  finely  powdered  drugs  intended  for  either 
external  or  internal  administration. 

When  intended  for  external  use,  as  for  dusting-powders,  extreme 
fineness  is  the  main  desideratum.  TTiey  should  in  this  case  be  mixed 
with  a  spatula  and  not  in  a  mortar,  since  the  former  insures  greater 
smoothness.  When  i mended  for  internal  use,  they  are  generally 
folded  in  papers  (chartvla).  It  must  be  borne  in  mind  thai  hygro- 
scopic (deliquescent)  substances,  such  as  potassium  acetate  or  citrate, 
cannot  be  prescribed  as  powders,  nor  such  substances  as  become  a 
fluid  when  mixed  (€.  g.,  camphor  and  chloral).  In  making  compound 
powders,  one  should  begin  with  the  smallest  ingredient  and  add  the 
others  in  the  order  of  (heir  amount,  triturating  thoroughly  after  each 
addition.  In  dividing  the  powder,  it  is  not  usually  necessary  to  weigh 
out  each  powder.  The  object  is  generally  accomplished  with  sufficient 
accuracy  fcy  flattening  the  powder  on  a  piece  of  paper,  squaring  oft  the 
edges,  and  dividing  into  a  number  of  equal  parts  by  means  of  a 
spatula.  In  the  case  of  more  bulky  powders,  such  as  Seidtitz  powders, 
measures  are  used.    Nine  powders  are  official    These  ate  all  mixtures. 
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Gnumlap  Effervescing  Salts. —  These  are  a  pleasant  form 
of  administering  many  salts,  the  CO2  helping  to  disguise 
the  taste,  and  favoring  absorption  and  peristalsis.  The 
basis  is  a  mixture  of  sodium  bicarbonate  and  tartaric  acid 
or  citric  acid ;  to  these  is  added  the  medicinal  agent  and 
sugar  enough  to  make  the  dose  a  teaspoonful.  This  mix- 
ture is  softened  by  heat  or  moistened  with  alcohol,  well 
stirred  until  solid,  and  pressed  through  a  sieve.  They  are 
dissolved  in  half  a  glass  of  water  just  before  taking.  A 
number  of  these  preparations  are  official. 

Tritnrationa  are  powders  obtained  by  triturating  the  active 
substances  with  some  inert  material  such  as  sugar  of  milk. 

Their  advantage  lies  in  the  greater  ease  in  weighing  out  a  compara- 
tivdy  large  amount  of  substance.  When  no  special  directions  are 
given,  triturations  are  made  of  a  strength  of  10%.  The  trituration  of 
elaterin  is  the  only  one  official. 

Eleotacchara  are  triturations  of  volatile  oils  with  sugar  in  the  pro- 
portion of  I  :  3a    They  are  used  for  the  purpose  of  flavoring  other 


To  get  a  definite  dose  and  to  reduce  the  bulk  of  the  substances  when 
it  is  desired  to  administer  them  in  dry  form,  and  when  the  incon- 
Tcnicnce  of  powders  is  to  be  avoided,  we  employ  lozenges,  triturates, 
pills  with  various  coatings,  capsules^  wafers,  or  cachets.  The  adminis- 
tration of  substances  in  dry  form  always  delays  their  absorption,  and 
this  is  especially  the  ease  if  the  preparations  are  coated.  On  the 
Other  hand,  they  have  the  advantage  of  reaching  the  intestinal  canal 
irith  little  change.  One  must  always  be  careful  not  to  prescribe  pills, 
etc.,  of  such  bulk  that  they  cannot  be  swallowed. 

19.  Pills  may  be  defined  as  spherical  of  elongated  masses 
of  medicinal  substances,  of  such  size  as  to  be  convenient  for 
swallowing;  that  is  to  say,  containing  up  to  5  grs.  (0.35 
Gm.)  of  active  substance.  If  the  pill  is  of  larger  size,  it  is 
called  a  holus.  Very  small  coated  pills  are  spoken  of  as 
granules.     Fourteen  Pills  and  two  Masses  are  official. 

A  pill  consists  of  the  active  ingredient  and  of  the  excipient  (co- 
hesive) ;  the  latter  varies  with  the  nature  of  the  former. 

Id  order  to  make  pills,  the  substance  is  first  made  into  a  mass  by 
means  of  this  excipient.  The  mass  must  be  sufficiently  soft  to  admit 
of  molding,  but  on  the  other  hand  it  should  be  sufficiently  consistent 
not  to  lose  its  shape.  It  should  neither  harden  nor  soften  nor  crumble 
on  keeping. 

Method  of  Preparalicn.—  The  ingredients  are  first  triturated  to  a 
fine  powder.  In  case  crystalline  salts  are  used,  these  must  first  be 
desiccated.  The  excipient  is  then  added  in  small  portions  and  thor- 
oughly  triturated    with    the   powder   until   the   proper    consistency  is 
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obtained.  If  accidentally  too  much  excipienC  is  added  this  can  be 
remedied  by  the  addition  of  some  inert  powder,  such  as  starch,  gum 
acacia,  or  powdefed  licorice.  A  great  many  substances  may  be  used 
for  excipients.    The  following  are  the  most  useful : 

Liquid  Excipients. —  Glycerid  of  acacia  or  tragacanth,  thick  flour 
paste,  glycerin,  syrup,  confections,  or  extracts. 

Solid  Excipients. —  Acacia,  tragacanth,  starch,  althata,  licorice  pow- 
der, soap. 

For  chemicals  which  are  destroyed  by  organic  substances  the  best 
excipient  is  formed  by  a  mixture  of  petrolatum  arid  kaolin. 

The  weight  of  the  finished  pill  should  not  exceed  0.5  Gm.  (8 
grains). 

The  mass  having  been  formed  by  thorough  trituration,  it  is  placed 
on  a  glass  or  porcelain  slab  marked  with  equal  divisions.  It  is  welj  to 
put  a  little  dusting-powder  on  the  slab  to  prevent  the  mass  from  slick- 
ing to  it.  The  best  dusting-powders  are  starch,  lycopodium,  or  licorice, 
according  to  the  color  of  the  ptU  mass.  This  mass  is  then  rolled  out 
by  means  of  a  broad  spatula  into  a  cylinder  of  uniform  diameter,  and 
this  is  cut  with  a  sharp  knife  into  the  requisite  number  of  equal  parts. 
These  are  formed  into  spherical  shape  by  rolling  them  between  the 
thumb  and  the  first  two  fingers.  The  finish  may  be  rendered  more 
perfect  by  placing  the  pills  with  a  liberal  amount  of  dusting-powder 
in  the  lid  of  the  pill  box  and  gently  rolling  them  with  the  ball  of  the 
thumb.  To  disguise  the  taste  of  the  pills  one  may  make  use  of 
various  coatings.  The  most  popular  of  these  are  the  sugar  and  the 
gelatin  coalings.  These  can  only  be  well  done  on  a  large  scale.  For 
the  former,  the  pills  are  moistened  with  a  thick  syrup  and  rapidly 
rotated  and  dried  in  a  current  of  warm  air  until  they  acquire  a  sufB- 
ciently  thick  coating  and  a  fine  polish.  The  latter  is  often  enhanced 
by  a  little  wax.  For  a  gelatin  coating  they  are  dipped  into  a  strong 
hot  solution  of  gelatin,  which  is  allowed  to  harden  in  the  air.  When 
it  is  desired  to  exclude  the  air  from  the  pills,  they  are  sometimes  var- 
nished by  dipping  them  into  an  ethereal  solution  of  tolu.  This  is  the 
official  process  for  keeping  phosphorus  pills.  A  still  finer  polish  may 
be  given  to  pills  by  coating  them  with  silver  leaf,  which  i.s  done  !^ 
shaking  them  in  a  box  with  silver  foil.  All  of  these  coatings  inter- 
fere with  the  absorption  of  the  active  substances,  but  this  is  indeed  a 
disadvantage  which  adheres  even  to  the  uncoaled  pill.  In  some  cases 
it  is  highly  desirable  that  the  pill  reach  the  intestinal  canal  without 
any  change  —  namely,  when  we  desire  a  local  action  upon  the  intestinal 
canal  alone.  The  following  coatings  may  be  employed  for  this  pur- 
pose: (l)  Keratin,  which  is  made  by  dissolving  goose-quill  in  acetic 
acid  or  sodium  hydrate.  (2)  Salol.  Both  of  these  are  partly  dis- 
solved in  the  stomach.  (3)  Glutoid  capsules  have  also  been  recom- 
mended. They  are  gelatin  capsules  which  have  been  hardened  in 
formal  dehyd. 

The  pilulK  of  the  B,  P.  are  pill-masses   {massa.  U.  S,  P.).     ' 

Capsules  are  small  containers,  usually  of  gelatin,  intended  to  be 
swallowed  with  the  substance.  Those  used  for  powders  are  hard,  and 
consist  of  a  body  and  a  cap.  In  filling  these  capsules,  the  powder  is 
divided  into  the  requisite  number  of  parts,  forced  into  the  body  with  a 
spatula,  and  the  caps  placed  on.  Soft  capsules  are  used  for  oils,  etc. 
These  are  sealed  with  a  drop  of  melted  gelatin.  These  soft  capsules 
may  be  made  to  hold  as  much  as  4  Cms.  Hard  capsules  should  not 
hold  more  than  0.3  Gm,  or  at  most  0.5  Gm.  A  somewhat  larger 
amount  may  be  used  by  making  the  powder  into  a  pill  mass.  The 
puiTose  of  capsules  is  to  disguise  the  taste  of  the  substance. 

Wafer*  are  thin  sheets  formed  of  a  dried  flour-paste,  in  which  the 
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powde 
larger 


When  the  wafers  are  molded  into  a  form,  they  are  called  corneals  o_ 
eatheli. 

Troches  (trochisci,  losfnges)  are  made  by  punching  or  cutting  out 
circular  or  oblong  disks  from  a  mass  made  up  from  the  active  sub- 
stance, sugar,  and  mucilage.  These  are  then  dried  in  the  air.  They 
are  usually  intended  for  solution  in  the  mouth,  and  are  most  popular 
for  throat  medication.  They  are,  however,  sometimes  used  instead  of 
pills.    Nine  troches  are  official. 

Tablet  triturates  are  small  troches  made  from  a  mass  of  sugar  of 
mjlh  and  dilute  alcohol.  This  mass  is  spread  into  holes  in  a  special 
form  and  then  removed  from  these  by  means  of  a  die.  They  have 
the  advantage  over  pills  of  a  very  much  greater  solubility,  and  are 
the  most  convenient  form  of  administering  small  doses  of  solid  drugs, 
SUcih  as  alkaloids,  nitroglycerin,  calomel,  etc.,  by  mouth.  They  are 
quite  unsuitable  for  the  administration  of  large  doses.  Manufacturers 
also  prepare  tinctures,  etc.,  in  tablet  form,  by   evaporating  the  men- 
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St  mum.  This  may  interfere  with  the  therapeutic  efBeiency.  The 
various  mixtures  in  tablet  form,  found  on  the  price  lists  of  pharma- 
ceutic houses,  will  not  be  tised  as  a  rule  by  scientific  physicians. 

Hypodermic  tablets  are  similar  to  the  tablet  triturates,  especial  care 
being  exercised  to  secure  quick  solution. 

Compressed  tablets  are  made  by  compressing  the  substance  diluted 
with  sugar  or  sugar  of  milk.  The  material  must  be  in  granulated 
form.  They  do  not  break  as  readily  as  the  triturates,  but,  on  the 
other  hand,  they  are  not  as  soluble. 

LamelUe  (B,  P.)  are  thin  gelatin  disks,  softened  with  glycerin,  and 
impregnated  with  substances  acting  on  the  pupil.  They  are  intended 
to  be  placed  under  the  eyelids. 

20.  Suppositories  are  suitably  shaped  masses  of  solid, 
medicated,  fatty  substances,  intended  for  introduction  into 
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the  rectum,  vagina,  or  urethra.  They  take  the  place  of 
ointments  for  local  treatment  where  these  cannot  be  readily 
applied. 

Suppositories  are  made  by  incorporating  the  medicinal  substance 
into  a  suitable  base,  and  molding  into  masses  of  suitable  shape  and 
size.  The  ideal  base  is  one  which,  whilst  solid  at  the  ordinary  tem- 
perature, is  melted  by  the  heat  of  the  body.  Such  is  cacao-butter 
(Oleum  Theobromatis).  Glycerinated  gelatin  or  a  soapy  base  is  also 
sometimes  used,  especially  with  urethral  suppositories,  for  which 
cacao-butter  would  be  too  brittle.  Theobroma  suppositories  are  made 
either  by  the  hot  or  cold  process.  The  hot  process  consists  in  melting 
cacao-butter  at  a  temperature  not  exceeding  35°  F.  and  adding  the 
active  substances,  then  pouring  the  mixture  into  cold  molds.  If  the 
molds  are  sufficiently  cold,  the  finished  suppositories  can  be  removed 
without  any  difficulty.  It  is  usually  advisable,  however,  to  employ  a 
small  amount  of  dusting-powder.  In  the  cold  process  the  active  sub- 
stances are  triturated  with  grated  cacao-butter  with  the  addition  of  a 
small  amount  of  castor-oil,  sufficient  to  make  it  into  a  suitable  mass, 
which  is  then  rolled  out  and  divided  as  for  pills.  They  may  also  be 
formed  by  pressure.  Suppository  capsules,  whether  of  gelatin  or  of 
eacaO'butter,  largely  defeat  the  object  for  which  suppositories  are  em- 
ployed. They  are,  however,  much  more  convenient  to  prepare  than 
the  suppositories,  and  may  suffice  when  the  object  is  merely  internal 
medication.  Glycerin  is  made  into  a  suppository  by  means  of  a  very 
hard  soap  formed  from  stearic  acid  and  sodium  carbonate. 

This  is  the  only  official  suppository;  but  the  U.  S.  P.  supplies  a 
general  formula  for  others  and  specifies  their  weight:  3  Gm.  for 
rectal:  4  Gm.  for  vaginal.  Urethral  suppositories  are  to  be  pencil- 
shaped,  pointed  at  one  end,  and  measure  7  or  14  Cm.,  weighing  2  or 
4  Gm. 

21.  Ointmenta  (Unguenta)  are  soft  fatty  masses  intended 
for  external  application.  They  consist  of  the  active  ingre- 
dient and  the  base. 

The  base  of  ointments  is  formed  by  lard,  by  petrolatum,  by  lanolin, 
or  by  various  mixtures,  of  which  the  "  simple  ointment,"  consisting  of  4 
parts  of  lard  and  1  part  of  white  wax,  is  the  most  important.  The 
base  must  vary  according  to  the  object  for  which  the  ointment  is 
emptoved,  whether  absorption,  protection,  or  local  action  is  desired. 
Petrolatum  (vaselin),  which  consists  of  the  less  volatile  parts  of 
petroleum,  is  simply  protective,  or  useful  as  a  vehicle  for  substances 
intended  to  have  a  mere  local  action,  since  it  is  not  absorbed.  Lanolin, 
or  its  pharmacopoeial  substitute.  Adeps  Lanse  Hydrosus,  consists  of  a 
mixture  of  cholesterin-like  substances  obtained  from  sheep's  wool. 
It  is  very  readily  absorbed,  does  not  become  rancid,  and  mixes  with 
its  own  weight  of  water.  This  latter  property  is  of  great  advantage 
when  it  is  desired  to  use  crystalline  salts  in  ointment  form,  since  these 
can  be  incorporated  in  the  form  of  solution,  making  a  much  smoother 
ointment.  Lard  is  the  cheapest  ointment  material.  It  possesses,  but 
in  a  lesser  degree,  the  advantages  of  lanolin.  An  important  objection 
to  it  rests  upon  the  fact  that  it  becomes  rancid  very  rapidly.  This 
tendency  can  be  greatly  diminished  by  the  incorporation  of  antiseptic 
substances.    Official  Benzoinated  Lard  is  an  attempt  in  this  direction. 
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Ointments  are  prepared  by  fusion,  mechanical  admixture,  and 
chemic  reaction.  In  mixing  ointments  by  fusion,  that  constituent  of 
the  ointment  which  has  the  highest  melting-point  is  first  melted,  and 
the  others  are  ihen  added  in  the  order  of  their  melting-points.  The 
active  substance  is  added  last,  to  obviate  the  prolonged  action  of  heat 
opon  it.  The  mechanical  admixture  is  usually  done  on  a  slab  or  in 
a  mortar.  It  is  needless  to  say  that  powders  must  be  in  the  finest 
stage  of  subdivision.  If  the  quantity  of  powder  is  large,  it  is  usually 
first  mixed  with  some  of  the  melted  ointment. 

Twenty-four  ointments  are  official.  The  majority  of  medicated  oint- 
ments contain  10%,  some  20%.  of  the  active  ingredient.  Ung.  Chrysa- 
robini,  lodi,  Phenolis,  and  Veratrini  are  weaker;  Hydrargyri,  Picis 
Liquidx,  and  Zinci  Stearatis  are  stronger. 

Cerates  (U.S.  P.)  are  preparations  similar  to  ointments  but  of  a 
firmer  consistency.  They  are  generally  made  from  a  mixture  of  wax 
and   petrolatum.  In  the  same  manner  as  ointments.    Six  cerates  are 

aa.  Plasters  are  made  by  spreading  on  a  thin  cloth  or  leather  sup- 
port a  mass  or  base  which  is  hard  at  an  ordinary  temperature,  but  is 
softened  and  rendered  adhesive  at  the  temperature  of  the  body.  The 
base  is  fused  and  the  active  ingredients  incorporated  into  it  by  stirring. 
Too  great  a  degree  of  heat  must,  of  course,  be  avoided.  The  mass  is 
then  usually  spread  upon  pieces  of  linen,  muslin,  or  leather.  Plasters 
serve  to  afford  protection  to  the  skin,  to  bring  together  the  edges  of 
wounds,  or  to  bring  a  drug  in  an  absorbable  medium  into  prolonged 
contact  with  the*  skin.  Furthermore,  the  resins,  etc.,  which  frequently 
form  the  constituents  of  the  plaster  act  as  mild  counter  irritants.  To 
avoid  the  rather  excessive  irritation  resulting  from  the  confinement 
of  the  secretions  of  the  skin,  plasters  are  now  frequently  made  porous. 
A  composition  of  rubber  is  the  most  common  base  of  modern  plasters. 
The  typical  old  plaster,  however,  has  for  its  base  diachylon,  Burgundy 
pitch,  or  other  resins.  Diachylon  is  a  lead  soap  made  by  precipitat- 
ing soap  with  lead  acetate.  This  alone,  or  with  the  addition  of  a 
little  rubber  and  petrolatum  (Einplastrum  Adhcsivum)  forms  the  base 
of  the  other  six  official  plasters. 

Plasters  are  now  usually  obtained  from  manufacturers,  and  are  but 
rarely  made  to  order. 

To  spread  the  plaster,  the  cloth,  cut  to  the  proper  size  and  shape, 
is  tacked  on  a  bc^rd  and  the  mass  is  heated  and  spread  evenly  with 
a  trowel  or  spatula  A  margin  half  an  inch  wide  must  be  left  to 
allow  of  handling.  Isinglass  plaster  is  made  by  spreading  a  thick 
solution  of  isinglass  on  silk. 

Chartc  are  medicated  papers,  1.  e.,  pieces  of  paper  covered  or  im- 
pr^nated  with  a  medicinal  substance.  Charta  Sinapis  is  used  as  a 
plaster,  Charta  Potassii  Nitratis  for  fumigation. 

23.  Cataplasmata  (Poultices). —  These  are  used  mainly 
for  the  purpose  of  supplying  lieat.  It  is  often  necessary 
to  give  a  patient  directions  for  preparing  them.  Linseed 
poultices  may  be  taken  as  a  type:  Pour  a  cup  of  linseed 
mea!  into  2J^  cups  of  boiling  water,  stirring  constantly. 
Spread  the  mush  thickly  on  a  piece  of  flannel,  fold  so  as  to 
form  a  sack,  and  apply  as  hot  as  can  be  conveniently  borne. 
Cataplasma  Kaolini  is  official. 
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The  memorizing  of  the  strength  and  doses  of  pharma- 
ceutic preparations  will  be  facilitated  by  the  following 
tables : 

TABLE    IV.— STRENGTH    OF    PHARMACEUTIC    PREPARA- 
TIONS. 

U.  S.  P.     Opium:     Tincture,   deodorized  tincture,  acetum,  and   Dover's 

powder— 10%;     camphorated    tincture  =  2    grains    to    the    ounce 

(=0,4%)- 
Dilule  Alcohol,  48-9%  by  volume. 
Decoctions  and  Infusions,  S%. 
U.S.P.    Dilute  Acids,  10%   (except  hydrocyanic  =  2% ;  and  acetic  = 

6%). 
U.  S.  P.     Tinctures,   04%    to   50% ;   mostly   10%   or   20% ;   all   potent, 

10%. 

U.S.  p.    Aceia.  \o%. 
Fluidextracls,   100%. 
Arsenic  Solutions,  1%. 
Solid  Extracts,  generally  400%, 

TABLE  v.— GENERAL  DOSES   OF  PHARMACEUTICAL 

PREPARATIONS. 

(abranged  is  ascending  order.) 

Poisonous  Solid  Extract^ 0.005  to 0.025  Gm.    (p. '/« to  J4> 

Poisonous   Fluidextracls;'   Liquores; 
Aromatic    Oils;   B.  P.    Hypodermic 

Injections O.I  to  0.7  c.  c.         (nxi)  to  x) 

Exceptions:     Liquors  of  Alka- 
line Citrates  and  Acetates..  30  c. c  Jj 
Non-poisonous  Solid  Extracts;   Pill 

Masses    0.2  to  0.7  Gm.    (gr.  iij  to  x ) 

Poisonous     Tinctures    and     Wines;' 
Liquid  Opium  Preparations;  Dilute 

Acids  0-3  to  1.3  c.  C.       (mv  to  xx) 

Exceptions:'  Tr.  Aconite.  Stro- 

phanthus,  Canlharidis,  lodin.       0.2  to  0.5  c.  c.    (miij  to  viij) 

Tr.  Opii  Camphorata to    15C.C.  (Jss.) 

Ac.    Hydrocyanic.    Dil ai  to  0.2  c.  c.       (mij  to  iij) 

Non-poisonous  Fluidextracls;  Spirits      2     to  s     c.c.  (5ss  to  j) 

Non-poisonous      Tinctures,      Wines, 

and  Syrups 2      to  10   c.c.  (3s5  to  ij) 

Flavored    Waters 5      to  15    c.  c.  (3j  to  iij) 

Infusions  and  Decoctions. 15     to  120c.  c.         (^ss  to  iv> 

Exception:     Infus.  Digitalis...       5     to  15   cc.  {3j  to  iij) 

(B)   PHARMACEUTIC  ASSAYING.' 

Different  samples  of  vegetable  drugs  may  vary  widely  in  the  quan- 
tity of  active  constituents  which  they  contain.  These  variations  are 
most  undesirable  from  a  therapeutic  standpoint,  especially  when  they 
occur  in  potent,   so  called  "  heroic  "  drugs.     Inorganic  drugs  or   other 

1  In  prcKribing  poiunoui  prrpsritions,  the  exict  dtae  mutt  ilwirs  >>«  eon- 
«ulud  (Hc  Indrx). 
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definite  chemic  compounds  are  not  subject  to  this  variation;  but  in 
manv  cases  the  removal  of  the  last  traces  of  innocuous  impurities 
would  greatly  increase  their  cost  without  adding  to  their  therapeutic 
usefulness.  The  pharmacopeia  has  therefor  aimed  to  furnish  quantita- 
tive methods  of  estimation,  assays,  wherever  passible,  and  to  establish 
practical  standards  to  which  medicinal  substances  must  conform.  With 
inorganic  drugs,  it  states  the  largest  permissible  quantity  of  innocuous 
impurities  (usually  less  than  2%).  With  crude  vegetable  drugs,  it 
states  the  lowest  permissible  percentage  of  active  ingredient.  Assayed 
galenic  preparations  are  directed  to  be  diluted  so  as  to  contain  a 
definite  proportion  of  active  constituents,  corresponding  to  the  mini- 
mum permitted  in  the  crude  drug.  These  preparations  should  therefor 
be  preferred  to  the  crude  drug  whenever  accurate  dosage  is  desired. 

The  assay  of  inorganic  drags  involves  the  wellknown  methods  of 
ordinary  quantitative  analysis,  volumetric  processes  being  preferred. 
Special  tests  are  furnished  for  determining  the  permissible  limits  of 
accidental  impurities,  and  the  presence  of  harmful  substances,  such  as 

A  series  of  volatile  oils  are  assayed  for  their  most  important  in- 
gredient. Fats  and  fixed  oils  are  tested  for  their  "  iodine  absorption " 
and  "  saponification  values " ;  resins  for  the  "  acid  number " ;  some 
vegetaUe  prodiKts  for  their  ash.  These  tests  serve  mainly  for  iden- 
tification and  the  exclusion  of  willful  adulterations. 

Pepsin  is  assayed  for  its  digestive  power  for  proteids,  pancreatin  for 
starcm.  In  resinous  drugs,  such  as  Jalap,  Scammony,  or  Guaiac,  the 
proportion  of  ether-  or  alcohol -soluble  matter  is  determined. 

The  most  important  class  of  assays  refers  to  drug*  containing: 
alkaloidal  prlnciplea,  utilizing  the  method  of  immiscible  solvents,  as 
in  toxicologic  analysis.  This  rests  on  the  fact  that  free  alkaloids  are 
generally  soluble  in  chloroform  or  ether,  whilst  their  sails  are  insoluble 
in  these,  but  soluble  in  water.  In  principle,  alkaloids  are  extracted  by 
chloroform  or  ether,  or  a  mixture  of  both,  in  alkaline  reaction.  This 
solution  is  then  shaken  in  3  separator  with  acidulated  water,  which 
converts  the  alkaloids  into  salts  and  dissolves  them,  leaving  the  iin- 
purities  behind.  For  further  purification,  the  watery  solution  is  again 
rendered  alkaline  and  extracted  with  chloroform  or  ether.  This, 
on  evaporation,  leaves  the  fairly  pure  alkaloid  which  may  be  weighed ; 
or  titrated,  by  dissolving  it  in  a  known  amount  of  add,  and  titrating 
back  with  alkali.  Each  c.  c.  of  acid  corresponds  to  a  definite  quantity 
of  each  alkaloid  (a  table  of  these  is  given  in  the  U.  S.  P.,  page  567). 

The  assay  of  Belladonna  is  typical  of  the  details  of  the  method.' 
It  is  important  to  observe  the  directions  minutely  to  obtain  reliable 
results.  The  process  for  extracts  and  fluidextracis  differs  merely  in 
details  (the  percolation  being  omitted,  etc.).  Tinctures  are  first  con- 
centrated by  evaporation. 

This  method  estimates  the  sum  of  all  the  alkaloids  present  in  the 
drug,  and  suffices  when  the  important  one  predominates  very  largely 
over  the  others.  When  this  is  not  the  case,  it  is  necessary  to  confine 
the  assay  to  the  particular  alkaloid  desired,  generally  a  very  difficult 
matter.  In  Hydrastis,  advantage  is  taken  of  the  comparatively  greater 
solubility  of  hydrastin  in  ether;  in  Opium,  of  the  comparative  insolu- 
bility of  the  alkaloid  in  this  solvent.  In  Nux  Vomica,  the  brucin  is 
removed  by  oxidizing  it  with  nitric  acid. 

The  following  alkaloidal  drugs  and  their  preparations  are  directed  to 
be  assayed:  Aconite.  Belladonna,  Cinchona,  Coca,  Colchicum,  Conium, 
Guarana,  Hydrastis,  Hyoscyamus,  Ipecac,  Nux  Vomica.  Opium.  Physo- 
stigma,    Pilocarpus,    Scopola,    Strammonium.    In   most    of    these,   the 

'  See  ExercJK  9. 
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alkaloidai  strength  amounts  to  0.35%  lo  0.55%.  It  is  less  in  Physo- 
stigma,  greater  in  Cinchona,  Guarana,  Hydrastis,  Ipecac,  Nux  Vomica, 
Opium, 

The  following  alkaloidai  drugs  are  not  assayed:  Gelsemiutn,  Gra- 
natum,  Lobelia,  Sanguinaria,  Staphisa^ria,  Veratrum. 

Drugs  which  depend  for  their  activity  on  neutral  principles  are  un- 
fortunately unsuitable  for  chemic  assay;  there  being  no  reliable  chemic 
method  for  estimating  the  constituents  of  Apocynum.  Cannabis  Indica. 
Craivallaria,  Digitahs,  Ergot,  Podophyllum,  Rhamnus  Purshiana. 
Rheum,  Scilla,  etc.  Attempts  have  been  made  to  supply  this  deficiency 
by  physiologic  atandardizatlon, —  estimating  the  strength  of  a  prepa- 
ration by  comparing  its  effects  on  animals  with  those  of  a  standard 
product.  A  just  fatal  dose  is  generally  the  best  criterion  for  quantita- 
tive work.  These  life-tests,  however,  are  never  as  accurate  as  the 
chemic  assay  of  alkaloids,  on  account  of  individual  differences  of  sus- 
ceptibility and  absorption  in  different  animals.  These  can  be  largely 
eliminated  by  using  an  extensive  series  of  animals ;  but  the  expense  and 
labor  is  scarcely  warranted  by  the  results,  except  in  a  very  few  cases, 
for  instance  with  Digitalis.  Qualitative  physiologic  lests  of  drugs  of 
very  uncertain  activity,  such  as  Cannabis  Indica  or  Ergot,  are  more 
simple  and  deserve  to  be  encouraged.  The  only  physiologic  test  thus 
far  recognized  by  the  pharmacopiEia  refers  to  the  standardization  of 
antidiphtheric  serum. 

(C)  TABLES  OF  INCOMPATIBILITIES  AND 

SOLUBILITIES. 

I.  INCOMPATIBILITY.* 

This  is  a  subject  usually  verj^  confusing  to  the  student,  since  it  con- 
sists of  what  appears  at  first  sight  a  vast  array  of  details.  However, 
it  rests  only  upon  an  application  of  the  ordinary  chemic  reactions,  and 
when  the  latter  have  been  mastered,  the  subject  is  comparatively  easy 
and  simple.  It  may  be  laid  down  as  a  general  rule  that  substances 
are  incompatible  if  they  are  used  in  testing  for  each  other  or  if  they 
form  antidotes. 

In  the  following  compilation  it  has  been  attempted  to  arrange  the 
incompatibilities  into  general  groups. 

In  this  generalization,  it  is  not  feasible  to  take  account  of  individual 
exceptions.  Care  has  been  taken  to  err  on  the  safe  side.  It  is  much 
more  important  for  the  physician  to  remember  that  mercuric  chlortd 
is  generally  incompatible  with  alkaloids,  than  it  is  to  know  that  it  may 
be  prescribed  with  some. 

Incompatibility  is  said  to  exist  when  the  constituents  of 
a  mixture  interfere  with  one  another  in  a  way  not  intended 
by  the  prescriber. 

If  such  an  interference  is  intentional,  it  is  called  an  in- 
tentional incompatibility,  as  in  the  preparation  of  "  yellow 
wash." 

If  a  chemical  change  occurs,  the  incompatibility  is  called 
chemical. 
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When  it  consists  in  a  precipitation  of  the  substance  by  a 
change  in  the  solvent,  or  when  a  chemic  incompatibility 
does  not  interfere  with  the  active  substance,  but  produces 
an  unsightly  appearance,  it  is  pharmaceutic. 

If  the  interference  is  with  the  solubility,  or  if  liquefaction 
or  deliquescence  occurs,  the  incompatibility  is  tneckanic. 

When  without  causing  any  chemic  changes  it  interferes 
with  the  physiologic  action  of  the  ingredients,  it  is  thera- 
peutic. 

TABLE  VI.— THE  MOST  IMPORTANT  INCOMPATIBILITIES, 
ARRANGED  BY  GROUPS. 
<A)  Chemic  Incompatibility. —  (I)  Explosive;  (II)  Pre- 
cipitation; (III)  Production  of  body  with  undesired  prop- 
erties. 

I.  Exploilve*.— 

I.  Spontaneously  indammable  substances  (phosphorus). 

z.  Substances  which  explode  on  heating  (KCId,  acetozone,  benzo- 

3.  Substances  which  explode  on  mixing  (3),     (See  below.) 

4.  Substances  which  cause  a  more  gradual  evolution  of  gas   (4). 

5.  Substances  which  cause  an  evolution  of  heat  (HiSOi  and  water). 

6.  Substances  which  should  be  guarded  from  fire  (ether,  alcohol, 
benzin,  collodion,  turpentine,  camphor,  essential  oils,  etc.). 

3.  Substances  which  explode  on  uixing:' 

(a)  Substances  containing  loosely  combined  oxygen,  such  as : 
Chromic  acid;  Concentrated  nitric  acid  and  nilrates;  Per- 
manganates; Chlorates,  bromates,  or  iodates;  acelotone,  ben- 
zotone: 

with  easily  oxidizable  substances,  such  as :  All  organic  sub- 
stances :  Sulphur,  sulphids,  sulphites,  and  hyposulphites ; 
lodin  and  iodids ;  Phosphorus,  phosphites,  and  hyp<^ho3- 
phites;  Reduced  iron. 

(fc)  lodin  (with  any  oxidizing  agent)  ;  also  with  Ammonia  or 
turpentine. 

(O  CMorin:  with  NH,a. 

EXPLOSIVE  MIXTURES. 

Exploiiimi  vitl  only  occur  when  Ibc  autMUncci  arc  dry,  or  at  leait  con- 
cenlrated,  mid  whin  Ihcy   »«  hialcd  ot   pcrcuwed. 

Diiult  jBlutiont  may  be  niied  withaui  d>nt«r  if  not  bested.  Glycerin, 
phenol,  and  in  tome  casei  alcohol,  behave  like  dry  aolida. 

Pennangaaate  of  potash  or  chromic  acid  or  nitrate  of  ailver  will  deeompoae 
ornnic  lubatancra  even  in  aolution.  but  in  thit  case  without  eiploaion.  Acetoionc 
iviil   cause  exploaion. 

Powdtrs  may  be  mixed  wiitaout  concuMion.  but  even  Ibis  itaould  be  avoided, 
■incc  conditiona   favorable   to  exploaion  may  ariae    after  tbey  leave  tbe  bands  of 

Pills    containing    these    easily    decomposed    auhatancea    are    heat    made    with 

&nb«tanceB    containing   loosely   conhined    oxygen    may  explode   on   concussion 

tainini    dud   or   other   organic   matter.    Tbey    should   tb'erefore    be   handled    with 
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4.  Substances  which  cause  a  gradual  evolution  of  gas  : 
HCl  with  HNOf 
Strong  acids  with  KCIO.  (CI), 
Strong  acids  with  alcohol  (esters). 
Acids  with  carbonates    (COi). 
Acids  with  sulphids  (HiS), 

II.  Incompatibility  by  PrecipiUtion.— 

J.  The  following  Inorganic  Bases  or  their  salts  precipitate  the  itH' 
lowing  Ihokgakic  Acids  or  their  salts: 

(a)  Satis  of  metals  and  earths   are  precipitated  by  HO,  O,  CO* 

PtOi,  B0>,  oxalic  acid,  and  the  corresponding  salts  of  alka- 
lies. 

(b)  Salts  of  metals:  by  the  above  salts  of  earth;  also  by  sulphjds, 

arsenates,  arsenitei?,  and  tannin. 

(e)  Mercury  salts  should  not  be  prescribed  in  solution  with  other 

metals,  as  a  general  rule. 
id)  Sails  of  Ag,  Hgious),  Pb:   by  CI,  Br.  1,     (HgCU  also  precipi- 
tates by  jodids,  soluble  in  excess  of  reagents). 

(f)  Salts  of  Pb,  Ca,  Sr,  Ba:  by  SO^    Strong  solutions  of  Ay.  arc 

also  precipitated  by  SO.. 

a.  The   following   Salts  of  Metals  precipitate  the  following  Or- 


(o)  All  metallic  salts:  proleids,  tannin,  acacia. 

(b)  Some  metallic  salts   (especially  double  salts);   alkaloids. 

(c)  Silver  salts:  all  organic  substances. 

(tf)  Iron  salts:  salicylic  or  carbolic  acid  or  their  salts  produc 
purple  color. 


3.  Organic   Substances:    The    following   incompatibilities   by  pre- 
cipitation are  important: 

(a)  All  are  incompatible  with  oxidizing  agents   (compare  explo- 
sives) and  with  silver  salts. 
(6)  Alkaloids,  proteids,  and  tannin  are  precipitated  by 
Many  metallic  salts,  especially  mercuric. 
Double  iodids  or  bromids  and  free  iodin. 
Picric  and  salicylic  acid,  and  borates. 
Alkaloidal  soils,  in  addition,  by  free  bases  and  carbonates. 
Strychnin  salts,  by  bromids  and  iodids. 
Alkaloids  and  proteids,  by  tannin. 

Acacia,    gelatin,    and    proteids,   by    alcohol,    borax,    Tr.    ferri 
chloridi. 
(c)  Antipyrin:  by  same  precipilants  as  alkaloids. 
By   KI. 

Fe,CI«  ^  reddish  color. 

Spirits  of  nitrous  ether  ^^  green  color  or  precipitate, 
(rf)  Chloral:    when    in   alcoholic    solution    by   strong   solutions   of 
salts,  especially  bromids. 
Alkalies  cause   decomposition. 
Camphor,  in  dry  state  =  liquefaction. 
Camphor  and   the  coal-tar  antipyretics  also  liquify  with  men- 
thol,  thymol,   salol,   and   naphthol. 
(e)  Salicylic  acid,  by  iron  salts,  iodids,  and  some  alkaloids. 

Salicylates,   bensoales,    and   borates   are    precipitated    by    free 
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III.  Production  of  a  Substance  with   Undeaired  Propertlea.— 

(fl)   lodids,  Bromids,        l  with  strong  mineral  acids  or  strong  ox- 
lodates,  Bromates,    I  idiiing     agents,     such     as     KOOt, 

Chlorates:  f         H.O.,   HNO.,   KMnO.=: production 

J         of  I,  Br,  or  CI. 

(d)  Glucosids  with  acids. 

(e)  Chloral  with  alkalies   (^chloroform). 

(B)  niarmaoentic  Incompatibilities. — 

1.  Alcohol  should  not  be  added  to: 

Acacia,    gelatin,    proieids,   emulsions,    strong    salt    solu- 

2.  H'atcr  should  not  be  added  to: 

Alcoholic  liquids   in  general    (such  as  tinctures,  spirits, 

fluidextracts). 
Ethereal  liquids  (oleoresins),  oils. 
(Carbolic  acid  should  not  be  mixed  with  collodion.) 

3.  Glycyrrhisa  and  acids. 

The  following  drags  are  almost  universally  Incompatible,  and 

should  therefore  be  prescribed  alone,  if  possible: 

Strong  mineral  acids,  PbCCiHiOt)^ 

HgO*  KMnOh 

KI,  Alkaloids, 

AgNOi,  Tannin. 

(C)  TheiapeiLtic  Incompatibilitr. — 
For  example :    Pilocarpin  and  atropin. 

II.  SOLUBILITIES.- 
It  is  well  to  have  a  general  idea  of  the  solubility  of  the  substances 
osually  prescribed.  The  subjoined  compilations  will  be  found  useful  in 
this  connection.  A  knowledge  of  analytic  chemistry  and  of  incompati- 
bilities can  also  be  utilized  here,  for  a  substance  appearing  as  a  precipi- 
tate is,  of  course,  relatively  insoluble. 

TABLE  VII.— GENERAL  SOLUBILITY  OF  SALTS  IN  WATER. 
Only  those  commonly  prescribed  are  included    (not  those  which  are 
formed  only  in  incompatible  prescriptions). 

I.  Arranged  by  Acids. — 
Oroap  A:    Salts  Mostly  Solable.— 

1.  Aeetates  and  Nitrates:  all  soluble  (except  bismuth  subnitrate). 

2.  Halogen  group   (^iodids,  bromids,  and  chlorids)  :    Soluble,  ex- 

cept Ag;  Hg(ous);  Pb;  Bi. 

'  The  incompatilillity  of  fannm  wild  iVc"  is  e»r«cially  imponant,  linw  it  i« 
oflni  d«irab1e  to  idmininer  iron  Mils  with  ■  bitter  lubslance.  Practicallr  the 
only  tanoin-free  bitters  are  Calumba.  Qiioi™,  and  alkaloidt. 

De-tannaled  prtparatlooa,  mch  a>  the  EliiiT  of  Oinlian  N.  F.,  imy  iIm 
he  employed. 
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3.  Sulphates:     Soluble,  except  Pb,  Sr,  Ba;  Ca  sparingly  soluble. 

4.  Tartrates  and  Citrates:  mostly  soluble. 

Group  B:    SaMt  Miwtly  InioluMe.— 

I.  Arsenates 


Oxalates 
Borates 
Phosphates 

n.  Arranged  by  Baae. — 

The  salts  considered  in  this  table  are:  Acetates  (Ac),  Halogens 
(H),  Oxids  (O),  Sulphates  (SO.).  Phosphates  (PO.),  Oxalates 
(Ox),  Carbonates  (CO.).  Sulphida  (S),  Nitrates  (NO.),  Citrates 
(Ci).    Hydrates  agree  with  oxids. 

Tiiose  of  the  above  salts  which  are  not  mentioned  with  the  re- 
spective base   are  insoluble. 

1.  Alkali  MetaU  (=Na,  K.  NH.)  :  all  soluble.  . 

2.  Lithium:  Soluble,  except  O  and  CO^  sparingly  soluble,  and 
PO.,  insoluble. 

3.  Mg,  Al:    Soluble:    NO.,  Ac,  H,  Ci,  SO.,  S. 
4.Ca.Ba,Sr:    Soluble;     NO*  Ac,  H,  Ci,  S ;  sparingly :    O. 

,    Zn,  M».  Ni.  Co.  Fe  )  Soluble :     NO^  Ac.  H,  Ci,  SO.  (mercuric 
=■  Hg  iic).  Cu,  Sn       i     iodid  is  insoluble). 

6.  Ag:     Na,  SO., 

7.  Pb:    HOu  Ac, 

8.  Bi.  Sb:    Only  soluble  in    form   of  double   organic  salts    (e.  g.. 

Bismuth    and    Ammonium    Citrate;    Antimony    and    Potassium 

9.  Mercurous :     Insoluble. 

m.  Strei^iJi  of  Watery  Solution,  in  which  commonly  used 
salts  may  safely  be  prescribed. — (It  must  be  remembered 
that  where  several  salts  are  prescribed  in  the  same  mixture, 
the  solubility  of  each  is  apt  to  be  lowered. ) 

The  exact  solubility  of  important  substances  will  be  fotmd  in  (he 
appendix. 

The  following  table  gives  the  amount  of  very  commonly  used  drugs 
which   can   be  safely  prescribed  in  water  enough    to   make   100  c.  c. 
These  should  be  memorized : 
SO  Cms:     (=5iv   in  water  c 
Salieylal 
AgNO.;     ZnSO.:     Chloral;    Cocain    Hydro 
chlorid. 
S  Cms:     (^25  grains   in  water  q.   s.  Jj)    Alum:  Carbolic  Acid; 
Borax:    KQO.:    NaHCO,;    HgO,;    Tartar    Emetic; 
Quinin    Bisulphaie;   Citrated  CafFein;  the  majority  of 
the  soluble  salts  of  alkalies,  earths,  and  metals. 
Smaller  Quantities:     Boric  Acid.  4;  Morphin  Sulphate,  4.5:  Quinin 
Hydrochlorid,  3;  Quinin  Sulphate,  0.T3:  Strychnin  Sul- 
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IV.  Solnbility  in  Different  Hedia.— 

As  a  general  rule,  inorganic  substances  are  more  soluble  in  water 
than  in  alcohol. 

Baste  alkaloids  are  insoluble  in  water,  more  soluble  in  alcohol. 

Alkaloidal  salts  are  soluble  in  cither  alcohol  or  water. 

Gums  are  soluble  in  water,  insoluble  in  alcohol.  Resins  and  essen- 
tial oils  are  the  reverse. 

(In  making  mixtures,  it  must  be  remembered  that  spirits,  tinctures, 
and  fluidextracts  all  contain  alcohol.) 

Glycerin  stands  intermediate  between  alcohol   and  water  as  a  sol- 

The  following-  substances  are: 

r.  Practicaliy  insoluble  in  water:     lodin,  calomel. 

2.  Soluble  in  water,  but  almost  insoluble  in  alcohol:  Alum,  NHiQ, 
KCIO,,  tartar  emetic.  ZnSO^  Borax. 

3,  Much  more  soluble  in  glycerin  than  in  water:  Boric  acid,  alum, 
carbolic  acid,  HgCli. 


CHAPTER  V. 
TOXICOLOGY. 


Toxicology  is  that  part  of  pharmacology  which  treats  of 
poisons. 

The  details  of  the  actions  of  poisons  will  be  considered  in  part  II, 
in  connection  with  the  individual  poisons,  but  a  general  outline  of 
toxicological  analysis  and  of  the  treatment  of  poisoning  may  find  a 
place  here. 

Definition. —  A  poison  (from  potion,  a  draught),  by  the  broadest 
definition,  is  a  substance  the  administration  of  which  is  injurious  to 
health.  However,  injurious  mechanical,  physical,  or  bacterial  agencies 
are  not  commonly  classed  as  poisons ;  nor  are  the  substances  which 
produce  injurious  effects  only  in  ver;^  large  doses  (say  over  50  Gms.), 
It  is  very  difficult  to  give  a  definition  which  will  not  be  ambiguous 
in  some  cases.  The  following  covers  most  of  the  points  which  must 
be  considered  in  classing  a  substance  as  a  poison; 

A  poison  is  any  substance  which,  acting  directly  through 
its  inherent  cketnic  properties,  and  by  its  ordinary  action,  is 
capable  of  destroying  life,  or  of  seriously  endangering 
health,  v^ten  it  is  applied  to  the  body,  externally,  or  in  mod- 
erate doses  (to  50  Gms.)  internally. 

Etiology  of  PotMinlng.—  Poisoning  may  result  through  criminal 
or  suicidal  intent,  or  through  accident.  The  statistics  of  the  relative 
frequency  of  the  different  forms  of  poisoning  vary  from  year  to  year, 
and  with  each  country.  Suicidal  poisoning  is  probably  the  most  fre- 
qaent,  nearly  a  half  of  the  suicides  in  the  United  States  being  due  to 
poisoning. 

It  is  calculated  that  here  five-sixths  of  all  suicidal  cases  are  due  to 
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carbolic  acid.    There  is,  however,  a  fashion  in  poisons,  as  in  other 
things.    This  is   greatly  fostered   by  the  notoriety   which  the  news- 
papers give  to  these  cases. 
Symptoms   of   Polconing   and   Cla*siflc«tlon   of   Polaona.— i*)!!- 

picion  of  poisoning  is  aroused  if  a  person,  previously  in  godd  health, 
manifests  rather  suddenly  marked  pathologic  symptoms,  which  become 
rapidly  worse.  The  suspicion  becomes  more  Arm,  if  the  phenomena 
af^ar  a  short  time  after  swallowing  some  substance  which  may  per- 
haps have  an  unusual  odor  or  taste  i'  if  they  agree  in  character  with 
those  produced  by  some  group  of  poisons,  and  if  they  do  not  agree 
with  any  other  disease. 

With  reference  to  these  symptoms  several  claucs  of  polsona  are 
quite  well  defined: 

I,  Irtitanti.— These  produce  inflammation;  if  they  are  taken  by 
the  mouth,  there  is  pain  throughout  the  alimentary  canal,  vomiting, 
purging,  delirium,  coma.  Most  poisons  are  to  some  extent  irritant, 
so  that  these  symptoms  are  almost  universally  present.  The  irritants 
can  be  subdivided  into  corrosives,  which  produce  a  direct  destruction 
of  tissues;  and  simple  irritants,  which  do  not.  If  corrosives  are  taken 
by  the  stomach,  the  vomit  is  often  bloody. 

a.  Nerve  Poisons. —  These  act  on  the  neuromuscular  apparatus, 
and  include  most  of  the  poisons  which  are  fatal  in  minute  doses. 
They  are  subdivided  into:  Convulsants,  which  cause  spasms;  Sam* 
nlfcclents,  causing  sleep  and  coma ;  and  Cardiac  poisons,  which  stop 
the  heart 

3.  Blood  Poisons. —  Those  which  alter  the  hemoglobin  or  blood 
corpuscles.  These  include  the  toxic  gases,  the  nitrites,  etc.  Their 
action  is   generally  characterized  by  cyanosis. 

It  must  not  be  supposed  that  the  action  of  a  poison  is  confined  gen- 
erally to  one  class  of  structures  or  functions.  All  functions  suffer 
directly  or  indirectly,  and  whatever  the  class  to  which  the  poison  be- 
longs, the  final  cause  of  death  is,  in  almost  all  cases,  a  paralysis  of 
respiration,  preceded  by  the  phenomena  of  asphyxia.  In  virtue  of  the 
latter,  or  through  other  causes,  the  urine  often  contains  sugar. 

The  irritants,  and  especially  the  corrosives,  produce  lesions  which 
can  be  demonstrated  at  Autopsy,  With  other  poisons  the  post  mortem 
examination  is  generally  negative.  The  Spectkum  of  the  Blood 
shows  characteristic  changes  with  some  poisons.  These  are  also  apt 
to  cause  ecchymotic  discolorations  of  the  skin.  Antiseptic  poisons 
4elay  the  putrefaction  of  the  body,  so  that  mummification  may  result 
Convulsive  poisons  quicken  the  onset  of  rigor  mortis. 

Duties  of  the  Physician  in  Cases  of  Poisoning.— These  are  two- 
fold: to  save  life  or  suffering,  and  to  forward  justice.  The  former 
object  requires  the  removal  of  the  poison,  the  administration  of  chem- 
ical antidotes,  and  the  treatment  of  the  symptoms. 

For  the  detection  of  the  poison,  and  to  aid  in  fixing  the  guilt  on  the 
proper  person,  the  physician  must  carefully  observe  the  symptoms, 
take  possession  of  any  suspected  material,  medicine,  vomit,  etc.,  and 
in  case  of  autopsy,  preserve  the  stomach  and  its  contents,  the  intes- 
tines and  contents,  blood,  liver,  kidneys,  and  portions  of  other  organs, 
separately,  without  antiseptics,'  in  clean,  hermelically  closed,  glass  ves- 

gmable  la<le   could  , be  uwd    for  Cfiminal  poisoning,   except  wilh  infanl*:   but   • 

^°n™ noticed' until^a  large  amount  has  been  iwallowed. 

'Even    dlucoaJd   and    alkaloid   poisoni    can   be   iaolated    for 


,   Phenol,   &c).     Slrrchnii 
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scis,  which  should  be  sealed  with  wax.'  An  exart  turiltea  record  of  all 
the  observations  should  be  made  as  soon  as  possible. 

The  symptoms  in  cases  of  suspected  poisoning  are  very  rarely  suffi- 
cient to  affirm  the  presence  or  nature  of  a  poison,  although  they  may 
be  of  great  aid  to  the  analyst.  The  final  proof  rests  generally  as  the 
results  of  the  chemic  examination.  So  much  depends  on  this  analysis, 
that  it  should  never  be  undertaken  by  anyone  who  has  not  had  ex- 
tensive experience  in  this  class  of  work,  and  who  has  not  the  neces- 
sary facilities.  It  lies  entirely  outside  of  the  scope  of  the  practicing 
physician.  The  latter  should,  however,  be  familiar  with  the  general 
outline  of  the  process  used  for  isolating  poisons;  and  with  such  chemic 
tests  as  may  be  quickly  applied.  These  tests  are  often  valuable  for 
diagnostic  and  therapeutic  purposes.  The  physician  is  also  expected 
to  give  expert  testimony  on  toxicologic  questions,  and  to  do  this  in- 
telligently, he  must  have  at  least  an  elementary  knowledge  of  toxi- 
cologic analysis,  such  as  is  furnished  in  the  following  section. 

Some  poisons  can  be  demonstrated  much  better  by  tests  on  animals 
than  by  any  chemic  tests.  For  this  object,  they  should  be  isolated  in 
as  pure  a  form  as  possible,  by  the  methods  laid  down  in  this  section. 
The  application  of  these  life  tests,  which  have  nol  hitherto  received 
the  attention  that  they  deserve,  falls  peculiarly  into  the  province  of  the 
scientifically  trained  physician. 

OUTLINE  OF  TOXICOLOGIC  ANALYSIS.' 

The  first  duty  of  the  analyst  is  to  guard  the  material  confided  to 
him  from  the  wilful  or  accidental  introduction  of  poisons.  For  this 
purpose,  precaution  must  be  taken  that  no  other  person  has  access  to 
the  material ;  and  every  reagent  and  apparatus  must  be  tested  per- 
sonally. 

As  a  rule,  the  different  organs  must  be  kept  strictly  separated 
throughout  the  analysis.  It  will  depend  on  circumstances  whether 
the  analysis  of  the  individual  organs  is  made  at  the  same  time,  or 
successively.  If  the  latter  is  decided  on,  the  largest  organ,  or  that 
most  likely  to  contain  the  poison,  is  examined  first.  It  may  be  ad- 
visable, however,  to  mix  a  weighed  quantity  (one  fourth  or  one  third) 
of  the  communited  organs,  and  to  use  this  mixture  for  the  first 
analysis. 

Since  the  material  to  be  analyzed  is  usually  limited  in  amount,  and 
cannot  be  replaced,  the  examination  must  be  arranged  in  such  a  way 
that  as  many  tests  as  possible  can  be  made  successively  on  a  single 
sample  of  the  material.  An  economy  of  time  and  material  is  also 
secured  by  obtaining,  as  quickly  as  possible,  some  idea  of  what  poisons 
may  be  present.  This  may  be  done  by  some  easy  preliminary  tests, 
or  by  using  so-called  "  group-reactions "  which,  if  negative,  will  ex- 
clude a  number  of  substances.  The  symptoms  may  also  have  fur- 
nished some  important  hints,  but  should  never  prevent  the  complete 
examination  of  the  substance. 

During  the  isolation  and  the  preliminary  search  for  the  poison, 
only  the  most  important  tests  should  be  applied.  When  the  poison 
has  been  isolated,  however,  it  should  be  subiecied  to  every  known  test 
A  sample  of  the  isolated  poison  should  he  preserved,  in  stable  form. 

imprcu    Ibe    «al. 
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The  Syatematio  Examination  is  begun  by  a  careful  inspec- 
tion of  the  portions  of  the  alimentary  canal.  These  are 
opened,  and  extended  on  an  inverted  evaporating  dish,  mu- 
cous surface  upward.  Pathologic  lesions  are  looked  for, 
as  also  particles  of  the  poison  which  may  be  adherent.  A 
magnifying  lens  should  be  employed.  {Granules  of  arsenic 
have  often  been  isolated  in  this  way.)  The  contents  of 
the  alimentary  canal,  or  vomited  matter,  are  subjected  to 
a  similar  close  inspection.  The  odor  should  be  carefully 
observed. 

During  this  examination,  the  reaction  to  litmaa  paper  should  be 

noted    (caustic   acids   or  alkalies). 

Each  organ  is  then  hashed,  carefully  weighed,  and  replaced  in 
hermetically   sealed  jars.' 

For  the  actual  isolation  of  the  poisons,  each  organ  la  divided  Into 
several  parts,  carefully  weighed.  If  the  quantity  of  material  is  very 
scanty,  two  equal  portions  will  suffice;  one  is  reserved  for  preliminary 
tests,  easily  decomposable  poisons,  and  cotitrol ;  the  other  is  exam- 
ined successively  for  easily  volatile  poisons,  for  fixed  organic  poisons, 
and  for  metals. 

Ordinarily,  four  equal  portions  may  be  made:  I.  Volatile  poisons; 
then  for  tnetals.  11.  Fixed  organic.  111.  Preliminary  tests  and  de- 
structible poisons.    IV.  Control. 

Volatile  Poisoni —  A  portion  of  the  material  is  acidulated 
with  tartaric  acid  (adding  water  if  necessary),  and  distilled 
from  a  flask  or  retort  connected  with  a  Liebig's  condenser.* 
It  is  advisable  to  pass  a  slow  current  of  live  steam  through 
the  mass.  The  distillation  is  continued  until  about  two- 
thirds  of  the  liquid  have  been  collected.  The  distillate  is 
collected  in  three  portions,  and  tested. 

The  principal  preliminary  tests  which  arc  to  be  applied  to  the  distil- 
late are:  the  odor  (volatile  oils,  chloroform,  ether,  turpentine,  etc.); 
phosphorus  (see  below)  ;  carbolic  acid  (Exercise  X,  No.  i8r)  ;  HCN 
(Ex.  X,  No.  27b)  :  alcohol  (Ex.  X,  No.  29)'  ;  chloroform  and  chloral 
(Ex.  X,  Nos.  30  and  31). 

The  odorous  principles  and  hydrocyanic  acid  are  generally  found  in 
the  first  fraction  of  the  distillate,  phenol  and  chloral  in  the  last. 

Phosphorus. —  A  preliminary  test  for  this  element  must 
be  made  with  the  silver  nitrate  and  lead  acetate  papers  (see 
Exercise  10,  No,  33),  before  the  distillation  is  begun.     If 

'A«  BOOT   >9  Ihi   «bMnce  of  volsiile  paiaoni   hai  betn  provin,   the   contenii 
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this  test  indicates  its  presence,  the  condenser  is  set  upright 
(Fig.  43),  and  the  distillation  is  carried  on  in  a  darkened 
room.  All  air  is  expelled  from  the  apparatus  by  a  stream 
of  carbon  dioxid.  This  is  then  shut  off,  and  replaced  by 
live  steam,  the  flask  being  heated  at  the  same  time.  If 
phosphorus  is  present,  a  luminous  ring  appears  in  the  tubes 
or  condenser,  shifting  its  position  when  the  heat  applied  to 
the  flask  is  altered  (Mitscherlich's  Method).  The  appear- 
ance of  this  phenomenon  proves  the  presence  of  phosphor- 
us absolutely. 

There  are,  however,  quite  a  number  of  substances  the  presence  of 
which  interferes  with  the  formation  of  this  ring.  Almost  any  volatile 
substance  may  do  so ;  turpentine,  chloro- 
form, ether,  alcohol ;  and  alcohol  is  often 
present,  as  it  is  usually  given  as  an  anti- 
dote. 

The  absence  of  the  ring  does  not,  there- 
tore,  prove  the  absence  of  phosphorus. 
Tlie  distillate  will  contain  phosphorus  in 
the  lower  stages  of  oxidation,  as  phos- 
phorus or  hypophosphorous  acid.  The  best  | 
way  to  prove  phosphorus  in  this  is  to  add 
some  bromin  water  to  the  distillate  and  to 
evaporate  to  dryness.  Tliis  results  in  phos- 
phoric acid,  which  may  be  demonstrated  by 
magnesia  mixture  or  ammonium  moiyb- 
date.  The  quantitative  determination  of 
|ihosphorus  is  not  important;  because  if  it 
IS  present  at  all,  it  is  present  as  a  toxic 
agent 

Cyanids. —  The  presence  of  mere 
traces  of  hydrocyanic  acid  in  the  dis-  i  _ 
tillate  is  no  proof  of  poisoning,  since  "'"*■ 

these  may  have  been  introduced  in  the  way  of  food  (almonds 
or  other  seeds).  A  quantitative  estimation,  by  means  of 
silver  nitrate,  may  be  necessary.  The  qualitative  proof  also 
requires  two  further  precautions: 

With  the  method  which  we  have  Riven,  ferrocyanids  might  also  be 
decomposed  and  give  rise  to  hydrocyanic  acid ;  and  since  ferrocyanids 
are  not  toxic,  this  would  lead  to  wrong  conclusions.  To  eliminate 
this,  the  original  liquid  is  filtered  and  the  Prussian  blue  lest  applied  to 
it  directly.  Mercuric  cyanid  does  not  yield  its  hydrocyanic  acid  in 
this  treatment.  If  it  is  suspected,  the  material  must  be  treated  with 
hydrogen  sulphid. 

Dlatillation  from  Alkaline  Solution. —  It  is  sometimes  recom- 
mended to  add  water  to  the  residue  in  the  retort,  to  make  it  alkaline 
with  sodium  carbonate,  and  to  distill  again.  The  distillate  contains 
m,  amines,  chloroform  (if  chloral  was  present),  and  the  vola- 
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tile  alkaloids.  This  sl^  may  generally  be  omitted,  as  these  poisons 
are  discovered  in  other  parts  of  the  process;  or  a  small  sample  may  be 
heated  in  «  test-tube  with  sodium  carbonate,  and  the  odor  noted. 

Eztraotioii   of  Fixed   Oi^anic   Foisons The   extraction, 

separation  and  purification  of  these  poisons  are  based  on 
their  special  solubility  in  certain  solvents.  As  a  rule,  they 
are  all  fairly  soluble  in  acidulated  water  and  alcohol.  The 
neutral  principles  are  removed  from  the  acid  watery  solution 
by  ether  or  chloroform.  The  alkaloids  are  only  dissolved 
by  these  substances  after  the  addition  of  an  alkali. 

Various  methods  are  in  use.  The  most  practical  is  that  of  Stas- 
Otto,  sti^tly  modified: 

§  I.  The  poisons  are  first  brought  into  solution  by  boiling  the  ma- 
terial, if  solid,  with  about  five  parts  of  water  for  fifteen  minutes 
(or  the  residue  remaining  after  the  distillation  of  the  add  solution 
may  be  used).  The  mixture  is  cooled  and  strained.  This  removes  fat, 
coagulable  proteid,  fibre,  etc' 

§2.  The  strained  solution  is  evaporated  at  a  low  temperature  to  a 
syrupy  consistencjs  and  boiled  with  twice  its  volume  of  alcohol,  for 
fifteen  minutes.  The  evaporated  alcohol  is  replaced.  It  is  then  fil- 
tered, and  the  filter  washed  with  alcohol.  This  removes  salts,  HOtt- 
coagulable  proteids,  etc. 

§3.  The  alcoholic  filtrate  is  diluted  with  an  equal  volume  of  water 
and  fillered.  This  removes  resins,  fats,  etc.  (The  residue  maj'  be 
examined  for  cathartic  resins  and  croton  oil.)  (For  further  purifica- 
tion, the  filtrate  may  be  again  treated  by  §§z  and  3,) 

§4.  The  filtrate,  which  should  have  an  acid  reaction,  is  now  shakeit 
in  a  separatory  funnel  with  10  c.  c.  of  ether.  This  is  drawn  off,  and 
the  same  process  is  repeated  twice.  The  ether  removes  neutral  prin- 
ciples, picric  acid,  and  salicylic  acid.  It  is  filtered  and  allowed  to 
evaporate  in  a  glass  capsule,  and  the  residue  is  purified  and  tested 
for  these  acids,  for  caffeln,  cantharidin,  colchicin,  digitalin,  picrotoxin, 
and  the  coal-tar  antipyretics. 

§  s.  The  watery  solution,  remaining  from  the  extraction  with  ether 
in  the  last  paragraph,  is  now  made  fairly  alkaline  with  sodium  car- 
bonate {to  liberate  the  alkaloids)  and  again  extracted  with  ether,  as 
in  the  last  paragraph.  From  this  alkaline  solution,  the  ether  removes 
all  alkaloids  except  morphin.  The  ethereal  layer  is  filtered  and  evap- 
orated, the  residue  is  purified,  and  tested,  first  by_  potassium  mercuric 
lodid.  then  for  physostigmin,  apomorphin,  nicotin,  coniin,  veratrin, 
strychnin,     brucin,     atropin,     coeain,     codein,     narcotin,     emetin,     and 

§  6.  To  isolate  the  morphin,  the  watery  liquid  remaining  in  the  last 
parapraph.  is  made  acid,  then  alkaline  bv  ammonia,  and  shaken  at  once 
with  acetic  ether,  or  with  hot  amvl  alcoliol. 

S  7.  To  test  for  oxalic  arid,  the  original  substance  is  partly  dried, 
extracted  with  ^  c.  c.  of  dilute  hydrochloric  acid  and  20  c.  c,  of  boiling 
alcohol,  for  half  an  ho'ir.  filtered,  evaporated,  extracted  with  water, 
and  tested  by  Ex.  10,  No.  z.i.  Saulonin  and  Meconie  Acid  must  also 
be  extracted  by  special  methods, 

'  It  px>  without  sayino  that  the  remainina  masa  should  bt  wiahed.   in   every 


.dbyCoogle 


FIXED   ORGANIC   POISONS,  85 

Drmsendorff'a  Method. —  In  this,  a  more  extensive  separation  of 
the  poisons  is  obtained,  by  multiplying  the  solvents  and  operations. 
The  preliminary  treatment  is  as  per  II  i,  2,  and  3.  The  acid  solution 
is  then  exhausted  successively  by  the  following  solvents:' 


Petroleum 
Ether  

The  KESiDUE  left  by  the  evaporation  of  the  solvent  is: 

Volatile:     Phenol  and  essential  oils. 

Amorph.:    Capsicin. 

Cryst.  :     Volat. :   Picric   Acid,   Piperin. 

Cryst.:     Colorless.   Fusible,  and   Odorless:   Camphor. 

Benzol 

Amorph.:    Colorless    or    Pale    Yellow:    Colocynthin, 

Elaterin,  Populin. 
Amorph.:    Yellow:     Chrysammic    Acid,     Colchicine, 

Quassiin. 
Cryst.  :     Colorless :    Berberine,   Cantharidin,   Cascaiil- 

lin,  Cubebin,  Digital  in.   Santonin.  Theine. 
Cryst.:    Yellow:  Aloetin  (Picric  Acid,  Piperin). 

ChloTofbrm  .. 

Amorph.  :    Convallamarin.  Digitalin.  Jervine,  Saponin, 

Senegin,  Smilacin.  Syringin, 
Cryst.;    Cinchonine,     Helleborin,     Narceine.     Papa- 

Aniline.  Brucine,  Coniine,  Emetine,  Lobeline,  Methyl- 
coniine,  Nicotine,  Quinine.  Sabadilline,  Sarracenine, 
Sparteine,  Strychnine,  Tri  methyl  amine.  Veratrine. 


Aconellin,  Aconitine,  Atropine,  Brucine,  Cinchonine, 
Codeine.  Delphinine,  Emetine,  Ethyl-strychnine, 
Hyp  scy  amine,  Methyl -strychnine,  Napelline.  Nar- 
coiine,  Nepaline,  Physostigmine,  Quinine,  Sabadil- 
line, Sabatrine.  Strychnine.  Thehaine,  Veratrine. 


Celandine,    Cinchonine,    Morphine.    Narceine,    Papa- 


Klppenberser's  Method. —  This  possesses  (he  advanta^je  of  separat- 
ing the  Doisons  in  purer  form  from  the  start,  but  it  involves  tech- 
nical  difficulties.    It   depends   on   the   insolubility  of  the  I 

■  In    thi*  ubie  Ibe  illulotds  are  diitinguiihcd  from   the  neutral 
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proteids  in  glycerin,  whilst  the  organic  poisons  are  soluble  in  this 
medium.  The  solid  material  (say  loo  Gm.)  is  digested  for  two  days 
at  40°  C.  with  10  Gm.  tannin,  i  Gm.  tartaric  acid,  and  100  Gm. 
glycerin.  The  mass  is  expressed;  the  residue  is  washed  with  tannic 
glycerin.  The  fluids  are  diluted  with  water,  heated  to  50°  C,  and  fil- 
tered. The  filtrate  is  then  extracted  twice  with  petroleum  ether,  which 
removes  mainly  fats.  The  glycerin  layer  is  then  extracted  as  in  the 
Stas-Otto  method  {H 4  and  5),  but  using  chloroform  in  place  of 
ether. 

For  Ihe  (luriAcalioH  of  the  alkaloids,  the  residue,  left  by  the  evapora- 
tion of  the  chloroform,  is  dissolved  in  acidulated  water,  neutralized, 
and  at  once  precipitated  by  iodin-potassium-iodid.  The  precipitate  is 
collected  on  a  small  filler,  washed  with  cold  water,  dried,  and  dissolved 
in  hot  acetone.  The  filtered  acetone  solution  is  treated  first  with  al- 
kali, then  with  acid,  then  with  water ;  the  acetone  is  expelled  on  a 
water  bath,  and  the  remaining  watery  solution  is  decolorized  by  sodium 
hyposulphite.  The  solution  is  then  made  alkaline  with  sodium  carbonate 
and  extracted  with  ether  or  chloroform. 

Phyiiol<^  Tert*,—  The  poisons  isolated  by  these  methods 
are  often  not  sufficiently  pure  to  give  the  typical  chemic 
tests ;  furthermore,  certain  of  the  tests  are  closely  simulated 
by  ptomains.  This  holds  true  also  of  the  physiologic 
tests,  i.  e.,  the  effects  on  animals. 

These  similarities  have  been  found  with  the  following:  coniin,  col- 
chicin,  atropln,  delphinin,  digital  in,  morphin,  nicotin,  veratrin.  The 
only  way  to  distinguish  with  certainty  between  these  is  to  use  both  the 
chemic  and  the  physiologic  tests.  For,  as  far  as  is  known,  there  arc 
no  ptomains  which  give  both  the  chemic  and  physiologic  tests  of  one 
alkaloid. 

The  physiologic  tests  can  generally  be  obtained  with  fairly  impure 
preparations.  They  are  most  typical  in  the  case  of  strychnin,  atropiti, 
physostigmin,  aconite,  digitalis  group,  picrotoxin,  veratrin,  canthartdin, 
croton  oil. 

Irolation  of  Fixed  Inorganic  Poisons — The  absence  of 
many  metallic  poisons  can  be  quickly  shown  by  Reinsch's 
test  (see  Exercise  X,  No.  32).  This  does  not,  however, 
dispense  from  fui1:her  tests. 

The  residues  of  the  preceding  operations  may  be  used 
for  the  search  of  these  poisons.  The  usual  methods  of 
inorganic  analysis  are  followed ;  but  it  is  superfluous  to 
test  for  non-poisonous  constituents.  Only  an  outline  can 
be  given  here: 

A:    Destruction  of  Organic   Matter  and  Solution,^ — Method  of 

Presenilis  and  Babo.- — Organs  or  syrupy  residue,  plus  300  c.  c.  to  iflO 
C.  C.  of  arsenic  free  HCl  (1  :  a)  in  liter  flask :  heat  lukewarm.  Add 
4  to  6  Gm.  KClOi  in  0.5  Gm.  portions,  till  dissolved.  Evaporate  to 
about  100  c.  c.  (no  free  0>.  Dilute  to  400  C.  c.  Add  2  c.  c.  dilute 
H,SO.  Stand  overnight.  Filter.  Filtrate  =  B.  Residue  =  K. 
Filtrate  B,— Pass  through  filter  water  to  just  500  c.c    Use  50  c.c. 
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for  Marsh's  test  <see  L).  If  As  is  present,  use  balance  for  quantita- 
tive (see  C).  If  not,  evaporate  small  sample,  dissolve  in  10  c.  c.  water, 
add  NH,OH:  blue=Cii. 

C—  Heat  balance  of  filtrate  B  to  80°  C.  and  pass  arsenic  free  H,S ' 
for  2  or  3  hours,  until  cool.  Heat  again,  and  repeat  Stopper  and  set 
aside  in  warm  place  for  34  hours.  Precipilale  may  contain  Ai,  Sb,  Hg, 
Ca,  Pb.  It  may  be  used  for  the  quantitative  estimation  of  As,  or  for 
fnither  identification  by  D.     Filtrate^ I. 

D  (HfS  precifitate  of  C).— Wash  with  H,S  water,  warm  with  4  c.  c. 
atiunon.  sulphid,  4  c  c.  ammonia,  8  c.c.  water.  Filter.  Filtrale  =  E; 
Insoluble^  F. 

e  (FiltraU  of  D).— Evaporate  to  dry;  heat  with  HNO.  t 
yellow;  heat  to  expel  HNO,;  add  Na,CO.  and  NaNO.;  fuse; 
with  boiling  water;  add  2  Gm.  NaHCO.;  filter;  Fiilrate  cont 
and  may  be  used  for  quantitative.    The  insoluble  ^^Sbi  apply  t 

F  {Insoluble  of  D).— Oxidize  residue  and  filter  in  capsule  with  HCl 
and  KClOi;  filter;  dilute;  heat;  pass  HiS;  filter;  wash  precipitate  with 
warm  HNC    Fiilrate  =  G.    Precipilatt=H. 

0  (Filtrate  of  F).— Add  10  drops  dilute  HiSO.;  evaporate;  take  up 
with  water.    Residue  — Pb:  FillraU  =  Ca.     (Apply  tests.) 

H  (Precipitate  of  F). —  Oxidize  with  aqua  regia;  evaporate;  filter; 
dilute;  test  for  Hg. 

1  (Fiilrate  of  C).— Use  half  for  zinc,  half  for  chromium. 

Zn:      Neutralize   with   KOH;    acidulate   with    HjC.O,;   precipitate 
with  H,S ;   wash  precipitate  with  H,GO.  in  HtS  water   ('I  :  5)  ; 
incinerate,  precipitate  and  filter;  dissolve  in  dilute  H,SO.,  plus  a 
little  HNO,;  evaporate  dr^';  dissolve  in  H,0;  test  for  Zn. 
Cr:     Evaporate   to  just  moist;   mix  with   KNOi;   dry;   fuse;   dis- 
solve ;  test  for  chromate. 
K  (  Residue  of  /4).— Fuse  with  KNOh  Na.CO..  and  NH.NO,.    Sus- 
pend   in   HiO;   pass   CO,;   boil;    filter.     Dissolve   precipitate    in    dilute 
HNOt.    Test  this  solution  for  Ag,  Ba,  attd  Pb. 

L:  Marsli's  Te«t  (see  B). —  Produce  hydrogen  in  flask  by  acting 
on  pure  zinc  with  arsenic  free  HCl ;  pass  through  CaCW,  through  tubes 
drawn  out  at  several  places.  Heat  to  redness  at  the  thick  portion  of 
a  segment  (This  blank  test  should  be  continued  for  six  hours.)  If 
no  mirror  appears,  introduce  the  suspected  solution.  Black  mirror  oc* 
curs  with  arsenic  or  antimony.    They  may  be  distinguished  as  fol- 

ABSEMtC ; 

Mirror  beyond  heated  portion. 

f^rlic  odor  on  heating  in  air. 

Dissolves  in  hypochlorite. 

Easily  volatilized  when  heated 
in  hydrogen. 

Heated  in  air,  yields  easily  vola- 
tilized white  crystals. 

Healed  in  H,S,  yellow,  insolu- 
ble in  HO. 

Dissolved  in  HNO„  evaporated. 
plus  AgNOb  plus  vapor  of  NH^ 
red   or  yellow  precipitate. 


ANTIUONY  : 


Not  easily  volatiliied. 

Amorphous  white  residue,  not 
easily  volatilized. 

Red  (black  on  strong  heating)  ; 
soluble  in  HCl. 

No  color  in  cold ;  black  ('metal- 
lic Ag)  on  heating. 
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TREATMENT  OF  POISONING.' 

Whilst  every  case  of  poisoning  demands  to  be  treated  by  itself,  yet 
certain  general  principles  are  all  but  universally  applicable.  These  are 
tbe  more  important  since  the  nature  of  the  poison  is  so  often  un- 
known. 

The  first  peculiarity  of  poisoning  lo  deserve  especial  attention  is 
the  rapid  course.  This  demands  that  whatever  measures  are  taken, 
they  must  be  taken  quickly.  The  physician  should  therefore  be  thor- 
oughly familiar  with  the  general  rules  of  ireatment,  so  that  no  hesita- 
tion or  delay  occurs.  On  this  account  also,  the  antidote  nearest  to 
hand  should  be  used  in  preference  to  one  which  can  only  be  obtained 
with  delay,  even  if  the  latter  should  be  theoretically  preferable. 

The  treatment  of  poisoning  is  directed  against  the  cause  and  the 
symptoms.  The  former  consists  in  removing  the  poison,  or  in  render- 
ing it  harmless.  Since  neither  of  these  objects  can  usually  be  attained 
absolutely,  both  are  generally  attempted  at  once. 

Removal  of  the  Poiaon. —  The  measures  directed  to  this  end  must 
vary  with  the  site  to  which  the  poison  was  applied. 

On  the  skin  and  on  accessible  mucous  membranes  this  will  be  ac- 
complished by  a  thorough  washing  with  water.  This  will  also  be 
useful  by  diluting  the  poison.  If  the  poison  is  only  sparingly  soluble 
in  water  (as  phenol)  alcohol  may  be  employed.  Soap  may  be  useful, 
but  should  be  avoided  if  the  poison  is  an  alkali.  The  appropriate 
chemical  antidote  should  also  be  added  to  the  wash  water  (for  acids 
or  bromint  Soap  or  Linimentum  Calcis;  for  alkalies:  vinegar  or  lemon 
juice).  The  poisons  which  are  important  in  these  situations  are  all 
irritants,  and  the  further  treatment  consists  in  the  application  of  oils 
or  salves.  If  the  poison  has  been  applied  hypodermically  or  to 
■wounds,  !he  systemic  effects  may  be  lessened  by  preventing  or  retarding 
the  absorption  of  the  poison.  The  absorption  can  often  be  delayed  suffi- 
ciently so  that  the  drug  is  excreted  as  fast  as  it  is  absorbed,  and  doses 
which  would  otherwise  be  fatal  may  cause  no  effect.  The  best  means 
for  this  purpose  is  a  firm  ligature  applied  centrally  to  the  wound. 
Where  this  is  not  feasible,  sucking,  cautery,  or  excision  may  be  re- 
sorted  to. 

If  an  irritant  poison  has  been  taken  by  the  mouth,  the  oral  cavity 
and  the  pharynx  demand  the  same  treatment  as  would  the  skin. 

With  gaseoui  poiiona,  the  treatment  consists  in  free  ventilation 
of  the  lung,  using  artificial  respiration,  it  neces'ary.  and  oxygen. 

Removal  from  the  Alimentary  Canal.— This  is  always  the  first 
step  in  the  treatment  of  a  case  of  poisoning  by  mouth,  unless  the  symp- 
toms are  already  so  far  advanced  as  to  make  it  useless.  Even  if  the  poison 
has  been  administered  some  time  before  the  treatment  is  begun,  or  if 
it  has  been  given  hypodermically,  the  alimentary  canal  should  be 
cleansed,  since  many  poisons  (notably  morphin)  are  excreted  by  this 
channel,  and  then  again  reabsorbed.  The  only  contraindications  to 
the  emptying  of  the  alimentary  canal  are :  extensive  corrosion,  and  ad- 
vanced strychnin  poisoning.  Great  caution  and  careful  judgment  are 
required  in  these  cases. 

The  measures  for  the  removal  of  poisons  from  the  alimentary  canal 
consist  in  emptying  the  stomach  and  intestine.  A  cathartic,  how- 
ever, need  only  he  administered  after  the  acute  manifestations  are 
past.  Oily  cathartics  should  usually  be  avoided,  and  enemeta  are 
useless.    The  best  purgatives  in  poisoning  are  the  cathartic  salts  (15 

^Exercise*   14,    17,    18.  ig. 
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to  30  Gitis.  of  Masnesium  sulphate) ;  if  the  poison  is  not  an  irritant, 
ooi  Gm.  of  podopRyllin  may  be  added. 

Evacuation  ol  the  Stomach.— Vomiting  often  occurs  spontaneous- 
ly, but  even  in  this  case,  more  active  measures  are  generally  required. 
These  consist  in  the  administration  of  emetics,  or  in  lavage. 

Lavage  always  deserves  the  preference,  if  it  can  be  used.  It  cleanses 
the  stomach  much  more  effectually,  particularly  of  small  insoluble 
adherent  particles;  it  is  less  depressant  to  the  patient;  and  it  permits 
the  convenient  use  of  chemic  antidotes.  It  is  indispensable  with  de- 
pressant poisons  which  paralyze  ihe  vomiting  center  (such  as  deep 
morphin  or  chloral  poisoning). 

The  complicated  stomach  pump  has  been  generally  abandoned  for 
the  more  convenient  stomach  tube.  In  emergencies,  six  feet  of  soft 
rubber  tubing,  with  a  funnel  attached,  answers  very  well.  The  tube 
should  not  be  farced  down,  but  should  be  gently  pushed  to  the  pharynx, 
where  the  pharyngeal  muscles  will  grasp  it  and  push  it  further.  Care 
should  be  taken  to  avoid  overdistention  of  the  stomach ;  it  is  much 
better  to  use  small  quantities  of  fluid  frequently.  If  there  is  much 
pain,  0,05%  to  0.1%  of  cocain  may  be  added  to  the  wash  water.  If 
there  is  trismus,  or  the  patient  resists,  the  tube  may  be  passed  through 
the  nose- 
Emetic  ■  have  the  advantage  of  greater  convenience,  and  avoid 
struggling.  They  should  be  repeated  every  fifteen  to  thirty  minutes, 
if  necessary. 

A[-omoTphin.—  \5  mg.  (grain  '/.o  in  1%  solufion  =  o.s  c.c.  or  111  s] 
hypodermically.  This  is  the  only  emetic  which  can  be  given  by  the 
skin,  and  is  therefor  particularly  useful  if  the  patient  resists.  It  is 
very  prompt  and  certain,  but  rather  more  depressing  than  the  following 

Copf'er  Sulphate  or  Zinc  Sulphate— About  1  Gm.  (a  knife-pointful) 
in  half  a  glass  of  water.  These  act  promptly  and  with  a  minimum 
of  depression,  but  should  not  be  given  if  the  poison  is  a  corrosive. 

Ipecac. —  A  teaspoonfu)  of  the  powder  in  water,  or  a  tablespoon  of 
the   wine.     Uncertain,   and   produces   considerable   depression. 

Mustard. —  A  teaspoonfu!  stirred  in  a  tumbler  of  warm  water.  This 
is  the  most  uncertain  of  these  emetics,  but  useful  in  emergencies. 

Neutralization  of  the  PolBon  —  Chemical  Antidotes.— The  ob- 
ject of  these  is,  to  render  the  poison  incapable  of  acting,  or  of  being 
absorbed.  They  accomplish  this  by  enveloping  the  poison  with  an 
impenetrable  coating,  or  by  precipitating  it.  or  by  destroying  it.  Since 
these  antidotes  are  hindered  in  their  action  by  the  presence  of  food, 
and  since  the  precipitates  are  not  perfectly  insoluble,  it  is  well  to 
combine  them  with  lavage  or  emesis,  adding  the  antidotes  to  the 
wash  water,  or  giving  them  in  the  interval  between  vomiting ;  they 
must  be  repeated  frequently. 

DemKlcenIs  (raw  eggs,  acacia,  boiled  starch  or  flour,  milk,  ad 
libitum).— These  act  Iw  lessening  absorption;  by  allaying  inflamma- 
tion ;  and  in  the  case  of  metals,  by  precipitation. 

Pi«clpitanti,— The  most  universally  applicable  of  all  precipitants 
is  tannin  (a  teaspoonful  of  tannic  acid,  or  preferably,  very  strong  hot 
tea,  ad  libitum).  The  efficiency  will  be  increased  by  the  addition  of 
sodium  acetate  or  bicarbonate,  and  diminished  by  alcohol  and  acids, 
since  the  precipitates  are  soluble  in  these  media. 

From  the  experiments  of  Kiefer  (1892).  on  tannin,  and  SoUmann 
{1901),  on  tea,  it  may  be  deduced  that  these  are  useful  against;  Apo- 
morphtn.  Cinchona  alkaloids,  Hydraslin,  Strychnin,  Veratrin,  Digi- 
talis, Antipyrin,  Colchicin;  and  the  metals:  Pb,  Ag,  Al,  Co,  Cu,  NL 
Ur,  Zn,  Fe. 
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Scarcely  useful  against;  Cocain,  Bnicin,  Aconitin,  Lobelin,  Nicotin, 
Pilocar^in,   Codein,  Muscarin,  Physostigmin,  Solanin. 

Practically  useless  against;     Atropin,  Coniin,  Morphin,  As,  Sb,  Hg. 

Of  other,  specific  precipitanU,  the  following  should  be  remembered; 
For 

Alkaloids. —  Tincture  or  compound  tincture  of  iodin,  15  drops  in 
half  a  glass  of  water. 

Melius  (especially  mercury). —  Raw  eggs. 

Arsenic.— hrsexiic  antidote   (see  Index). 

Barium. —  Sulphates   (Glauber's  or  Epsom  salt). 

Ojoio/«.^  Calcium   (limewater,  chalk,  whiting). 

Phosphorus.  Copper  sulphate  or  Oxidized  (old)  Turpentine.  <The 
former  envelopes  the  phosphorus  with  an  insoluble  coating  of  metallic 
copper.     Turpentine  forms  the  insoluble  turpentine-phosphoric  acid.) 

Antidotea  Which  Destroy  the  Poiaon  in  the  Alimentary  Canal.— 
(These,  for  the  most  part,  will  not  be  useful  after  the  poison  is  ab- 
sorbed.) 

Adds. —  Alkalies   (burnt  magnesia,  soap,  chalk,  baking  soda). 

Alkalies. —  Weak  acids  (vinegar,  lemon  juice). 

Organic  Poisons  ^Alkaloids,  Glueosids,  etc.)  and  Phosphorus. — 
Oxidizing  agents,  especially  Polassium  permanganate,  i  Gm.  (one- 
third  teaspoonful)  in  a  pint  of  water.  Care  must  be  taken  that  no  un- 
dissolved crystals  are  administered;  HiOi.  (In  case  of  snake  bile, 
the  powdered  permanganate  may  be  rubbed  into  the  wound,  after  free 

Hydrocyanic    Acid. —  The    above,    also    arsenic    antidote,    hydrogen 
peroxid,  and  hyposulphite  of  sodium. 
Carbolic  Acid. —  Sodium  sulphate ;  alcohol. 
Antidotea  Which  Deatroy  Poisons  After  They  Are  Absorbed.— 

To  be  effective,  these  must  he  given  hypodermieally  or  intravenously. 
The  best  known  examples  of  this  class  are  the  antitoxic  sera.  The 
following  are  also  useful :  Sodium  hyposulphite  against  hydrocyanic 
acid;  and  sodium  carbonate  against  mineral  acids. 

Removal  of  Poisons  After  Their  Absorption— This  can  be  ac- 
complished by  increasing  Ihe  excretions.  The  elimination  by  the 
alimentary  canal  has  been  discussed.  The  principal  remaining  chan- 
nels are  the  urine  and  sweat,  of  which  the  former  is  by  far  the  more 
important. 

Diuretics. —  Water,  especially  as  weak  tea  or  carbonated  drinks ; 
diuretin;  potassium  acetate   (irritant  diuretics  should  be  avoided). 

Diaphoretics. —  Hot  drinks;  heat;  pilocarpin  (if  not  contraindicated 
by  pulmonary  edema).  Diuresis  and  diaphoresis  often  fail,  partly 
because  they  are  too  slow,  partly  because  not  all  poisons  are  eliminated 
by  these  channels. 

Infusion  of  Normal  Saline  Solution  (i  Liter  of  0.9%  injected  under 
the  skin  of  the  subclavicular  region)  increases  elimination  by  all  chan- 
nels. Bleeding  may  be  resorted  to  in  some  cases.  Up  to  a  liter  of 
blood  may  be  drawn,  a  double  quantity  of  salt  solution  being  in- 
Symptomatic  Treatment. —  The  symptoms  produced  by  poisons 
can  often  be  lessened  or  removed  by  the  use  of  drugs  having  an  oppo- 
site action.  It  is  not  to  be  supposed  that  these  physiologic  antidotes 
really  lessen  the  action  of  the  poison,  although  they  cover  its  synm- 
toms.    But  by  tiding  the  patient  over  the  dangerous  period,  and  by 

freventing  exhaustion,  they  are  often  potent  means  of  saving^  life. 
t  must  be  remembered,  however,  that  large  doses  of  the  antidotes 
often  cause  effects  similar  to  those  of  the  poison,  which  may  add  to 
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the  fatality  of  the  latter.    They  must  therefore  be  used  in  appropriate 
small  doses. 

It  is  not  purposed  to  enter  in  this  place  into  the  special  physiologic 
antidotes,  but  we  shall  take  up  only  those  .measures  which  are  gener- 
ally useful. 

These  measures  are  directed,  in  the  order  of  their  importance,  to: 
stqiporting  the  respiration,  heart,  and  vasomotor  tone;  to  lessen  cool- 
ing, pain,  and  convulsions,  and  coma.' 

Respiration.— This  is  usually  the  first  function  to  fail,  and  ac- 
celerates the  other  actions  of  the  poison  through  the  convulsant  and 
paralytic  effects  of  asphyxia,  and  by  preventing  the  destruction  of 
poisons  through  oxidation.  For  these  reasons,  it  is  well  not  to  wait 
with  the  supporting  measures  until  the  respiration  has  actually  failed, 
but  to  begin  as  soon  as  it  shows  signs  of  weakening.  The  measures 
consist  in  direct  or  reflex  stimulation  of  the  respiratory  center;  in 
artitkiai  respiration ;  and  in  the  administration  of  oxygen. 

ReHex  ttimuhtion  of  the  respiratory  center  is  the  quickest,  but  can 
not  be  kept  up  as  long  as  the  direct  stimulation.  It  may  be  secured 
by  the  administration  of  ammonia,  by  inhalation  of  ammonia  water 
or  smelling  salts,  or  by  aromatic  spirits  of  ammonia  (half  a  teaspoon- 
ful  in  a  glass  of  water)  ;  the  alternate  application  of  heat  and  cold 
(whipping  with  wet  towels)  ;  friction  with  alcohol,  or  camphorated 
oil :  hypodermic  injection  of  brandy,  whiskey,  or  ether ;  mustard 
plasters. 

Direct  Stimulation  of  the  Respiratory  Center. —  By  strong  hot  coffee, 
strychnin  (0.002  Gms.)  or  atropin  (o.ooi  Gnv).  The  respiration  may 
also  be  raised  by  improving  the  circulation.  Saline  infusion  is  also 
very  effectual, 

ArttScial  Respiration. —  This  should  be  resorted  to  whenever  the 
above  measures  are  inelfectual.  Any  of  the  commonly  used  methods 
(also  rhythmical  stimulation  of  the  phrenic  nerve)  may  be  used.  The 
mechanical  distention  of  the  lungs  also  seems  to  cause  a  reflex  lower- 
ing  of  the  excitability  of  the  nerve  centers,  thereby  lessening  the 
tendency  to  fatigue  in  convulsant  poisoning.  It  should  be  remem- 
bered that  very  prolonged  and  violent  artificial  respiration  may  injure 
the  lungs.  It  should  also  be  remembered  that  artificial  respiration  is 
apt  to  induce  apnea,  so  that  the  patient  does  not  breathe  spontaneously 
simply  because  there  is  not  enough  COi  in  the  blood  to  stimulate  the 
re^ipiratory  center.  If  the  heart  is  strong,  the  artificial  respiration 
should  therefore  be  intermitted  occasionally  for  a  short  time. 

Oxygen. — This  will  be  useful  in  every  case  of  failing  respiration, 
and  particularly  if  an  asphyxiant  gas  is  the  cause  of  the  poisoning. 

Heart. —  It  appears  to  be  impossible  to  stimulate  a  poisoned  heart 
directly.  The  best  results  are  obtained  by  the  injection  of  normal 
saline,  possibly  with  the  addition  of  some  suprarenal  alkaloid 
(1  -.loOfiCO).  Digitalis  is  usually  unsuccessful.  Strong  rhythmical  pres- 
sure (rate  of  too  per  minute)  over  the  cardiac  region  of  the  chest, 
may  be  helpful.  A  fatigued  heart  can  often  he  revived  by  lowering 
the  blood  pressure  by  alcohols  or  amyl  nitrite,  or  by  withdrawal  of 
blood. 

Vaaomotor  Stimulation.— This  is  usually  accomplished  by  the 
reflex  stimulants  mentioned  under  respiration.  Lowering  of  the  head 
and  bandagingthe  extremities  is  often  sufficient. 

Cooling. —  This  is  prevented  by  the  application  of  external  heat; 
Pala  by  morphin,  or  if  local,  by  cocain ;  Convuliiona  are  controlled 

■  Ccnuult    ExerciK  48. 
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by  the  cautious  inhalation  of  chloroform;  Conn  by  reflex  stimulants, 
coffee,  and  atropin. 
Methoda    of    Administering    Antidotes Physiological    antidotes 

should  be  given  hypodermically  or  intravenously,  if  possible.  This  ob- 
viates the  loss  of  the  antidote  through  vomiting,  and  the  action  is  in 
every  case  more  prompt  and  more  certain.  If  the  circulation  is  very 
low  the  absorption  of  hypodermic  injections  may  also  be  very  slow. 
It  is  therefore  well  to  thoroughly  massage  tlie  site  of  the  injection, 
and  if  the  circulation  has  almost  stopped,  to  employ  vigorous  rapid 
rhythmical  compression  oC  the  heart  (this  maintains  a  fairly  efficient 
artificial  circulation  even  after  the  heart  has  stopped  beating). 

RESUME  OF  THE  GENERAL  TREATMENT  OF  POISONING. 
Promptness  is  of  vital  importance.  The  physician  should 
be  familiar  with  antidotes;  he  should  have  these  antidotes 
readily  accessible;  he  should  plan  his  treatment  on  his  way 
to  the  patient.  If  he  finds  the  condition  of  the  patient 
dangerous,  he  should  at  once  proceed  to  relieve  the  symp- 
toms. Otherwise  he  should  first  administer  the  chemical 
antidote  and  evacuate  the  stomach ;  apply  heat ;  attend  to 
the  respiration,  to  pain,  to  any  other  symptoms;  give  a 
diuretic,  and,  finally,  a  cathartic. 

Antidotci  for  First  Aid. —  Every  physician  (and  every  drug-store) 
should  keep  the  following  antidotes  together,  in  a  special  satchel 
{"Antidote-Bag")  so  that  they  can  be  readily  transported.  The  dose 
should  be  written  on  each  container.  Amyl  nitrite  pearls;  Apomor- 
phin  tablets,  2  mg. ;  Atropin  tablets,  i  mg, ;  Caffein  Citrate ;  Chloro- 
form; Cocain  hydrochlorid  tablets,  0.01  Gms.  (2  to  4  per  quart); 
Compound  tincture  iodin;  Copper  sulphate,  powdered;  Lime  Water; 
Magnesia,  calcined;  Potassium  permanganate,  1%  solution  (to  be 
diluted  ten  times);  Sodium  sulphate;  Spir.  Ammon.  Arom. ;  Stryehnin 
sulphate  tablets,  2  mg. ;  Whisky;  also  a  hypodermic  syringe  in  good 
order,  and  a  stomach-lube  with  funnel. 

Tbe  following  should  be  demanded  at  the  house  of  the  patient: 
Boiled  water;  Coffee  (strong,  hot,  and  black);  Eggs;  Hotwater  bags; 
Milk;  Mustard;  Salad  oil;  ^It;  Soap;  Starch,  boiled;  Tea,  Vinegar. 


CHAPTER  VI. 

PRESCRIPTION  WRITING;  FLAVORING. 

(A)  PRESCRIPTION  WRITING. 

Definitions — A  prescription  is  an  order  for  medicine, 
sent  by  a  physician  to  a  pharmacist.  It  consists  of  the  fol- 
lowing parts  (in  this  order)  : 

1.  Superscription:  The  heading  (R), 
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3.  Inscription:  The  ingredients  and  their  amounts. 

3.  Subscription:  The  directions  to  the  dispenser, 

4.  Signature:  The  directions  to  the  patient. 

The  prescription  should  also  bear  the  signature  of  the 
physician,  the  date,  and  the  name  of  the  patient. 

The  Inscription  may  consist  of  but  one  ingredient.  If 
several  are  used,  they  should  be  placed  in  the  following 
order : 

Basis:   the  principal  substance. 

Adjuvant:  the  substance  which  is  used  to  aid  the  action 
of  the  basis. 

Corrective:  whose  purpose  it  is  to  modify  or  correct  an 
undesirable  action  of  the  basis. 

Vehicle:  the  indifferent  substance  used  to  dilute  the 
active  ingredients. 

The  inscription  is  always  written  in  Latin,  which  has 
various  advantages  over  English  for  this  purpose: 

In  the  first  place,  the  names  of  the  drugs  are  more  defi- 
mte,  concise,  and  unchangeable.  There  is,  as  a  rule,  but 
one  Latin  name  for  each  drug,  whereas  in  English  the  same 
substance  may  have  several  names,  or  the  same  name  may 
designate  several  entirely  different  substances.  Further, 
it  is  often  desirable  to  have  the  patient  ignorant  of 
what  mediciile  he  is  taking.  On  the  one  hand,  if  he  pos- 
sesses this  knowledge  he  very  frequently  has  preconceived 
ideas  of  the  action  of  the  medicine,  and  will  either  take  it 
in  excessive  amounts  or  will  neglect  to  take  it  entirely,  or 
interfere  with  its  action  in  some  other  way.  On  the  other 
liand,  it  will  encourage  the  habit  of  self-medication. 

The  directions  to  the  dispenser  are  generally  written  in 
Latin.  There  is,  however,  no  necessity  and  no  advantage 
in  this.  Usually  it  Is  sufficient  for  this  purpose  to  write 
simply  the  letter  M  (misce)  below  the  inscription. 

The  directions  to  the  patient  (signature)  are  always  writ- 
ten in  English,  so  that  the  patient  can  read  them.  The 
directions  should  be  made  as  complete  as  possible,  and 
should  include  everything  which  it  is  necessary  for  the 
patient  to  know.  The  habit  of  giving  verbal  instructions 
to  patients  and  of  having  the  medicine  labeled  "  use  as 
directed  "  cannot  be  too  much  discouraged.  Aside  from 
the  fact  that  human  memory  is  extremely  apt  to  fail,  the 
patient  or  relatives,  when  the  prescription  is  given  to  them, 
are  usually  in  a  more  or  less  excited  frame  of  mind,  and 
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cannot  be  relied  upon  to  remember  what  is  told  them. 
Medicines  intended  for  external  application  should  be 
plainly  labeled  to  that  effect,  and  when  a  medicine  contains 
poison,  it  should  be  so  labeled,  except  when  there  is  special 
objection  to  this. 

The  cttstom  of  havfng  prescriptions  "  reHlled "  obtains  in  many  lo- 
calities. Whereas  it  is  often  impossible  for  the  physician  to  put  a 
stop  to  this  practice,  it  is  absolutely  necessary  that  he  should  prevent 
such  prescriptions  beinp  refilled  which  contain  narcotics  or  other  druga 
likely  to  cause  a  habit.  He  can  attain  this  result  by  writing  "  non 
repelatur"  under  the  prescription.  The  druggist  refilling  this  will  do 
so  on  his  own  responsibility. 

When  the  patient  is  very  poor,  it  is  often  customary  to  invite  the 
druggist  to  charge  him  the  lowest  terms  by  writing  P.  P.  (Pauperissi- 
mus)  under  the  prescription.  It  is,  of  course,  not  just  to  do  this  if 
the  physician  himself  receives  a  regular  fee, 

GENERAL   HINTS    ON    PRESCRIPTION-WRITING. 

General  Hinta. —  The  subject  of  prescription-writing  seems 
to  possess  almost  insurmountable  difficulties  for  the  student. 
There  is,  perhaps,  no  other  subject  in  the  whole  course  of 
study  which  he  finds  more  discouraging  and  finishes  with 
less  satisfaction.  Nevertheless  the  principles  upon  which  it 
is  based  are  few,  simple,  and  easily  memorized.  When 
asked  for  them,  the  student  usually  has  no  difficulty  in 
answering  the  questions.  The  difficulties  appear  when  he 
tries  to  put  these  principles  into  practice.  But  it  is  the 
same  with  any  other  art :  nothing  but  practice  will  give 
expertness.  The  student  who  would  master  this  subject 
must  not  rest  content  with  doing  the  few  exercises  which 
can  be  given  him  in  class.  As  he  studies  each  drug,  or  as 
he  reads  up  the  treatment  of  diseases,  he  should  himself 
compile  such  prescriptions  as  the  subject  su^ests.  This 
will  not  only  aid  him  in  prescription  writing,  but  in  phar- 
macology and  therapeutics  as  well.  It  is  only  in  this  way 
that  he  can  acquire  the  necessary  self-confidence  and  skill. 
In  this  home-practice,  method  and  detail  should  be  culti- 
vated, for  in  these  lies  the  secret  of  the  art.  The  following 
rules  may  prove  helpful : 

When  writing  a  prescription  for  a  given  condition,  put 
down,  first,  the  name  of  the  best  remedy-  Ask  yourself 
whether  there  is  any  other  drug  which  may  be  employed  to 
aid  or  usefully  modify  this.  Put  this  down  also.  Then 
consider  in  which  form  the  medicine  should  be  adminis- 
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tered,  whether  as  liquid,  powder,  salve,  etc.*  This  will 
usually  determine  which  preparation  of  the  ingredient  is  to 
be  employed.  Put  this  down  also.  Then  ask  yourself 
what  may  be  added  to  render  the  mixture  agreeable  to  the 
patient.  When  this  is  written,  all  the  ingredients  will 
be  represented.  Now  look  over  these  carefully  and  see 
that  there  are  no  incompatibilities  and  that  the  constituents 
are  soluble  if  the  mixture  is  to  be  a  liquid.  Write  the 
directions  to  the  dispenser.  Assure  yourself  that  the  pre- 
scription is  grammatically  correct  (especially  the  endings). 
Decide  how  many  days  the  mixture  is  to  be  taken,  and  how 
many  doses  a  day  (on  the  basis  of  sixteen  hours  to  the  day). 
Decide  whether  the  dose  of  the  total  mixture  is  to  be  a  tea- 
spoonful,  tablespoonful,  etc.  By  multiplying  the  total  num- 
ber of  doses  with  the  size  of  the  single  dose,  ascertain  the 
approximate  size  of  the  mixture.  Round  this  off  to  a  con- 
venient figure.'  Multiply  the  single  dose  of  each  ingredient 
by  the  total  number  of  doses  (again  reducing  the  quantities 
to  round  numbers,  unless  the  constituent  is  very  active). 
Check  the  doses.  Write  the  directions  to  the  patient.  Con- 
sider whether  a  non-repetatur  is  advisable.  Affix  your 
signature,  the  date,  and  the  name  of  the  patient.  This 
finishes  the  prescription.  Look  over  the  result  carefully 
in  the  same  order. 

It  would  seem  almost  superfluous  to  mention  that  it  is 
extremely  essential  in  writing  prescriptions  to  use  as  legible 
ftandivrititig  as  possible.  It  is  astonishing,  in  view  of  the 
dire  results  that  may  follow,  how  often  this  self-evident 
rule  is  disregarded.  The  same  remarks  apply  to  abbrevia- 
tions.    While  it  is  justifiable  to  employ  abbreviations  even 

■  If  llie  medicine  is  inUnded  for  exteshal  dsi.  il  may  be  prescribed  as: 
Plailer:     If  the  .Mion  i>  to  be  prolonged  and  iuperficisl. 
Ointment:    If  Ihe  action  it  to  be  deeper. 
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'Fluids  ahoDid  be 

prescribed 
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1   ibe  botlln 

nst  use  (i;.  30.  60.  1: 

15.  ISO,  100 
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.0  e.  c.) 

'   (M.  ■ 

.  2 

;  4:  G: 

S  and  16  0U1 

for  teaapoon  doses,  30  to  115  c.  c  (1  to  4  J);  for  gartles  and  injection 
ISO  c.  e.  (I  to  6  ^):  loliooB,  tao  to  200  c.  c.  (4  to  8  5);  tablespoon  doies 
400  c  c  (6  to  iG  y.  KWt  ire  prescribed  in  namben  of  5  to  15:  powders, 
obtmentt,  lo  to  30  Gm*     W  to  i  3), 
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extensively,  it  is  necessary  to  make  these  in  such  a  way  that 
they  cannot  possibly  be  misinterpreted.  This  is  learned 
best  in  class  practice.' 

An  efficient  aid  in  acquiring  practice  in  writing  prescrip- 
tions is  to  look  over  a  druggist's  prescription  file,  when  this 
may  be  done. 

The  copying  of  a  prescription,  ingredient  for  ingredient 
and  dose  for  dose,  is  as  much  empiricism  as  the  use  of  any 
other  ready-made  compound.  The  physician  should  be  well 
enough  educated  to  devise  his  own  prescriptions  and  to 
select  such  ingredients  as  will  best  suit  the  special  needs  of 
the  case  in  band. 


The  following  is  the  type  of  a 

Superscription    

Inscription:     Basis  

Adjuvant  

Corrective   

Vehicle    

Subscripliott  

Signaltire    


mplete  prescription: 
R  Gm.  vel.  C.C. 

TinctursK  Aconiti 0  I  45 

Spirilus  Athens  Nitrosi 15 

Liquoris  Amtnonii  Acetatis,i5 
Elixiris    Aromatic! 30  | 


Jar 


Simplicity  in  Prescription  Writing —  Formerly  the  ingre- 
dients of  a  prescription  were  almost  numberless.  This  was 
in  the  time  of  empiricism,  and  was  simply  an  application  of 
the  idea  that  in  a  large  mixture  of  substances  there  would 
probably  be  one  which  would  do  good.  This  was  the  so- 
called  "  shot-gun  prescription."  At  present  the  tendency 
in  prescription  writing  is  to  make  the  prescription  as  simple 
as  possible.  This  avoids  the  chances  of  incompatibilities, 
and,  what  is  more  important,  makes  the  action  of  the  medi- 
cine more  easy  to  watch  and  control. 

If  the  prescription  includes  a  number  of  mixtures,  each 
containing  several  ingredients,  such  as  the  numberless 
preparations  now  put  on  the  market  by  many  firms,  the 
result  is,  of  course,  as  much  a  "  shot-gun  "  prescription  as 
if  the  prescriber  had  enumerated  all  the  ingreidients. 

Hazimal  roaefl —  Tlie  pharmacist  is  supposed  to  check  the 
quantities  of  the  ingredients,  and  not  to  dispense  a  prescrip- 
tion containing  an  unusual  dose  of  a  powerful  poison  with- 

'The  Buthor  haa  found  it  vrry  usfful  in  clais-practice  in  prescription 
writing,  to  make  lome  of  the  siudents  in  turn  work  out  the  prescriptions  on 
the  blackboard,  and  lo  subject  Ibcse  10  the  criticism  of  tbc  class. 
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out  convincing  himself  that  the  physician  prescribed  this 
intentionally.  While  this  does  not  in  any  way  lessen  the 
responsibility  of  the  physician,  it  is  a  safeguard  which  de- 
serves all  encouragement.  To  avoid  delay,  it  is  customary 
to  mark  such  large  doses  in  such  a  way  that  the  pharmacist 
will  have  no  doubt  that  they  are  intentional.     Thus : 

Tr.  aconiti,  3j ;  or  3j !;  or  3j  Q.  R.  (quantum  rectum), 
the  last  being  the  best. 

The  student  should  familiarize  himself  thoroughly  with 
these  "maximal  doses,"  i.  e.,  the  largest  doses  which  are 
ordinarily  administered.  These  are  given  in  the  following 
table.  The  maximal  dose  should  be  used  at  most  three 
times  a  day.  The  ordinary  dose  is  generally  one-fifth  to 
one-half  of  the  maximal. 


TABLE   VIII.— MAXIMAL   SIKGLE   DOSES.' 


Atn^in    

Scopolunin  . . . 

Hyoscin   

Fhrsostigmin  . 

Digitoxin  

Phosphorus   ... 


Pilocarpiii    

Apomorphin    

Mercuric  Baits.... 
Silver   Salts 


Ext  Nuc  Vom... 

Cbcain  

OI.   TigliL 


Coddn    

Plimibi  Acet 

Podophj'llin  

Santonin    

Ext  Cannabis  Ind, 


Opium  . 


Ant.  Pot.  Tart... 

Tr.    lodi 

Fol.  Digitalis 


Acetanilid    

Chloroform  . . . . 
Bromoform  .... 

Creosote  

Liquid  Arsenic 


Tr,  Strophanthi. .. 

Copper  Salts 

Zinc  Salts 

Caffein    Citr 

Theobromin    

Phenacetin  

Tr.  Nuc.  Vom, . . , 

Pv,  Ipec-etOpii... 
Tr.  Digital  {io%) 

Tr.   Opii..., 

Tr.  Aconiti  (io%) 


touomatio  ConstrnctioiL  of  Freaoriptioiu. —  The  heading, 
inscription,  and  often  the  subscription  are  written  in  Latin. 
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A  slight  knowledge  of  the  rules  of  grammar  of  this  lan- 
guage is  therefore  essential.  It  is  supposed  that  this  is 
possessed  by  the  student,  and  the  following  is  intended 
merely  to  recall  some  of  the  more  important  facts : 

The  superscription,  R  (recipe:  "take  thou"),  requires 
the  name  of  the  substance  to  be  in  the  genitive,  if  the  quan- 
tity is  given,  the  quantity  itself  being  in  the  accusative  (the 
latter  is,  of  course,  very  rarely  written  out  in  full).  When 
the  quantity  is  not  given,  the  name  of  the  substance  is  to  be 
placed  in  the  accusative.  Adjectives  agree  with  their  nouns 
in  gender,  number,  and  case. 

These  rules  will  generally  be  understood  by  translating 
into  English ;  e.  g.,  Take  thou  of  tincture  of  aconite  one 
ounce. 

The  following  niles  for  the  formation  of  the  genitive 
case  will  be  found  valuable  ("Mann's  Manual"): 

Rule  i. —  All  nouns  ending  in  a,  form  the  genitive  in  ae; 
as  Quinina,  Quininae.  Exceptions:  Aspidosperma,  Physo- 
stigma,  and  Theobroma  form  the  genitive  in  atis.  Folia 
is  plural ;  genitive,  foliorum. 

Rule  2.-7  All  nouns  ending  in  us,  um,  os,  on,  form  the 
genitive  t'n  i ;  as  Conium,  Conii.  Exceptions:  Rhus,  gen. 
Rhois ;  Flos,  gen,  fforis ;  Erigeron,  gen.  Erigerontis.  Fruc- 
tus,  Comus,  Quercus,  Spiritus,  do  not  change. 

Rule  3, —  All  other  nouns  of  whatever  termination  make 
the  genitive  in  s,  or  is.     Elixir,  gen.  Elixiris. 

Some  lengthen  the  termination  thus : 

'  as,  genitive  atis ;   as  Acetas,  Acetatis. 

is,        "  idls;   as  Anthemis,  Anthemidia. 

o,         "  onis;  as  Pepo,  Peponis. 

X,         "  cis;     as  Cortex,  Corticis. 

There  are  a  few  exceptions.  Asclq>ias,  gen.  Asclepiadis ;  Mas,  gen. 
Maris;  Phosphis,  Sulphis,  etc.,  gen.  itis;  Mucilago.  gen.  Mucilaginis; 
Solidago,  gen.  Solidaginis ;  Pulvis.  gen.  Pulveris,  etc. 

The  following  words  do  not  change  in  their  genitive;  Azedarach, 
Buchu,  Cannabis,  Catechu,  Condurango,  Comus,  Curare,  Cuaso,  Fructus, 
Digitalis,  Hydrastis,  Jaborandi,  Kino,  Matico,  Quercus,  Sassafras,  Sago. 
Sinapis,  Spiritus,  Gambir,  Sumbul, 

The  accusative  is  rarely  employed.  It  is  formed  accord- 
ing to  the  following  rules  (Mann)  : 

Rule  i, —  Nouns  singular  ending  in  a,  are  feminine,  and 
make  the  accusative  singular  in  am  and  the  plural  in  as. 
Example:    Drachma,  ace.  sing.  Drachmam,  pi.  Drachmas. 
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Rule  2. —  Those  ending  in  urn  or  us,  make  the  accusative 
singular  in  um.  The  accusative  plural  of  these  m  us  ii  03, 
and  of  those  in  um  is  a.  Those  in  us  are  masculine,  those 
in  um  are  neuter: 


Rule  3.—  Those  whose  genitive  ends  in  is,  form  the 
accusative  in  em,  plural  es. 

Attention  is  also  called  to  the  feet  that  adjectives  change 
their  endings,  a  fact  which  the  student  is  apt  to  forget 

The  directions  to  the  dispenser  are  usually  written  in 
Latin,  but  this  is  not  essential.  They  should,  in  every 
case,  be  as  brief  as  possible.  As  a  rule,  the  pharmacist  is 
better  informed  as  to  this  part  than  the  prescribing  phy- 
sician. 

The  following  prepositions  are  frequently  used,  and  com- 
mand the  following  cases : 


ad to  

«na of  each Kenitive. 

cum with ablative. 

in  into accusative. 

The  following  latiii  wordi  and  phiuet  occur  frequently 
in  prescriptions  (adapted  from  Mann)  : 

TABLE  IX. 

ad  to,  up  to 

ad  libitum at  pleasuro 

adde  add  (thou) 

ana  (8,  M) of  each 

aqua  bulliens boiling  water 

"     fotitana  spring  water 

"     fervens    hot  water 

"     destillata  distilled  water 

bene  well 

bis  in  dies twice  daily 

cape,   capiat take,  let  him  take 

charta  a  paper  (medicated) 

cbartula    a  small  paper  for  a  powder 

dbus   food 

cochleare  in^:num a  tablespoon 

"  parvum  a  teaspoon 

cola,    cotatns. strain,  strained 

collyrium  an  eye  wash 

congim    (C.) a  gallon 

cnm  with 

dilute,  dilutus. dilute  (thou),  diluted 
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dimidius  one-half 

divide  (Div.) divide  (thou) 

dividendus  to  be  divided 

dividatur  in  partes  squales.let  it  be  divided  into  equal  parts 

dosis  a  dose 

extende  supra. spread  upon 

fac,  fiat,  fiant  (ft.) make,  let  be  made,  let  them  be  made 

fac  tales  doses make  auch  doses 

iUtra    fUter  (thou) 

gargarisma    a  gargle 

gutta,  guttx  (gtt) a  drop,  drops 

haustus  a  draught 

hora  an  hour 

hora  somni just  before  going  to  sleep 

hora  decntntus at  bed  time 

in  dies daily 

instar like  (with  genitive) 

libra    (lb.) a  Troy  potmd 

mane  primo. very  early  in  the  morning 

magnus  large 

misce   C^-) mix 

more   dictu as  directed 

non  repetatur do  not  repeat 

numerus,  numero  (No.)..!. a  number,  in  number 

octarius   (O.) a  pint 

ovum an  egg 

pars  a  part  (governs  genitive) 

partes  sequales  (P.  x.) equal  parts 

parvus    small 

pilula    (pil.) a  pill 

pro  re  nata according  to  circumstances,  occasionally 

pulvis    a  powder 

quantum  sufficit  (q.  s.)  (fol- 
lowed by  genitive) as  much  as  is  necessaij 

quaque  hora every  hour 

(cum)  semisse  (ss.) and  a  half 

signa  sign 

sine   without 

si  opus  sit if  necessary 

solve,  solutus dissolve,  dissolved 

solutio  a  solution 

statim   immediately 

talis  such 

tritura  triturate 

tere  simul rub  together 

ter  in  dies three  times  a  day 

vitellus  the  yolk  (of  an  egg) 

(B)  FLAVORING. 

I.  GENERAL  RULES. 

The  subject  of  flavoring  is  one  which  is  very  generally  neglected 
by  the  beginning  practitioner,  and  is  one  treated  very  sli^tly  mdeed 
in  most  text-books  on  materia  medica.  It  is.  however,  one  of  very 
great  importance  with  the  modem  patient.  Attention  to  this  on  the 
part  of  manufacturers  and  the  lack  of  it  on  the  part  of  physicians  is 


.dbyCoogle 


RULES   FOR   FLAVORING.  lOI 

perhaps  largely  responsible  for  the  increased  nse  of  proprietary  medi- 
does.  Patients  very  often  will  fail  to  take  a  disaereeabte  medicine, 
and  the  physician  should  always  be  on  the  lookout  for  such  cases.  It 
is  scarcely  necessary  to  say  that  he  should  approximately  control  the 
amount  taken  by  judging  as  to  the  quantity  left  in  the  container,  as 
he  should  also,  in  general,  control  the  medicine  dispensed  by  the  drug- 
gist as  to  its  appearance  and  taste.    ■ 

Some  patients  will  carry  the  deceit  somewhat  further  and  pour  away 
the  appropriate  amount  of  the  medicine,  and  if  the  physician  does  not 
chain  the  anticipated  results,  it  may  be  well  to  prescribe  some  test 
medicine,  such  as  salol  (0.3  Gm.),  or  potassium  iodid  (0,5  Gm.),  which 
can  be  detected  in  the  urine  (Exercise  13). 

The  subject  of  flavors  is  not  only  important  because  it  humors  the 
patient,  but  when  the  flavoring  is  properly  done  it  has  an  advantageous 
action  in  the  treatment  of  the  disease.  It  puts  the  patient  in  more 
fovorabk  condition  for  the  action  of  the  drug,  aiding  absorption  and 
digestion.  One  need  only  point  to  the  value  of  condiments  in  food. 
It  is  rather  surprising  that  a  physician  who  would  object  very  strongly 
to  eating  his  food  without  seasoning  will  prescribe  medicine  without 
giving  a  thought  to  this  subject. 

Condensed  Rules. —  The  substances  which  may  be  used  for  im- 
proving the  taste  of  a  mixture  are  almost  without  number.  Before 
proceeding  to  a  detailed  discussion,  we  shall  give  in  a  condensed  form 
those  methods  which  are  apt  to  be  most  useful.  The  quantities  need 
not  necessarily  be  specified,  it  being  sufficient  to  mark  thera  "q,  s." 

Appearance. —  Liquid  prescriptions  intended  for  Internal 
administration  should  be  clear  if  possible.  It  might  be  well 
to  mark  all  such  prescriptions  "  filtra."  The  appearance 
may  be  very  materially  improved  by  the  addition  of  some 
coloring-matter,  and  this  may  also  prove  useful  through  its 
su^estive  element  and  by  hiding  the  nature  of  the  medi- 
cine from  the  patient.  The  following  are  recommended 
for  solutions  in  the  proportion  of  about  2  drops  to  the  ounce 
■  (0.4:100); 

Red:         '  Tinctura  Persionis  N.  F.' 

Brown:      •Tinctura  Persionis  Composita  N.   F. 

Yellow:    ♦Tinctura  Curcumse  N,  F. 

For  powders  Carmine. 

For  Improving  the  taste  for  children,  Syrupus  Toluta- 
nus;  for  adtdts.  Elixir  Aromaticum. 

For  the  administration  of  salts,  where  the  alcoholic  elixirs 
are  not  admissible,  use  Aqua  Menthae  Piperitfe  or  2  grains 
of  citric  acid  pier  ounce  (0.4:10c). 

For  emuisions,  6  drops  Spiritus  Aurantii  Compositus  per 
ounce  (i  :ioo)  ;  other  flavoring  spirits  are  used  in  the  same 
proportion. 

'U.  S.  P.F=u,w.,—  . 
-Nilinul  FormutlTT- 
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For  producing  a  bitter  flavor  use  Elixir  Gentianse  N.F. 

To  render  the  administration  of  a  great  amount  of  hot 
water  acceptable,  use  decoction  of  Species  Pectorales  N.F. 
in  the  proportion  of  2  tablespoon  fuls  to  the  cup. 

For  the  administration  of  cold  water  use  lemonade. 

For  the  flavoring  of  cough  medicines  use  Syrupus  Gly- 
cyrrhiz<e. 

II.  DETAILS:    COLORING.' 

Anilin  colors  should  be  avoided  as  far  as  possible,  since 
they  are  frequently  more  or  less  toxic. 

1.  Watery  or  Alcoholic  liqtdds. 

Th«  following  are  especially  useful  in  slightly  acid  liquids.  The 
tinctures  are  used  in  the  proportion  of  2  drops  to  the  ounce  {0.4  ;  100). 
(A)  To  produce  a  red  color; 

*Tr.  Persionis  N.  R,  prepared   from  a.  lichen  — iaJ4%  —  one-third 
alcohol  —  miscible  with  alcohol  and  water. 
(,B)  To  produce  a  reddish-brown  color; 

*Tr.  Persioms  Comp.  N.F. —  3%  peraionis,  io%  caramel  —  miscible 
with  water  and  alcohol. 
(C)  To  produce  a  yellow  color: 

*  Tr.  Curcuma  N.  F.  (Curcuma  longa.  Turmeric,  Zingiberaceae. 
Southern  Asia)  — 15%,  alcohol,  miscible  with  alcohol,  but  not  with 
wa^er.  If  the  mixture  is  aqueous,  it  must  be  filtered.  Alkalies  will 
change  the  color  to  reddish -brown. 

Crocus,  Saffron  (Stigmata  of  Crocus  sativus,  Irideie,  cuhivated  in 
Spain  and  France). 

It  also  contains  volatile  oil  and  is  used  popularly  as  a  carminative 
and  emmenagog. 

Tr.    Croci   B.  P.,   U.  S- P.— to%  — one-half   alcohol  —  miscible   with 
water  and  alcohol. 
iDJ  To  produce  a  brown  color: 

Caramel — partly  carbonized  sugar. 
(*E)  For  other  colors,  anilin  dyes  must  be  used. 

For  blu^  methyl ene-blue. 

For  violet,  gentian-violet 

2.  Oily  liquids. 

(A)  lied!  'Alkmtet  —  root  of  Alkanna  tinctoria,  BoragineK  — 
West  Asia.     (Red  with  acids;  blue  with  alkalies.) 

'Madder:  Wood  of  Rubia  tinctorum.  Rubiacese.  Levant  and 
Southern  Europe,  Contains  especially  alizarin,  and  other  coloring- 
matters.    Little  soluble  in  water. 

(B)  Yellow:  *Annatto — pulp  surrounding  seeds  of  Bixa  orallana, 
Bixinese  —  South  America  —  insoluble  in  water  —  soluble  in  alcohol, 
ether,  and  oil.     (Frequently  used  for  coloring  butter.) 

3.  Fowden. 

(A)    Red:    'Carmine  —  a   precipitate  obtained    from  decoction    of 
•Not  oi&ciil. 

'The  mow  import»nt  prep«r»iion»  irc  mentioned  in  the  LltO  of  the  Ap- 
pendix (A.)  Only  IheK.  and  the  data  uked  for,  ihonld  be  aiudied.  Tbe  athen 
are  for  reference,  and  need  only  be  (lanced  over. 

Study  Materia  Mtdica  Ltisan  i. 
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cochineal  by  alum  or  cream  of  tartar.  Soluble  in  alkaUes,  brightened 
and  precipitated  by  acids.  Also  soluble  in  alcohol.  Contains  carminic 
acid.  May  also  be  used  for  colorir^  li^quids:  *  Liquor  Carmini  N.  F. 
6%,  with  ammonia  and  one-third  glycerin. 

Cochineal  U.  S.  P.— females  of  the  insect  Coccus  cacti  —  Mexico 
and  Central  America. 

Iron  oxid  or  carbonate. 

*  Armenian  bole  is  an  iron-containing  clay  used  for  this  purpose. 

(B)  Blue:  *  Ultramarine  —  compound  of  aluminium  and  sodium 
silicate  and  sodium  polysulphid.    It  is  insoluble. 

*  Litmut,  a  pigment  obtained  from  lichens.  Insoluble  in  alcohol, 
soluble  in  water. 

*  Indigo,  a  pigment  obtainable  from  a  number  of  plants  and  also 
synthetically.  The  active  principle  is  a  colorless  glucosid,  plant  indican. 
Under  the  action  of  ferments  or  acids  it  yields  indigo-blue  or  indigotin. 
This  is  insoluble  in  ordinary  solvents,  but  dissolves  in  concentrated 
HsSOi.  If  this^lution  is  neutralized  with  NaOH,  the  pigment  re- 
mains in  solution  and  produces  a  beautiful  blue  color,  which  is,  how- 
ever, destroyed  by  oxidizing  or  reducing  agents. 

(C)  Black:    *  Lampblack  or  soot  (fuligo  ligni). 

III.  DISGUISING  THE  TASTE  IN  SOLID  FORM. 
This  may  be  accomplished  by  administering  the  substance 

in  the  form  of  pills,  triturates,  capsules,  cachets,  tablets, 
etc.  In  the  case  of  the  ordinary  pills  or  tablets,  there  is 
generally  some  taste  before  they  can  be  swallowed,  and  this 
is  obviated  by  coating  them  with  gelatin,  sugar,  chocolate, 
etc.  All  these  measures  diminish  the  solubility  of  the  sub- 
stance, the  most,  perhaps,  in  the  case  of  pills.  Triturates 
or  compressed  tablets  can  be  prepared  so  as  to  disintegrate 
and  dissolve  as  easily  as  the  powder  itself.  However,  most 
of  the  preparations  put  out  by  the  manufacturers  do  not 
conform  to  this  demand,  and  probably  all  harden  on  keep- 
ing. 

IV.  MEASURES  FOR  DESTROYING  THE  TASTE. 
Certain  substances  have  the  property  of  paralyzing  the 

sensory  endings  of  taste.  Among  these  is  Yerba  santa. 
(See  Chap.  X.)  This  destroys  the  taste  for  bitter  sub- 
stances especially.  It  is,  however,  therapeutically  objec- 
tionable. It  probably  renders  alkaloids  insoluble,  and  as 
for  ordinary  bitters,  it  is  extremely  probable  that  the  thera- 
peutic action  is  connected  with  the  bitter  taste.  One  c.  c. 
of  the  fluid  extract  covers  the  taste  of  0.012  Gm.  of  quinin 
sulphate  or  1.5  Gm.  of  quassia. 
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Similar  properties  are  fouii<l  in  the  following  plants: 

*  Gymnema   sylvestre,—  Africa. 

*  Bulmenia  dulcifiea,—  Sudan. 

*  Phrynium  Danielli,—  West  Africa. 

The  same  object,  the  rendering  tasteless  of  the  substance,  may  be 
attained  by  rendering  it  insoluble  in  the  saliva.  This  can  be 
accomplished  with  a  number  of  alkaloids  by  the  addition  of  tamiin. 
Unfortunately  this  almost  invariably  diminishes  the  solubili^  in  the 
lower  portions  of  the  alimentary  canal  as  well. 

V.  DEMULCENTS. 

Demulcents  may  be  defined  as  non-absorbable,  slimy,  colloid  sub- 
stances, generally  soluble  in  water  and  insoluble  in  alcohol.  They  very 
markedly  diminish  the  characteristic  taste  of  all  substances,  acid,  salt, 
and  sweet,  as  well  as  bitter. 

They  do  this  by  enveloping  the  substance  and  forming  a  protective 
layer  over  the  mucous  membrane,  and  in  this  way  preventing  the  ac- 
cess of  the  substance  to  the  taste  organs.  This,  of  course,  diminishes 
absorption  as  well  as  taste.  One  can  very  readily  convince  himself 
of  this  "corrective"  action  by  mixing  a  i%  solution  of  citric  acid 
with  water  and  with  a  thin  starch  paste.  The  latter  will  taste  very 
much  less  sour.  Colloid  substances  of  this  kind  are  present  in  fruits 
as  pectin  bodies,  and  have  a  very  marked  influence  upon  their  taste. 
The  raspberry,  for  instance,  actually  contains  more  acid  than  the  cur- 
rant and  but  little  more  sugar,  its  less  sour  taste  being  due  to  the 
greater  amount  of  these  pectin  substances  present  in  it 

The  Materia  Medica  of  the  demulcents  is  contained  in  Chapter 
XXXI  A. 

VI.  SACCHARINE  FLAVORS. 

The  taste  of  many  substances  is  disguised  or  rendered  more  accepta- 
ble by  sweetening.  Sugar  (cane  or  beet)  or  its  solution  —  syrup  —  is 
most  commonly  used.  Honey,  glycyrrhiza,  saccharum  lactis,  glycerin, 
or  saccharin  are  sometimes  substituted.  Tiie  flavored  syrups  are  usu- 
ally preferred,  e.  g.,  Syr.  Glycyrrhizx,  Aurantii,  Addi  Citrici,  Tolu- 
lanus,  etc.;  or  Elixir  Aromaticum  or  Adjuvans. 

In  cases  where  sweetening  is  desired  and  sugar  is  excluded,  par- 
ticularly in  cases  of  diabetes,  the  artificial  synthetic  product  saccharin 
may  be  substituted.  It  is  about  three  hundred  times  as  sweet  as  sugar, 
hut  the  taste  is  not  exactly  the  same.  The  dose  for  a  cup  of  coffee 
or  lea  is  about  one-half  to  one  ^ain.  Glycerin  is  another  sweetening 
substance   which   does  not  contain   s*ugar,  and   is   sometimes   employed 

» p"      "      

ciple         „ .  .  .... 

ammoniacal.     It  has  no  taste  if  the  liquid  is  made  acid 

Saccbamm,  U.  S.  P.  (Saccharum  purificatum.  B.  P.) — used  in  the 
granulated  form  (beet-  or  cane-sugar  may  he  used  indifferently).  It 
is  very  widely  distributed  in  the  vegetable  kingdom.  Soluble  in  as 
parts  of  water  or  I7S  parts  alcohol. 

Syrupiu  (U.S.P.).— 8s  Gm.  in  lOO  cc;  made  by  heat  or  percola- 

Honey    (Mel  Depuratum,  U.S.P.)   is  also  a  very  pleasant  flavor 
when  fresh  and  pure. 
Of  semi-solid  preparations,  the  thicker  are  called  confections  (Con- 
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Lump-sugar  is  useful  for  administering  liquids  given  in  drop  doses. 
When  flavored  with  an  essential  oil,  it  is  called  eXrosaecharum. 

Mapie-sug<r — the  evaporated  sap  of  Acer  saccharinum,  Aceraceae, 
North  America  —  may  be  looked  upon  as  a  natural  eleosaccharum. 

Other  sugars  —  glucose,  molasses,  manna,  maltose,  etc. —  are  of  small 
importance  as  flavors. 

*  aincose.— Prepared  by  acting  on  com-starcb  with  hot  dilute  sul- 
phnric  acid,  and  found  in  commerce  either  as  a  syrup  or  in  solid 
masses.  It  is  not  as  sweet  as  sugar,  and  generally  contains  dextrin, 
which  makes  it  less  easily  absorbed.  It  is  less  soluble  than  cane-sugar 
in  water,  but  more  so  in  alcohol. 

Technically  the  term  glucose  is  restricted  to  the  syrup  (in  which 
the  hydration  is  less  complete)  and  p'ape-sugar  to  the  solid.  The  com- 
mercial products  are  often  contammated  with  barium  and  sometimes 
even  with  arsenic,  and  are  therefor  harmful. 

Sacchorum  Laclis  (Milk-Sugar) ;  Matuia;  Glycerinum;  Levulose: 
tee  Index. 

Bcnxosnlphlntdum  (U.S.  P.)  [Gluiidum,  ^.'P.\  (Saechari,^,  DuU 
cid). —  A  number  of  benrol  derivatives  have  intense  sweetening  power. 
The  official  is  the  anhydrid  of  ortho-sulphamid -benzoic  acid,  CtHi.SOt. 
CO.NH.  A  white  crystalline  powder,  soluble  in  250  water,  35  alcohol. 
About  500  times  the  sweetening  power  of  sugar. 

It  has  the  properties  of  the  coal-tar  group  and  is  therefor  antiseptic 
and  irritant  It  is  sometimes  given  in  fermentative  dyspepsia  (o.i  to 
0.3  Cms.)  (o.a  Gm.^3  gf»->  U.S.?.)  Its  long  continued  use  inter- 
feres with  digestion  and  may  lead  to  nephritis.  For  sweetening  the 
above  dose  should  not  be  exceeded. 

Olycyrrliiza,  U.  S.  P.  iGlycyrrhiea  radix,  B.  P.).— LifortVe.— Root 
of  Glycyrrhiza  glabra,  Leguminosfe.  Southern  Europe  and  western 
Asia.  Its  taste  is  especially  agreeable  to  children;  less  so  to  adults. 
It  is  also  demulcent    Contains: 

Glycyrrhiiin   (a  glucosid,  the  ammonium  salt  of  which  causes  the 
taste)  ;  sugar,  stardi. 
FreporaUons: 

Extraelum  C— The  watciy  extract  evaporated  to  a  solid  consistency 
(and  usually  formed  into  rolls).    Soluble  in  water. 

Fltiidtxtractum  C— One-third  alcohol  and  5%  ammonia  water. 
Miscible  with  water  and  alcohol.  Dose  ad  libitum  (2  c.  c.^30  m.. 
U.  S.  P.). 

•  Syrupfu  C,  N.  F.,  Elixir  G.,  N.  F.,  Elixir  G.  arotHaticum.—  12% 
■olid  extract. 

Otycyrrhlctnatn  Ammonlatam,  U.  S.  P.—  Prepared  by  precipitat- 
ing an  aqueous  alkaline  extract  by  sulphuric  acid,  dissolving  in  am- 
monia, and  evaporating  the  solution.  Soluble  in  water  or  alcohol.  It 
possesses  no  advantage  over  the  extract,  and  is  devoid  of  the  demulcent 
froperties.    Dose,  0.3  to  a6  Gm,  (5  to  10  grains). 

VII.  FLAVORS  PROPER. 
These  consist  for  the  most  part  of  essential  oils,  acting  at  once  upon 
the  organs  of  taste  and  smell.    Sometimes,  however,  other  solid  con- 
stituents form  the  flavoring  principle. 

Essential  oils  act  partly  as  reflex  stimulants,  and  in  that  connection 
they  will  again  be  considered  in  (Chapter  XXIX.    They  consist  of  a 
•  Not  offidal. 
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solid  and  a  liquid  portion  (stearoptene  and  ekopt«ne),  the  latter  being 
the  stronger.  They  are  soluble  in  alcohol  and  in  ether,  and  only  to 
an  extremely  small  extent  in  water,  but  sufficiently  so  to  impart 
their  flavor  to  it. 

These  oils  are  prepared  b^  distillation  per  w,  with  water,  or  by 
expression,  or  by  solution  with  appropriate  solvents,  or  by  alisorbin^ 
them  with  fixed  oils.  They  are  preferred  to  preparations  made  di- 
rectly from  the  drug,  since  they  are  free  from  other  extractive  mate- 
ial.  The  essential  oils  lose  their  flavors  very  readily  on  keeping 
through  the  development  of  ozone,  etc.  Tlreir  keeping  quality  may  be 
very  much  improved  by  adding  to  them  three  volumes  of  alcohol  and 
using  a  correspondingly  larger  amount  in  the  preparations.  They  may 
be  divided  into  sweetish  and  aromatic  flavors.  To  these  may  be  added 
the  acid  flavors,  and  those  belonging  to  miscellaneous  groups  having 
other  therapeutic  qualities. 

Table  of  Hateria  Kedioa  of  Plaata  Contaiaii^  Odoiou 
Flavoring  Principlet. 
(A)  Sweet  Flavors. 

/.  Rose  Flavors. 
Naue.  Fauilv.  Habitat.         Active  PiuNapLS. 

'  Rosa  damojceita Rosacea.       Southern  Europe  Oil  of  rose  (ottarof 


and     Turkey 

■    rose) 

Volatile    oi 
ethers. 

s    and 

Geraniacex.         " 

Oil    of    rose 

gera 

'Pelargoniun 

'Andfopogon  ManfiM.Graminese.    East  India. 

*Andropogon 

Schaenanlkus "  "         "  nium. 

^Rosmarinus  offi- 
cinalis   I.abiat3e.        Cultivated.  Oil  of  rosemary. 

//.  Other  Flowers. 
(Often  including  the  plant) 

Part  .      Activk 

Naue.                 Fauhy.         Habitat.        Ussa  PuHcin^. 

Lavandula  vera. Labiatie.        Soulhem  Eu- Flowers,  Oil   of  laven- 

rope ;    culti-  der. 
vated. 

'Melissa  ofSeinalis . . .      "              Southern    Eu-  Plant.  Oil    of    balm, 

rope;    cjiti-  Bitter  prin- 

vated  ciple, 

'Monarda  punctata..       "              North  Amer-         "  Oil.  (Horse- 

'Trifolium  (species) -Leguminosse.North  Amer-         "      OH.     (Qo- 

*Metilolus  omeiaalit.        "  North  Amer-  Oil.  (Sweet 


<  RoK  Oil.     The  deopteac  1*  the  molt  valuibit  part 

.Ti..  ...  ^umbt^  of  the  common  fruits  are  obtaini.   , 

Fruit  jellys  ire  nscfal  to  ditguiM  the  tu(c  of  pilla, 


•The  inattr  numbtr'of  the  common  fruits  are  Stained   (rotn  plant!  of  the 
toUr  of  Rouce~      "— '■    -"— '-■  ■-  J! — ^—  ■'--   -•  -■"-      -- 


•  Not  ollkiai. 
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N.MI.  F«-n.v.  Ha.„.t.        P«S        ^^ 

*Citr%s  auTonlitim...  Rutaccse.       Cultivated.        Flowers.Oil  of  Orange 

flowers   (oil 
of  neroli). 
*5'>ir«a  (om^iitojit...  Rosaccx.       North   Amer-    Plant    Oil.  (Ward- 
ica.  hack.) 

*lr\s  Aorentitia Iridex.  Northern  Root.     Oil  and  bitter 

Italy;   culti-  principle, 

vated.  (Orris.) 

Anthemis  nobilis Composttie.  Temperate         Chamo-Oil.      Bittet. 

flowers. 

*Samb%c»s  (species)  Caprifolia-    Temperate  Elder     Oil.     Gum. 

cex.  zone.  flowers. 

*TUia    (species) Tiliacex.       Temperate  Linden     "       Gum. 

zone.  flowers. 

Salvia  officiM/it.. ..  LabiatK.        Temperate  Sagf         "       TanniiL 

zone.  herb 

///.  Solid  Odorous  Principles. 
NAMt         R.un.        FAMn.Y.        Habitat.        ^^^  ^^^ 
*VamUa 
Hanifolia. . .  .Vanilla 

bean..  .Orchidaceae.   Central  America. Fruit.  Vanillin. 
■  'DipUrix 

odorata Tonka 

bean...Lepimino$se.  Guiana.  FtuiL  Coumarin. 

IV.  Odorous  Resins   (BatsaiKS  and  Gum-resins), 
These  usuallj'  contain  benzoic  or  cinnamomic  acid  with  volatile  oils. 
ThcT  are  slightly  antiseptic  and  locally  stimulant. 

I.  Guu-BESiNS   (emulsifying  when  rubbed  with  water)  : 
Naue.  Souscb.  Faiiily.  Habitat. 

Gatbanum  Ferula  Galbanum.         Umbel  I  i  ferae.  Persia. 

*/4Mfn0martiM...Dorema  Ammoniacum.  "  " 

*Olibonum Boswellia.  Burseracex.     Africa  and  Ara- 

( Frankincense)  bia. 

Myrrha    Commiphora  Myrrha.  "  Africa  and  Ara- 

bia. 

3.  Balsauic  bisins  (insoluble  in  water,  soluble  in  alcohol  or  ether) : 

Name.                       Soukx.  Family,  Habitat. 

Bentoinum  ...  .Styrax  benzoin.  Styraceae.  Sumatra     and 

Balsamum  Java. 

^er«MiwiKm..Toluifera  pereir*.  Leguminosae.  Central  America. 

Balsatnum                 "          balsamum.  "  Venezuela. 

talutantim 

*Liatudamber  . . .lAamiinixir    styraci-  Hamameli-  North  and   Cen- 

(Sweet  gum)     flua.  dea.  tral  America. 

_  •  Not  official. 

'Vakilu.  The  fnabljt  collected  twin  ho  no  flavor:  tbit  ii  developed  bv 
frmenlatioD,  bf  which  a  principle,  conlferin,  !■  changed  into  vaniftin  by  the 
actkm  o(  bvdrolrxias  and  oxidizing  fementi.  The  vanittin,  an  ildchTd,  cm 
abo  be  obtaioed  irnlbeticillT.    It  ta  officiii. 

'  Vanilla  flavoring  ia  often  fal<i6ed  with  tonka  bian. 
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Makk  Soubcz.  Family.         Hajhat. 

Styrax  Liquidamber  oriental  is.  Hainameli'      Asia  Minor. 

dex. 

'Foputus  Poplar  buds  are  covered  with  a  balsamic  resin. 

(Balm  of  Gil' 
ead) 

y.  Musk  Flauort. 

UoMHoi,  raoBk,  the  dried  MctetioB  of  tbe  preputiil  follicle*  of  Uoaclua 
moKhifenia,  Thibei  and  China. 

Tbe  odor  of  the  tincture  improve*  on  keeping.  Alto  pMieiiei  in  bi^ 
decree  the  piopertj,  comman  lo  all  odoroui  oil*,  of  reflexfj  MimnUtias  tba 
medolU.     A    trntbetic    aubiunce    of    aitnitv    odor    ("  artificial    muak ")    i*    nied 

Some  other  animila  jield  limilar  product!  which  are  used  in  perfuming,  hut 
arc  of  no  importance  in  medicine  The  aame  holdi  true  of  the  lyntbetis 
•obMitates. 

Amongat  ptaota,  the  Sumbal  also  ahon  a  aimilar  odor. 

*  CAiToaEM.     From   the   preputial    follicles   of   Canor   Fiber. 

(B)  Aromatic  Flavmv. 

/.  Orange  Flavors. 

The  volatile  oil  is  contained  in  large  cells  of  the  rind  of  the  fruit 

The  plants  all  belong  to  the  family  Rulacex,  and  are  cultivated  along 

the   Mediterranean    and    in    Florida   and   California.    Citrus   vulgaris 

also  contains  a  bitter  principle. 

Name.  Product. 

Citrtu  vulgaris.  Oleum  Aurantii  Amari  (Bitter  Orange). 
"      AuranHum.  "  "       dulcis  (Sweet  Orange). 

"      Limontim.  "      Ijmonis  (Lemon). 

"      Btrgamia.  *     "      Bergamottz  (Bergamot). 

//.  Menthol  and  Sitnilar  Flavors. 
The  stearoptene  of  the  oil  is  menthol  or  thymol.    The  whole  plant 

Name.  Common  Family.  HAarrAT. 

Name. 

Mentha  piperita Peppermint.  Labiatx.  North  America,  etc 

"       viridis  Spearmint  "  "  "         " 

"        (other  species) 

*ThyniHs  vulgaris Thyme.  Labiate.  Cuhivated. 

///.  Flavors  from  Umbellifera. 
The  oils  are  contained  principally  in  the  seed  or  root.    Tbe  plantt 
grow  in  temperate  climates  and  are  largely  cultivated. 

Seeds:    Carum  Carvi.    Caraway, 

•  "       Pelroielinvm,     Parsley. 
*Afium  graveolens.     Celery. 

Ptmpinetla  Anisum.     Anise. 
Anelhum  Fixniculum.    Fennel. 

•  "       graveolens.    Dill. 
Coriandrum  sativum.    Coriander. 

*Daucus  Carota.    Carrot. 

'Cuminutn  Cyminum.    Cumin  ' 

Study  Materia  Medica  Lesion   i. 
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Roots:  ^Angelica  purpurea    Angelica. 
*Arckangeiica  officinalis.      " 
^Otmorrnita  longulylis.    Sweet  Cicely. 

*IBidum  vemm  (star  anise,  family  Magnoliacex)  resembles  anise 
gnatiy  m  flavor;  other  genera  of  the  family  (U^olia  acuminata) 
■iw  possess  very  aromatic  fruits. 

If.  Other  Sweet  Aromatics. 
Name.  ^Nam^"     F**"-*^-       Hamtat.      Paot  Usm 

Saaafrtu  cfficinaIisSzssatns..LAvracex.     North  Root  bark (oA- 

America.       er  portions  of 
the  plant  also 
contaiD  the 
oil). 
Aeonu  Calamus. .  .Sweet  flag.  Aracea.         North  Root 

America. 
'Aralia  guinquefoliaSimsenz.     Araliacese.     North  " 

America. 
(Other  species   also   contain   similar   principles.    This   drag  is 
highly  valued  by  the  Chinese.) 
*TriBonelia   Ftrtium 

Crmcnm Fenngreek-Leguminosx; India,  Medt-Seeds 


cultivated. 
V.  Pungent  Volatile  Oils  and  Resins. 

»«"•  'itll'       "-«•'•      «»""■      u^ 

'Gvdthtria  prO' 

eitmbtKs  Wintergreen.        Ericacese.    North  America.  Herb. 

Caryophyllum  . .  .Ooves.     U  n  e  K-Myrtacea.  Tropics ;    culti- 
panded  flowers  vated. 

of   Eugenia 
caryophyllata. 
Pimenia  oIKeina- 

Kt Allspice.  Myrtacex.  TropicalAmer- Fruit 

tea;  cultivat- 
ed. 
Cmmmomum        (  Saigon  icum. 

Ztylanicum,  or       *  Cassia) Lauracex.  China  or  Cey-Bark. 

Ion. 
MjrisHca 

kttgrtms Nutmeg  (Myris-  Myristica-  Cult  ivated  in 

tica)  ^seed;    ceae.  tropical  coun- 

*mace  (macis)  tries, 

^seed  envel- 
ope (arillode). 

Pifer  nigntm Blackpepper.        Pipera-       India;  cuiti vat- Unripe 

ceae.  ed  in  tropics,     seed. 

(Piper  album  is  the  above  peeled) 


oit   it  mFtliTl    «]Ic7l»te,    ud    In    l«rB-.    

-    of    ulicrlie    add.     Olnm    Btluta     {Sweet    Birch)    j 
1  aticrlatc 

*  Not  oBkial. 
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Nauf  Common 

Eleltaria  Carda-  . 
momum Cardamon. 

■  Zingiber  ofReinaie  Ginger. 

*AsaTum  cana- 

dense  Wild  ginger. 

Capsicum  fastig- 
iatum Red  pepper. 


ZinKiber-  India;  cuiti vat- Fruit 

aceae.  ed. 

Zingiber-  Tropics;   cn!ti-Rhi- 

aceae.  vated.  zome. 

Aristolo-  North  America.  Root. 

Solana-  C  n  1 1  ivated  in  Fruit. 


F/.  Hydrocyanic  Acid  Flavors. 

These  are  contained  in  the  kernels,  leaves,  and  bark  of  many  plants 
of  the  rose  family. 

Of  some  importance  are : 

Amygdala  amara  (U.S.  P.).  Bitter  almonds.  The  seeds  of  Amyg. 
Am.,  family  Amygdalaceae.  Cultivated.  The  oil  is  chiefly  benulde- 
hyd,  GHtO,  with  a  little  HCN.    Nilrobenxol  has  a  very  similar  odor. 

Primus  serolina  iPrmms  Virgtniana,  U.S.  P.).  Wild  cherry  bark, 
(Tannin.) 

frvttiM  laurocerasus  (B.  P.).    (Hierry  laurel  leaves. 

Studr  Umlcria   Medio  Leuon   a. 

(C)  Preparations  of  the  Foregoing. 

I  may  be  used  in  the  form  of  decoction  or  infusion, 

roring  in  proportion  of  t  c._  _, 

._  ;  (0.3  :  loo),  but  only  in  alcoholic  litiuids  (they  should 

be  preserved  diluted  with  3  volumes  of  alcohol)  r 

Oleum  Amygdalae  Amarx,  U.  S.  P.  Oleum  Lavandula  Plorum,  U.  S.  P., 


Anethi,  B.  P. 
Anisi,  B.  P.,  U.  S.  P. 
Anthemidis,  B.  P. 
Aurantii  COrlicis,  U.  S.  P. 
•'      "       Florum. 
Bergamottae. 
Betulse,  U.  S.  P. 
Can.  U.  S.  P..  B.  P, 
Caryophylli,  U.  S.  P.,  B.  P. 
Cinnamomi,  U.  S.  P.,  B.  P. 
Coriandri.  U.  S.  P.,  B.  P. 
Fceniculi,  U.  S.  P. 
GaultheriK,  U.  S.  P. 


B.  P. 

Limonis,  U.  S.  P.,  B.  P. 
Mentha    Piperita,    U.  S.  P., 

B.  P. 
Menthae     Viridis,     U.  S.  P., 

B.  P. 

Myristice.  U.  S.  P.,  B.  P. 
Pimenlae,  U.  S,  P.,  B.  P. 
RoKc,  U.  S.  P„  B.  P. 
Rosmarini,  U.  S.  P.,  B.  P. 
Sassafras,  U.  S.  P. 
Thymi,   U.  S.  P. 


The  following  isolated  flavoring  constituents  are  also  oflicial :     Ben- 
galdekyd     (Bitter    Almonds) ;    Cinnaldekyd    (Cinnamom) ;    Eitgenol 
(Qoves)  ;  Safrol  (Sassafras)  ;  Vanillin  (Vanilla), 
z.  Oleoresina.     (Not  used  for  flavoring;  strongly  irritant) 

>  Sereral    Tarietiea   art    on   th<    nurkct.     Betide*    the    voUtile   wl,   it    conwiiw 
re^n,   Mircb,   ud   nucilage. 

■  Not  trffidil. 
Study  Materii  Hediei  Loion  j. 
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3.  Aqua.     (Dose  of  the  flavoring  waters  is  ad  libitum.) 

(Official  in  both  PharmacopCEias:) 

Aqua  Anygdalx  Amarse.  Aqi:3  Fceniculi. 

Anisi.  Mentha  Piperitat. 

Aurantii  Rorum.  "        Viridis. 

"              "        Fortior.  Rosx. 

Cinnamomi.  "       Fortior. 

liquids;    for  flavoring   10 

The  following  arc  official  in  the  U.  S.  P. : 
Spiritus  Amygdalx  Amarx.  Spiritus  Gaultheriae. 

Anisi  (also  B.  P.).  Lavandula   (also  B.  P.)- 

Aurantii  Composilus  Mentha    Piperita     (also 

(blended  aromatics).  B.  P.). 

Cinnamomi  (also  B,  P.).  Mentha  Viridis. 

$.  EUxirs.    Miscible    with    water    and    alcohol.    The    aromatics    are 
blended  in  the  proper  proportions.    Dose  ad  libitum.    The  follow- 
ing are  purely  for  flavoring: 
Official: 
Elixir  Aromaticum.  Elixir  Adjuvans  (contains  licorice). 

National  Formolary:    Elixir  Gentiana:.' 

6.  Tinctures.    Dose,  10  drops  to  S  .(i  :5o)' 
Official  in  V.  S.  P. ; ' 

MUcible  only  v!ilh  alcohol,  not       Miscible  with  water  and  atcohot: 
wiik  water: 

Tinctara  Aurantii  Amari.  Tinctura  Cardamomi  Comp.  (B.  P.). 
Aurantii  Dtilcis  (B.  P.).  Cinnamomi. 

Benzoini.  (jentianic  Comp. 

Limonis  Corticis.  Lavandulae  Comp.* 

Myrrhse.  Moschi. 

Tolntana.  Vanilla;. 

Zingiberis   (B.  P.). 
The  compound  tinctures  contain  other  aromatics. 

J.  Sydups.'    Dose  ad  libitum. 

Official  in  U.  S.  P. : 

Syrapus  Acidi  Citrici.  Syrupus  Picis  Liquidee. 

Amygdalae.  Pruni  Virginiange  (B.  P.). 

Aromaticus    (B.  P.).  Rosse(B.P.). 

Aurantii   (B.  P.).  Sarsaparitlx  Comp. 

Florum    (B.  P.),  Tolutanus. 

Limonis  (B.  P.).  Zingiberis   (B.  P.). 
National  Formulary: 

Syrnpus  Coffeje.  Syrapus  Glycyrrhizse. 


&  Honeys. 
Official: 
Mel  Ros»!,  U.  S.  P.     Boracis ;  Oxymel. ;  Oxymel  Scillx,  B.  P. 

combbtitioD  with  ■  bitter. 

■ThMe  Durked  (B.P,)  ut  tSto  offieiaJ  in  the  Biitiali 


.dbyGoogle 


PRESCRIPTION   writing;    FLAVORING. 


g.  Confections. 
Official: 


10  Species. 

National  Formulary: 
Species  peclorales:    contains    Altluea,   Tugsilago,    Glycyrrhiza,   Anise, 
Mullein,  Orris.    Infnsion  made  i  :  lo.    Dose,  teacup. 

(D>  Add  Havors. 

These  are  among  the  most  useful  for  disguising  an  unpleasant  taste. 
They  also  aid  in  dissolving  such  substances  as  alkaloids,  and  assist  the 
absorption  of  liquids. 

A  larger  amount  of  cold  water  can  be  taken  and  disposed  of  wfaea 
it  is  used  in  the  form  of  lemonade  or  as  soda-water  —  t.  e.,  water  sat* 
urated  with  COi.  The  latter  acid  and  organic  acids,  especially  citric, 
are  the  most  useful.  The  mineral  acids  should  not  be  employed,  since 
they  are  liable  to  cause  gastritis  if  their  use  is  continued.  Carbonic  add 
is  useful  especially  for  the  administration  of  salts,  and  is  most  con- 
veniently used  in  the  form  of  granular  effervescent  salts.  Citric  acid 
is  used  in  the  proportion  of  2  grains  to  the  ounce  (0.4  :  100),  or  it 
may  be  employed  in  the  form  of  Syrupus  Acidi  Citrici  (1%,  Savored 
with  lemon). 

Tarloric  acid  may  be  used  in  the  same  proportion. 

(E>  MIscelUneous  Flavors  belongliig  to  Other  Orowpa. 

I.  Caffein  Flavors.— These  are  discussed  in  Chapter  VIII  (B). 

3.  Alcohol  flowor*.— Discussed  in  Chapter  XIX  (B). 

3.  Bitter  Flavors. —  These  are  especially  agreeable  to  men  and  disagree- 
able to  women  and  children.  The  active  part  are  alkaloids,  glu- 
cosids,  or  other  unclassified  "  bitter  principles."  They  are  most 
often  given  for  their  physiolwic  effect  and  will  receive  more  ex- 
tended notice  in  Chapter  XXX  (A).  As  flavors,  they  are  best 
combined  with  strong  aromatics  (Tinctura  Gentiame  Composita). 

Studf  Materia  Uedka  LeaoD  4. 
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PART  II. 

PHARMACOLOGY,  THERAPEUTICS,  AND 
MATERIA  MEDICA. 

CHAPTER  VII. 

INTRODUCTION  TO  PHARMACODYNAMICS.' 

From  the  definitions  in  the  opening  chapter  it  will  be  seen  that  the 
tenn  "  pharmacology,"  in  its  broadest  interpretation,  covers  a  very  wide 
field  —  coextensive  with  all  medical,  and  indeed  with  all  natural  science. 
In  practice,  the  science  of  (riiarmacology  cannot,  of  course,  enter  in 
detail  into  all  the  subjects  with  which  it  is  more  or  less  closely  related; 
these  are  taught  separately,  forming  a  preparation  for,  or  application 
of,  the  subject  of  pharmacology  proper.  The  relatlona  of  pharma- 
cology, however,,  should  be  kept  in  view.  Its  connection  with  other 
sciences  is  indeed  very  intimate.  This  may  be  seen,  firstly,  in  its 
melhodt,  which  are  only  modifications  of  those  employed  in  other  re- 
search. For  its  intelligent  study  it  requires  as  a  preliminary  a  knowl' 
edge  of  the  anatomy,  histology,  chemistry,  and  physiology  of  the  living 
body,  normal  and  as  altered  by  disease,  as  well  as  of  the  chemic 
structure  of  the  modifying  substances  (medicines). 

It  is  related  in  particular  to  chemistry,  in  that  it  deals  with  chemic 
substances;  in  that  the  composition  of  these  often  gives  valuable  clues 
to  their  actions ;  and,  further,  in  that  all  pharmacologic  actions  rest  on 
a  chemic  basis;  they  are,  in  fact,  reactions  between  the  reagent  and 
the  living  protc^Iasm. 

It  is  related  to  physiology,  and  through  it  to  histology  and  anatomy, 
in  that  it  studies  the  modifications  produced  in  physiologic  processes 
and  structures  by  pharmacologic  reagents. 

It  is  related  to  pathology  and  clinical  medicine^  since  its  utilitarian 
aim  is  to  reduce  pathologic  processes  to  the  physiologic.  Unless  the 
former  are  well  understood,  it  is,  of  course,  impossible  to  apply  a  ra- 
liofial  remedy. 

On  the  other  hand,  pharmacology,  treated  simply  as  a  biologic  sci- 
ence, has  given  valuable  aid  to  all  of  these  branches.  It  has  aided 
medicine,  la  that  it  alone  made  rational  therapeutics  a  possibility; 
pathology,  in  throwing  light  upon  pathologic  processes,  such  as,  for 
instance,  the  infectious  diseases.  It  is  a  frequent  aid  in  physiologic 
investigation,  poisons  serving  to  stimulate  or  paralyze  structures  inac- 
cessible to  the  scalnel  or  electrodes.  It  has  also  been  used  in  histology : 
The  action  of  atro'pin  is  one  of  the  most  ready  methods  of  differentiat- 
ing between  striped  and  unstriped  muscles.  In  chemistry  pharmaco- 
logic action  has  even  been  used  to  aid  in  the  determination  of  doubtfiil 
constitutional  formulas. 
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It  has  in  recent  years  been  shown  that  many  processes  of  the  normal 
and  pathologic  organism  are  dependent  upon  what  are  strictly  [riiar- 
macologic  actions.  We  need  only  mention  animal  extracts,  toxins, 
antitoxins,  coma  diaheticum,  etc. ;  and  the  end  of  this  tendency  has  not 
yet  been  reached. 

It  is,  of  course,  impossible  to  avoid  a  certain  amount  of  overlapping 
of  these  sciences,  but  in  view  of  the  importance  of  the  subjects,  it 
will  he  no  disadvantage  to  have  them  presented  from  several  points  of 

In  the  strict  limits  of  the  definition,  [^armacology  is  only  one  branch 
of  biology.  It  treats  simply  of  a  number  of  scientific  facts  without 
occupying  itself  with  the  practical  deductions  which  may  be  drawn 
from  these.  The  effects  of  the  rarest  chemical  upon  the  rarest  form 
of  fern  are  as  important  to  it  as  is  the  action  of  digitalis  in  cardiac 
disease.  But  since  we  will  not  study  it  as  an  abstract  science,  but  as 
a  part  of  medicine,  we  shall  lay  stress  principally  upon  its  practical 
application.  It  is  none  the  less  impossible  to  give  a  good  knowledge 
of  the  subject,  even  from  a  practical  standpoint,  without  taking  up 
some  substances  which  are  not  of  present  importance,  either  as  medi- 
cines or  as  poisons,  for  the  list  of  these  is  constantly  changing.  Just 
as  every  physician  has  his  own  materia  medica,  so  has  every  country, 
every  generation,  every  year. 

It  must  also  be  remembered  that  this  book  is  intended  for  study  as 
much  as  for  reference,  and,  consequently,  such  effects  as  are  obtained 
from  a  large  number  of  drugs  are  studied  more  particularly  on  those 
drugs  in  which  the  action  is  most  characteristic,  even  if  these  drugs 
should  not  he  so  widely  known. 

The  study  of  a  large  science,  like  the  present,  may  be  undertaken  by 
studying  first  the  general  principles  which  it  involves;  and  then  ap- 
plying these  to  details ;  or  the  details  may  he  mastered  first  and  made 
the  tuisis  for  the  deduction  of  the  principles.  Either  method  has  its 
advantages  and  drawbacks.  The  proper  way  would  seem  to  be  to 
carry  on  the  two  at  once.  The  present  chapter  will  give  some  of  the 
general  principles,  which  apply  to  every  drug.  The  student  must  not 
expect  that  he  will  understand  these  fully  at  the  first  reading;  their 
full  meaning  will  come  to  him  only  as  he  proceeds  further  in  his 
studies.  Until  then,  they  may  seem  to  him  dry  and  uninteresting  de- 
tails. However,  the  more  faithfully  he  works  his  way  through  the 
beginnings  of  the  subject,  the  richer  will  be  his  reward  in  the  end. 
the  belter  his  understanding  of  the  facts,  theories,  and  applications  of 
pharmacology. 

The  Hature  of  Phannacolc^c  Action. —  The  living  cell  may 
be  considered  as  a  very  complex  laboratory,  where  chemic 
decompositions  and  syntheses,  reductions  and  oxidations, 
etc.,  are  constantly  going  on.  These  chemic  changes  lead  to 
transformations  of  energy  which  find  their  final  expression 
in  the  phenomena  of  life.  The  vital  manifestations  of  the 
cell  are  therefore  inseparably  connected  with  physico-chemic 
transformations,  which  require  for  their  occurrence  the  ex- 
istence of  certain  chemic  and  physical  conditions.  The 
chemic  essentials  are:  the  presence  of  substances  capable 
of  liberating  energy,  and  the  conditions  suitable  for  their 
reactions,  such  as  a  pro[>er  temperature,  alkalinity,  presence 
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of  ferments,  etc.  The  physical  conditions  of  life  are:  A 
viscid  medium,  containing  colloid  proteids,  salts,  fats,  and 
water.  It  is  evident  that  pharmacologic  agents  must  act 
by  modifying  the  chemic  composition  or  the  physical  prop- 
erties, of  the  cells ;  their  action  must  be  physical  or  chemic. 

The  physical  effect!  consist  principally  in  solidification,  precipita- 
tion, or  solution  of  cell  constituents.  The  most  important  effect  is  on 
the  proteid,  and  is  produced  by  the  metals,  acids,  or  alkalies  (forma- 
tion of  albuminates)  ;  by  the  coal-tar  products,  alcohol,  neutral  sails. 
or  water  (dehydraticm  or  hydration)  ;  by  the  electric  charges  borne 
by  ions,  etc ;  as  also  by  strictly  physical  conditions,  such  as  heat,  tight, 
dectridty,  etc.  Solution  or  removal  of  the  fatty  constituents  of  cells 
(especially  cholesterin  and  lecithin)  also  introduces  important  physical 
changes  by  altering  the  permeability  of  the  cell  and  the  aggregation 
of  its  colloids;  on  this  rests  Ac  action  of  alcohol  and  the  general 
anesthetics,  of  sapotoxin,  and  possibly  of  some  toxinsia  further  action 
which  is  largely  physical  is  the  irritant  effect  produced  by  the  intro- 
duction of  foreign  molecules  into  the  cell.  These  must  be  conceived 
as  acting  as  "molecular  foreign  bodies,"  disturbing  the  normal  mechan- 
ism of  the  cell,  even  if  they  do  not  enter  into  any  chemic  reactions.  It 
is  often  very  difficult  to  draw  a  sharp  line  between  these  various 
physical  action,  and  those  which  depend  more  strictly  upon  chemic 
changes,  as  there  is  a  very  intimate  interrelation.  The  real  insight 
into  the  chemic  actloni  of  pharmacologic  agents  is  extremely  difficult, 
because  we  are  not  sufficiently  well  acquainted  with  the  chemic  struc- 
ture of  protoplasm  to  conceive  the  nature  of  its  reactions.  From  the 
fact  that  metabolism  occurs,  we  deduce  that  chemic  reactions  occur, 
and  these  must  be  capable  of  modification  by  chemic  reagents.  From 
the  complicated  structure  of  the  proteid  molecules  we  conclude  that 
it  must  be  capable  of  a  very  great  number  of  reactions,  a  conclusion 
which  is  confirmed  by  the  large  number  of  substances  which  are  util- 
ized by  the  cell.  We  find  an  expression  of  these  chemic  changes  in 
the  final  excretory  products  of  the  cell ;  but  we  are  very  ignorant 
of  the  reaction  by  which  these  final  changes  are  produced.  When  we 
find,  therefore,  that  a  chemic  substance  possesses  actions  for  which 
there  is  no  adequate  physical  explanation,  we  presume  that  it  enters 
into  chemic  reactions  with  the  protoplasm.  In  the  simplest  cases  the 
actions  occur  on  dead  tissues,  and  resemble  those  produced  on  sub-' 
stances  of  known  composition ;  this  is  the  case  with  acids,  alkalies, 
metals,  etc.  In  other  instances,  analogous  actions  iire  produced  on 
ferments;  but  in  many  cases,  particularly  with  alkaloids,  glucosids, 
and  toxins,  the  action  is  confined  to  living  cells,  and  for  these  we 
can  generally  furnish  no  explanation.  The  fact  that  these  poisons  are 
altered  in  the  body,  and  that  their  effects  increase  with  their  dose, 
renders  it  very  probable,  however,  that  their  action  is  also  chemic.  In 
the  case  of  toxins  this  is  confirmed  by  their  chemic  neutralization  by 
antitoxins.  The  chemic  combination  is  often  very  loose  and  unstable, 
as  shown  by  the  rapid  recovery  of  small  aquatic  animals  when  they 
are  removed  from  the  poison  to  pure  water.  A  strong  evidence  in 
favor  of  a  chemic  action  is  the ; 

Dependauce  of  the  Fbarmacologio  Action  on  the  Chemic  Con- 
stitntion, —  As  a  general  rule,  drugs  having  a  similar  con- 
stitution, possess  similar  actions;  and  definite  changes  in 
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the  molecule  —  as  in  homologous  series,  or  the  introduction 
of  new  groups  —  produce  definite  modifications  in  the  phar- 
macologic effects. 

This  dependence  of  the  action  on  the  chemtc  structure 
has  been  established  in  a  sufficient  number  of  cases  to  give 
it  the  dignity  of  a  general  law.  As  with  most  biologfic 
laws,  however,  there  are  numerous  apparent  exceptions  to 
the  general  rule. 

These  apparent  exceptions  may  very  often  be  attributed  to  our 
ignorance  of  the  true  chemic  structure  of  the  poisons  and  of  the 
protoplasm,  for  as  our  knowledge  of  chemistry  increases,  these  excep- 
tions tend  to  disappear.  It  must  be  remembered,  for  instance,  that 
the  action  is  not  so  much  determined  by  the  elementary  composition 
of  the  substance,  but  rather  by  the  manner  in  which  the  elements  are 
combined.  Isomeric  compounds  have  often  very  different  actions. 
Apparent  exceptions  result  also  from  the  different  penetrability  of 
cells  to  substances  which,  could  they  be  introduced  into  the  cell,  would 
cause  very  similar  effects. 

The  molecule  of  a  poison  often  contains  a  number  of  groups  of 
atoms,  which  have  different  actions.  The  recognition  of  which  of 
these  groups  is  the  bearer  of  a  given  action  is  often  of  very  great 
practical  importance,  for  it  enables  the  chemist  to  modify  the  molecule 
so  as  to  give  it  the  maximum  of  the  desired  therapeutic  action,  and 
at  the  same  time  to  remove  undesirable  side-actions.  This  has  led  to 
the  introduction  of  a  number  of  synthetic  remedies  which  are  su- 
perior to  natural  drugs.  Illustrations  of  these  will  be  found  in  the 
groups  of  hydrocarbon  narcotics,  antipjnetics,  antiseptics,  etc. 

The  Fnnotioaal  Hanifestatioiu  of  Pltannacologie  Action. — ■ 
Protoplasm  has,  broadly  speaking,  essentially  the  same 
structure,  chemistry  and  functions,  wherever  it  may  be 
found.  Considerable  differences  exist,  for  instance  between 
a  nerve  cell  and  a  gland  cell;  but  these  differences  are 
mainly  quantitative,  and  due  to  the  specialization  of  the 
cell.  Since  protoplasm  is  essentially  identical  in  all  cells, 
the  action  of  pharmacologic  agents  must  also  be  essentially 
the  same  in -all  situations;  but  just  as  quantitative  differ- 
ences exist  in  the  cell,  so  does  the  pharmacologic  action 
show  quantitative  differences  and  selective  properties.  Of 
these  we  shall  have  more  to  say  presently. 

Pharmacologic  agents  can  in  no  case  create  new  func- 
tions in  a  cell  or  tissue:  they  can  only  modify  existing 
functions,  or  at  most  make  evident  functions  which  have 
previously  been  latent.  As  a  general  rule,  the  most  con- 
spicuous changes  occur  in  the  most  conspicuous  function 
of  the  cell  —  partly  because  these  are  the  most  readily  ap- 
preciated, but  partly  also  because  specialized  functions  are 
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the  most  complex  and  hence  the  most  sensitive.  The  func- 
tions of  a  cell  may  be  increased  or  diminished,  resulting  in 
stimulation  or  depression.  Since  there  are  also  structures 
the  stimulation  of  which  would  lead  to  an  inhibition  of  other 
structures,  an  actual  increase  of  functiori  is  sometimes  dis- 
tinguished as  an  excitation}  A  very  violent  stimulation 
passes  usually  into  injury;  such  injurious  stimulation  is 
called  irritation.  Moderate,  but  prolonged,  stimulation 
also  passes  into  depression,  either  by  the  disappearance  of 
food  substances  (exhaustion),  or  by  actual  injury  to  the 
structure  (fatigue).  If  the  depression  is  so  great  that  the 
given  function  has  disappeared,  the  condition  is  called  par- 
alysis; if  all  the  functions  are  abolished,  there  is  death. 

The  greater  number  of  pharmacologic  agents  produce  at 
first  a  stimulation,  which  is  followed  in  larger  doses  by  a 
depression.  In  this  respect  the  differences  between  the  dif- 
ferent poisons  are  again  mainly  quantitative. 

The  so-called  "  stimulants  "  produce  a  very  strong  and 
prolonged  stimulation,  the  depression  being  produced  only 
by  relatively  large  doses.  The  "  depressants,"  on  the  other 
hand,  cause  only  a  slight  stimulation,  which  passes  readily 
into  depression.  Indeed,  with  a  few  depressants,  no  stimu- 
lation whatever  can  be  made  out.  It  is  very  rare  that  a 
depression  precedes  a  stimulation;  when  this  occurs,  the 
action  is  presumably  on  different  structures. 

Selective  Action. —  It  has  been  stated  that  the  action  of  practically 
all  drugs  consists  of  a  stimulation  followed  by  a  depression ;  and  that 
these  actions  are  exerted  on  every  structure  and  on  every  function. 
It  may  be  concluded  from  this  that  there  must  be  a  very  great  simi- 
larity in  the  effects  of  all  drugs,  and  this  is  true  if  the  actions  arc 
thoroughly  analyzed.  The  differences  which  exist  are  in  details  rather 
than  in  principle;  but  they  are  none  the  less  important.  Indeed,  these 
individual  peculiarities  are  of  immensely  greater  importance  in  the 
practice  of  medicine  than  the  underlying  sunilarity.  The  differences 
are  attributable  to  the  drug,  to  the  celt,  or  to  the  interaction  of  differ- 
ent functions.    They  may  involve  a  number  of  mechanisms; 

(a)  Selective  Absorption. —  A  drug  may  act  upon  a  cell  without 
actually  penetrating  into  it;  for  Instance,  by  exciting  the  nerves  sup- 
plying the  cell,  or  more  directly,  by  withdrawing  water  from  the 
protoplasm;  but  as  a  general  rule,  the  poison  must  be  absorbed  into 
the  cell,  before  it  can  produce  any  action.  In  order  that  this  absorp- 
tion may  take  place,  the  drug  must  be  either  volatile,  or  it  must  be 
soluble  in  the  cell  contents,  and  particularly  in  the  cell  envelope.  The 
solubility  of  a  substance  in  protoplasm  is  not  necessarily  the  same 
as  in  water.    Indeed,  it  varies  for  each  kind  of  cell,  and  consequently 

u*  would  lead  to  In   ticilatian  of  tbis 
of  tht  heart. 
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the  penetrability  of  different  cells  for  a  given  substance  may  vary 
greatly.  Whilst  the  renal  cells,  for  instance,  are  very  permeable  for 
sulphates,  the  intestinal  cells  are  as  good  as  impermeable.  It  is  in 
virtue  of  this  peculiarity  that  cells  are  capable  of  preserving  their  own 
composition,  notwithstanding  considerable  changes  in  the  fluids  in 
which  then  are  bathed.  This  fact  also  explains  why  a  given  sub- 
stance acts  much  more  strongly  upon  one  cell  than  upon  ariother. 

(b)  Effect  of  Concentration. —  The  amount  of  a  drug  absorbed  into 
a  cell  varies  generally  with  the  concentration  of  the  drug  in  the  sur- 
rounding fluid.  This  concentration  is  greatest  at  the  place  where  the 
poison  enters  and  leaves  the  body,  i.  e.,  in  the  alimentary  canal,  liver, 
and  kidneys.  The  influence  of  concentration  is  most  readily  seen  with 
locally  acting  drugs.  It  appears,  however,  that  with  many  poisons 
the  efFect  is  not  strictly  proportional  to  the  concentration ;  for  in- 
stance, increasing  doses  may  produce  very  little  effect  up  to  a  given 
point ;  when  this  is  exceeded,  very  severe  actions  follow.  This  is  due 
to  the  other  factors  entering  into  selective  action,  such  as  disintoxica- 
tion, habituation,  exhaustion,  fatigue,  etc. 

(c)  The  poison  may  act  only  on  certain  constituents,  whidi  are 
present  in  different  amounts  in  the  various  tissues.  F.  i.,  ether, 
which  acts  by  dissolving  fatty  substances,  has  therefore  the  greatest 
action  on  nerve  tissue,  in  which  fat  is  most  abundant. 

(d)  The  poison  may  only  unite  with  certain  side  chains  of  the  pro- 
toplasmic molecule,  which  are  not  present  in  every  cell.  This  explains 
the  selective  action  of  toxins.  The  production  of  specific  precipitins 
and  cytoloxins  is  a  strong  proof  of  the  individual  chemic  peculiarity 
of  each  class  of  cells. 

(e)  Certain  cells  possess  the  pcnoer  of  rendering  the  poison  harm- 
less, either  by  producing  antitoxnis,  or  by  altering  the  chemical  nature 
of  the  poison  (as  by  oxidation  or  reduction),  or  by  rapidly  excreting 
the  poison,  or  possibly  by  producing  substances  with  an  antagonistic 
action.  This  process  of  disintoxicatton  is  of  very  great  practical  im- 
portance. It  makes  it  necessary  to  administer  the  drugs  continuously, 
in  order  to  maintain  their  effect ;  it  often  requires  the  use  of  con- 
tinuously increasing  doses  as  the  power  of  disintoxication  becomes 
more  developed ;  and  were  it  not  for  the  power  of  the  body  to  destroy 
or  remove  poisons,  and  thereby  to  recover  from  their  action,  all  thera- 
peutic use  of  drugs  would  be  impossible. 

(f)  Certain  cells  appear  to  possess  the  power  of  storing  the  poison, 
i.  e.,  of  absorbing  it  more  readily  than  it  is  excreted.  This  explains 
the  selective  action  of  certain  metals.  (Intra  viiam  methylen  blue 
staining  is  a  conspicuous  example  of  this  selective  storage;  but  many 
others  could  be  given.) 

(g)  Some  drugs  are  themselves  innocuous,  but  give  rise  to  toxic 
decomposition  products.  They  will  act  selectively  on  those  tissues 
where  the  conditions  for  the  decomposition  are  favorable.  F.  {.,  iodids 
are  decomposed  in  the  presence  of  acids  with  the  liberation  of  tiie  irri- 

(h)  The  cause  of  selective  action  lies  often  in  the  cells  themselves, 
the  more  delicate  functions  being  damiiged  more  readily.  Hence  a 
poison  which  acts  indifferently  on  all  tissues  produces  always  the  most 
conspicuous  effect  on  the  central  nervous  system. 

(i)  Certain  cells  also  accommodate  themselves  more  readily  to  al- 
tered conditions. 

Fltarmacolo^c  Claaiification  of  Dru^s, —  The  selective  ac- 
tion of  drugs  permits  a  system  of  classification:    Poisons 
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which  aher  all  tissues,  and  which  therefore  produce  effects 
at  the  place  where  they  are  appHed,  are  termed  "  locally- 
acting"  drugs.  They  may  produce  similar  chemic  changes 
in  dead  tissues.  These  usually  cause  inflammation  when 
applied  to  living  tissues,  and  are  then  called  irritants  (in- 
cluding simple  irritants,  corrosives,  and  astringents).  Oth- 
ers lessen  inflammation  mechanically  (emollients  and  de- 
mulcents).    Others  act  chemically  on  all  living  structures, 


without  changing  dead  tissues ;  these  are  termed  "  proto- 
plasmic poisons." 

Poisons  which  act  selectively  on  a  few  structures  are 
called  "  Muscle-Nerve  Poisons."  They  may  affect  end- 
organs  (sensory  endings,  gland  cells,  or  striped,  smooth 
or  cardiac  muscle)  ;  or  the  nerve-endings ;  or  ganglia ;  or 
any  part  of  the  central  nervous  system.  (Nerve-fibres  are 
so  resistant  that  they  are  only  affected  when  the  poison  is 
applied  to  them  directly.) 
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Variations  in  Symptoms.— The  selective  action  of  drugs  is  rarely 
absolute;  even  strychnin,  a  highly  selective  poison,  acts  as  a  general 
protoplasmic  poison  when  it  is  directly  applied  in  ^uflicient  concentra- 
tion. However,  some  one  action  often  predominates  so  greatly  over 
the  others,  that  it  may  be  considered  as  characteristic  for  the  drug. 
Even  in  this  case,  the  poison  as  a  rule  acts  selectively  on  several 
structures.  This  accounts  for  the  great  variability  which  is  often 
seen  in  the  action  of  the  same  drug  under  different  conditions.  Thus, 
atropin  stimulates  the  vagus  center,  but  paralyzes  the  endings :  it  may 
therefore  cause  either  a  quickening  or  a  slowing  of  the  pulse.  Again, 
through  the  opposed  action  of  small  and  large  doses,  strychnin,  e.  g., 
may  cause  either  a  stimulation  or  a  paralysis  of  the  vasomotor  center. 
Another  frequent  cause  of  variable  actions  lies  in  the  indirect  actions 
of  a  drug.  A  drug  which  causes  convulsions  will  thereby  tend  to 
stimulate  the  vasomotor  center,  although  its  direct  action  on  this  center 
may  be  depressant 

Drugs  which  act  upon  the  vasomotor  center  are  particularly  apt  to 
give  rise  to  indirect  effects,  /.  ».,  on  the  central  nervous  system,  which 
are  apt  to  be  mistaken  for  direct  action.  This  is  well  illustrated  by 
the  systemic  action  of  metals.  These  variable  actions  and  interactions 
make  the  effects  of  many  poisons  appear  very  complicated,  although 
they  prove  quite  simple  on  analysis.  This  analysis  is  very  important 
for  a  proper  understanding  of  the  action,  but  it  is  still  more  important 
to  remember  the  complex  effects  which  result,  for  it  is  with  these 
that  the  practicing  physician  has  to  deal.  Very  often  the  pharma- 
cologic action  in  this  sense  is  not  the  therapeutic  action.  A  very  im- 
portant pharmacologic  action  of  morphin,  for  instance,  is  a  stimula- 
tion of  the  spinal  cord ;  but  no  one  would  think  of  employing  the 
drug  therapeutically  for  this  purpose,  since  this  action  is  entirely  over- 
shadowed by  its  other  effects.  For  this  reason  it  would  not  be  a 
good  plan  to  classify  the  drugs  strictly  according  to  their  pharma- 
cologic actions.  On  the  other  hand,  a  therapeutic  classification,  al- 
though useful  in  some  respects,  is  not  favorable  to  a  study  of  the 
underlying  actions  of  the  drugs,  and  tends  to  empiricism.  The  best 
principle  of  classification  yet  devised  is  that  of  Buchheim,'  according 
to  which  drugs  are  grouped  according  to  their  principal  pharmacologic 
characters,  taking  account  of  all  the  important  actions,  as  well  as  of 
the  chemic  prc^erties,'  and  in  many  cases  also  of  the  therapeutic 
uses  of  the  drugs.  In  this  classification  the  actions  of  one 
group  shade  off  into  those  of  the  next,  the  system  resembling  some- 
what that  of  the  natural  system  of  orders  used  in  botany  or 
zoology.  This  is  the  general  plan  which,  with  minor  modifications  of 
detail,  has  been  adopted  in  this  volume,  the  ]>harmacologic  classifica- 
tion being  supplemented  by  therapeutic  summaries.  With  this  arrange- 
ment, it  makes  very  little  difference  with  which  group  the  study  of 
pharmacology  is  begun.  If  the  student  is  well  grounded  in  physiology 
and  pathology,  it  is  well  to  begin  at  once  with  the  muscle-nerve 
poisons ;  otherwise  it  will  be  found  best  to  begin  with  the  locally 
acting  drugs  (Chapter  XXVIII). 

Definitioiu  of  Phaimaoologio  Termi —  Some  rather  loosely 
used  pharmacologic  tenns  may  be  defined  in  this  place,  in 

■  Buchheim  in*;  be  considered  the  founder  o(  inadern  phinnacolagr,  bjr  the 
ejlablishment  of  the   first  pharmacologic  laboratory,  at  Dorpat  in  iBs«. 

actimi.  !liui  the  action  of  strrchnin  resembles  that  of  ^nua  toxm,'  a'rKnic 
that  of  cholera,  barium  Ibat  of  dif^ulia.  In  aome  cases  the  action  mar  be 
supposed   10  be   really   identical,   but   in  oiheia  the    reaemblance   ii   mereljr  tupet- 
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the  sense  in  which  they  are  generally  employed  in  this 
volume : 

Local  actions:  produced  at  the  place  where  the  drug  is 
applied;  Remote  actions:  occurring  in  distant  parts  of  the 
body  (may  be  either  systemic  or  indirect)  ;  Systemic  effects 
(sometimes  called  general  action)  :  produced  after  the  ab- 
sorption of  the  drug  into  the  circulation ;  Direct  effects 
(sometimes  called  primary)  :  produced  by  the  direct  action 
of  the  drug  on  the  tissue  concerned ;  Indirect  effects  ( some- 
times called  secondary),  are  not  produced  by  the  action  of 
the  drug  on  the  tissue  concerned,  but  by  the  intervention  of 
some  other  structures  on  which  the  drug  acts  {e.  g.,  asphyx- 
ial  convulsions  are  an  indirect  effect  of  asphyxiant  poisons)  ; 
Reflex  effects  are  indirect  actions  arising  from  local  irrita- 
tion ;  Immediate  effects  (also  sometimes  called  primary)  are 
the  effects  resulting  at  once ;  Late  effects  are  those  occurring 
later;  if  they  are  preceded  by  other  (immediate)  actions, 
they  are  properly  called  secondary  actions.  Side  actions 
are  actions  which  are  not  desired  in  the  therapeutic  use  of 
the  drug. 

Method  of  Pfaonnacologtc  Investigation.— Tbe  effects  of  drugs 
on  patients,  or  in  cases  of  poisoninK,  are  by  far  too  complex  to  furnish 
■117  real  insigbt  into  the  actions  which  are  involved.  To  attain  the 
object  of  pharmacology  —  the  explanation  of  the  action  of  drugs  — 
it  is  indispensable  to  simplify  the  conditions  as  much  as  possible,  and 
to  make  the  functions,  which  are  to  be  studied,  accessible  to  measure- 
ment, and  if  feasible,  to  graphic  representation.  The  methods  of  ex- 
perimental physiology  are  employed  for  this  purpose. 

The  Slvdy  of  Isolated  Structures. —  To  eliminate  the  complications 
which  arise  from  a  simultaneous  action  on  several  structures  or  from 


indirect  actions,  the  tissues  to  be  studied  are  generally  isolated.  This 
isolation  may  be  accomplished  by  employing  unicellular  organisms 
if  the  action  on  undifferentiated  protoplasm  is  to  be  investigated ;  or 
bjr  excising  the  tissue  (as  muscle,  etc.)  from  the  body;  or  by  apply- 
ing the  drug  to  the  exposed  tissue  (f.  g.,  to  a  sympathetic  ganglion); 
or  by  severing  the  connection  with  other  tissues  which  might  be  af- 
fected (as  by  section  of  a  nerve)  ;  or  by  paralyzing  these  structures 
by  appropriate  poisons;  or  by  restricting  the  action  of  a  drug  to  a 
given  paii.  by  cutting  olT  the  circulation.  In  some  cases  it  suffices  to 
confine  the  observation  to  the  structure  to  be  studied. 
One  or  the  other  method  of  isolation  may  be  employed,  according 


cases  superfluous.  If  the  question  is,  for  instance,  whether  an  observed 
■tfatnUtlon  is  on  a  central  or  on  a  peripheral  structure,  it  suffices 
to  divide  the  nerve:  on  an  efferent  chain,  this  will  abolish  the  effects 
of  a  central  stimulation,  whilst  those  of  a  peripheral  stimulation  will 
persist  With  an  afferent  chain  the  conditions  would  be  reversed. 
By  making  sections  at  various  levels  of  the  chain,  the  location  of  the 
action  may  be  accurately  determined.    When  the  structures  to  be  in- 
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vestiBated  are  inaccessible  to  the  scalpel,  one  may  substitute  drugs 
which  are  known  to  paralyze  these  structures  selectively.  (Chloral 
for  vasomotor  center;  quinin  for  muscle;  curare  for  the  endings  in 
striped  muscle;  nicotin  for  ganglia;  atropin  for  endings  of  the  vagi 
or  sympathetic  etc.)  The  «ite  of  ■  paralyils  is  similarly  located  & 
successive  stimulation.  The  stimulation  is  accomplished  by  electricity 
or  by  appropriate  drugs  («.  g.,  physostigmin  for  muscle  and  for  sym- 
pathetic endings;  small  doses  of  nicotin  for  ganglia;  muscarin  for 
vagus  endings;  pilocarpin  for  glands,  etc.). 
A  few  examples  will  make  this  general  method  clear: 

1.  Slrychnm.'—  It  is  noted  that  strychnin  produces  a  tetanus.  This 
implies  a  motor  stimulation  somewhere.  The  sciatic  nerve  is  cut;  it 
is  found  that  the  convulsions  disappear  in  the  leg  but  persist  in  the 
rest  of  the  body.  The  action  must  therefore  be  central.  The  cere- 
brum and  medulla  are  successively  excised ;  the  convulsions  persist, 
and  must,  by  exclusion,  be  located  in  the  cord.  This  is  confirmed  by 
destroying  the  cord,   which   causes   the   complete  disappearance   of  the 

2.  Curare^ — This  produces  a  complete  muscular  paralysis.  Stimu- 
lation of  the  sciatic  elicits  no  response.  The  paralysis  must  there- 
fore be  perijAeral.  Direct  stimulation  of  the  muscle  is  effective. 
This  excludes  all  the  possible  structures  except  the  nerve  trunk  and 
endings.  The  nerve  of  another  preparation  is  laid  into  the  curare 
solution,  and  after  a  time,  is  stimulated ;  a  contraction  results,  so  that 
the  nerve  trunk  is  not  paralyzed.  The  action  must  therefore  be  on 
the  endings. 

3-  If  a  peripheral  structure  is  stimulated  or  paralyzed,  it  is  impos- 
sible to  decide  by  this  method  whether  there  is  not  also  a  central 
action,  for  the  peripheral  effects  would  obscure  the  central.  A  stimu- 
lation of  the  cord,  for  instance,  could  cause  no  effect  if  the  drug  had 
paralyzed  the  motor  endings.  In  these  instances,  it  is  necessary  to 
confine  the  action  of  the  drugs  to  the  centers,  which  requires  a  more 
complicaled  technic. 

The  Study  of  tlie  Effects  of  Drugs  on  InUct  Nomial  Aoi- 
tnait. —  A  complete  conception  of  the  aiitions  of  a  drug  can  oidy 
be  obtained  by  supplementing  the  study  of  its  effects  on  isolated 
Structures,  by  careful  observation  and  analysis  of  the  symptoms  which 
it  produces  in  inlact  mammals.  The  effects  on  metabolism,  and  the 
histologic  lesions,  etc.,  can  only  be  studied  in  this  manner.  Indeed, 
these  experiments  are  often  undertaken  before  the  more  difficult  in- 
vestigations on  isolated  structures;  for  they  furnish  valuable  hints  of 
the  direction  which  the  latter  should  take.  When  circumstances  per- 
mit, it  i.^  advisable  to  proceed  from  the  lower  to  the  higher  classes 
of  animals,  and  finally  to  man.  Opportunities  for  observing  the  effecU 
of  drugs  on  man  are  frequent  in  cases  of  poisoning,  and  should  not 
be  neglected ;  but  intentional  experiments  with  drugs  on  man  are  to 
be  undertaken  only  with  the  greatest  caution,  with  doses  which  do  not 
exceed  the  therapeutic  maxima ;  and,  as  a  rule,  only  after  the  effects 
have  been  thoroughly  studied  on  animals. 

The  Effect  of  Drugs  In  Disease.— The  action  of  drugs  is  not  al- 
ways the  same  in  disease  as  in  health.  The  differences  are,  however, 
as  a  rule  quantitative  rather  than  qualitative.  Since  the  drugs  are  in 
practice  employed  most  extensively  in  disease,  their  action  in  these 
conditions  is  of  the  greatest  importance.  As  a  general  rule,  it  is  i>os- 
sible  to  explain,  and  even  to  predict,  the  action  of  drugs  in  disease 
from  their  action  on  normal  tissues.    However,  the  actual  test  must 
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always  be  made.  Animal  experiments  are  of  but  limited  value  in  this 
connection,  and  we  are  iorced  to  rely  mainly  on  observations  on  pa- 
tients. To  make  these  of  any  value  it  is  in  the  first  place  necessary 
that  the  observations  be  made  very  accurately  and  that  all  psychic 
factors  be  excluded ;  it  is  further  necessary  that  the  existing  patholog- 
ical condition  be  correctly  known.  These  requirements  are  unfortunate- 
ly not  fulfilled  in  many  cases,  which  accounts  in  part  for  the  differ- 
ences which  are  occasionally  noted  between  the  clinical  and  the  ex- 
perimental data.    These  exceptions  will  be  discussed  in  the  text. 

In  the  case  of  all  the  older  drugs,  clinical  tests  have  been  made  so 
abundantly  that  further  observations  would  seem  superfluous.  This 
is  by  no  means  the  case.  Accurate  observaticais  in  the  light  of  our 
advancing  knowledge,  and  employing  the  improved  methods  of  diag- 
nosis and  observation,  are  always  needed. 

It  is  also  highly  desirable  that  every  physician  should  obtain  his 
knowledge  of  the  therapeutic  action  of  drugs  at  first  hand.  He 
should  utilize  every  case  under  his  care  for  this  purpose,  and  con- 
duct his  treatment  as  if  it  were  a  critical  experiment,  the  interests 
of  the  patient  being,  of  course,  paramount  The  conclusions  will  be 
greatly  simplified  if  but  one  drug  is  used  at  a  time. 

Cfaemic  Investlgationa.— Since  the  action  of  drugs  depends  so 
largely  upon  their  ckemic  conslilution,  the  latter  is  a  legitimate  subject 
of  pharmacologic  inquiry.  The  study  of  the  fate  of  the  drug  in  the 
body,  of  the  mechanism  of  its  absorption,  excretion,  and  storage,  is 
also  indispensable.  These  involve  the  method  of  quantitative  chemic 
analysis. 

The  Praotioal  Value  of  Pharmacology —  The  utilitarian  aim 
of  pharmacology  is  to  supply  the  science  of  medicine  with 
a  rational  and  scientific  basis  for  the  practice  of  therapeutics 
and  for  the  study  of  toxicology.  It  was  shown  in  the  pre- 
ceding section  that  these  objects  can  only  be  attained  by 
experimentation  on  lower  animals.  This  brings  up  the 
ftmdamental  question :  To  what  extent  can  results  observed 
on  animals  be  transferred  to  man?  The  prejudices  in  re- 
gard to  this  question  —  which  concerns  all  fields  of  med- 
ical research  —  have  fortunately  disappeared  almost  com- 
pletely. It  is  now  conceded  that  a  similar  physiology  im- 
plies a  similar  pathology  and  pharmacology.  In  the  great 
majority  of  cases,  similar  structures  are  affected  in  the 
same  way  by  a  given  drug,  no  matter  in  what  animal  they 
are  studied. 

Racial  Peculiarities.'— Where  differences  exist,  these  can  usually 
be  explained  by  differences  in  the  physiologic  functions.  For  in- 
stance, the  cerebral  actions  are  usually  the  more  pronounced,  the 
more  highly  the  central  nervous  system  is  developed;  whereas  spinal 
actions  predominate  in  the  lower  vertebrates.  Rodents  are  incapable 
of  vomiting  and  are  therefore  not  affected  by  emetics.  Atropin 
quickens  the  heart  of  the  dog,  but  not  that  of  the  rabbit,  because  it 
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acta  by  paralyzing  the  vagus,  which  is  not  tonically  active  in  the 
rabbit 

Tliere  are  still  a  number  of  differences  which  can  not  yet  be  ex- 
plained 0»  a  phytiologic  basit,  as  f.  i.  the  tolerance  of  rabbits,  etc^ 
to  the  toxic  effect  of  atropin.  TTiese  must  be  referred  to  our  igno- 
rance of  the  physiologic  differences  which  are  involved.  The  differ- 
ences in  animals,  physiologic  and  unexplained,  are  now  generally 
recc^^iized  so  that  snitable  species  can  be  chosen  for  experimentation. 
They  can  furthermore  be  eliminated  by  using  the  drug  on  several 
species :  If  a  gkreti  poison  affects  all  species  alike,  it  may  be  con- 
cluded that  its  action  ott  man  is  also  the  same.  If  it  produces  differ- 
ent effects,  but  if  these  can  be  explained  by  differences  in  physiology, 
the  effects  on  man  will  be  similar  to  those  produced  on  the  species 
the  physiology  of  which  resembles  roost  closely  that  of  man. 

It  will  be  seen  that  great  care  must  be  used  in  applying  the  results 
of  experimental  pharmacology  to  man.  The  neglect  of  this  precau- 
tion, the  drawing  of  far-reaching  conclusions  from  a  few  limited  ex- 
periments, threw  discredit  on  pharmacology  in  its  earlier  days,  and 
is  still  seen  all  too  fre<]uently.  Pharmacology  cannot  be  held  re- 
sponsible for  this  misapplication  of  its  data  by  half-trained  enthusiasts. 
Its  scope  is  really  limited  to  its  own  results  and  not  to  their  applica- 
tion, although  it  may  legitimately  surest  the  latter.  It  should  not 
be  made  to  replace  the  science  of  therapeutics,  but  should  only  aim 
to  place  well  studied  tools  in  the  hands  of  the  latter.  If  this  limita- 
tion is  realized ;  if  the  therapeutist  will  carefully  study  the  results 
of  pharmacology  and  will  utilize  and  interoret  them  in  the  light  of 
bedside  experience,  then  pharmacology  will  oe  of  very  great  value  to 
medicine. 

One  very  important  service  is  rendered  by  pharmacology  through 
the  examination  of  new  remedies.  The  development  of  synthetic 
chemistry  especially  has  resulted  in  the  discovery  of  a  very  large 
number  of  new  substances  of  some  therapeutic  value.  The  number 
is  indeed  so  large,  that  all  could  not  be  given  a  thorough  trial  on 
patients.  Most  of  these  substances  possess  some  value,  but  many  differ 
from  each  other  by  very  insignificant  details.  In  this  case,  pharma- 
cology can  select  the  most  promising  drugs  of  a  type,  and  by  their 
thorough  study,  indicate  those  which  are  worthy  of  trial  by  the 
clinician. 

CONDITIONS  AFFECTING  THE  ACTION  OF  DRUGS. 
The  effects  of  a  given  drug  or  poison  are  not  always 
uniform,  but  vary  with  conditions;  such  as  the  dose;  the 
absorption  and  elimination ;  the  method  and  time  of  admin- 
istration; the  simultaneous  presence  of  other  substances: 
the  age,  sex  and  race  of  the  patient ;  the  existence  of  dis- 
ease, etc.,  etc.  A  knowledge  of  these  variations  is  very 
important. 

Dosage. —  Drugs  are  administered  to  produce  a  desired  effect,  and 
the  dose  must  be  sufficient  for  this  purpose,  and  neither  too  small, 
nor  too  large.  Since  the  effect  is  influenced  by  numerous  conditions, 
it  is  impossible  to  state  the  exact  doses  for  any  drug;  experience  is 
the  only  safe  guide.  However,  the  doses  vary  under  ordinary  con- 
ditions only  within  rather  narrow  limits,  and  lie  near  the  "average 
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*w«"  given  in  this  book.  The  U.  S.  P.  also  sUtes  the  average  doses. 
The  "  maximum  dose "  sigiii5es  the  largest  dose  which  can  be  safdy 
nsed  in  ordinary  cases ;  the  "  in»itmi»K  dote "  is  the  smallest  dose 
which  produces  therapeatic  effects ;  a  "  toxic  dose "  is  one  which 
|iroduces  dangerous  effects;  the  " jtul  fatal  dose"  is  that  which  is 
just  si^fljcient  to  cause  death ;  the  "  physiologic  dose "  (a  rather  in- 
definite tenn),  is  used  in  physioloKic  experiments  on  animals. 

Dally  Docc — The  single  doses  are  usually  calculated  on  the  as- 
sumption that  sufiicient  time  is  allowed  to  elapse  between  the  doses, 
lor  the  greater  part  of  the  drug  to  be  excreted.  This  constitutes  a 
periodic  medication.  The  exact  time  varies  of  course  with  the  nature 
of  the  drug,  but  in  most  cases  the  drug  is  administered  three  or  four 
times  a  day;  so  that  the  daily  dose  is  about  three  or  four  times  the 
single  dose.  If  a  continuotu  action  is  desired,  correspondingly  smaller 
doses  are  given  at  shorter  intervals. 

The  doses  ordinarily  stated  in  text-books  apply  only  to  adults  of 
average  size,  and  to  oral  administration. 

Effect    of   Weight.— Other    things    being   equal,   the  effect   of    a 

fiven  dose  is  inversely  proportional  to  the  weight  of  the  individual 
exclusive  of  the  adipose  tissue).  It  is  rarely  necessary  to  make 
allowance  for  the  weight  in  adults  (ao  to  60  years),  but  it  may  be  used 
for  calculatii^  the  doses  for  children, 

CalcoUtion  of  Doses  for  Children. —  In  most  cases,  the  adult 
dose  is  reduced  in  simple  proportion  to  the  weight  of  the  child  — 
either  by  direct  calculation,  or  by  the  use  of  empiric  rules  based  cm 
averages,  as  described  below.  The  dosage  so  obtained  is  generally 
sufficiently  exact  It  is  inadmissible  only  with  t 
dren ;  and  with  drugs  Uie  action  of  which  i 
by  age. 

Clark's  Rule.— Multiply  the  adult  dose  with  the  weight  of  the 
child  (in  ijounds),  and  divide  by  150  (the  weight  of  the  average 
adult).    This  rule  gives  the  most  exact  results. 

Yoaag's  Role.— Multiply  the  adult  dose  with  the  age  of  the  child 
(in  years),  and  divide  by  the  age  plus  la. 

Cowling's  Rale. — Mdtiply  the  adult  dose  with  the  age  of  the  child 
at  the  next  birthday,  and  divide  by  24. 

(For  example,  by  Young's  rule,  the  dose  for  a  child  of  three  years 
would  be  '/.•  =  H  the  adult;  by  Cowling's  rule,  it  would  be  '/-  =  '/*■) 

The  dose  for  aged  people  is  generally  taken  as  somewhat  less 
than  that  for  adults.  Above  60  years,  the  latter  is  reduced  to  ^  or 
fi;  and  in  extreme  senility,  to  l4- 

Specific  Inflnence  of  Age  oa  Dmg>Actlan.— These  (t.  e.,  apart 
from  the  difference  due  to  weight)  are  only  known  definitely  for  a 
few  drugs,  although  young  individuals  are  quite  generally  more  sensi- 
tive to  drugs  than  adults.  Children  are  especially  susceptible  to 
morphin  and  nicotin,  and  comparatively  tolerant  to  sti^hnin.  Old 
age  is  also  less  resistant  to  drugs ;  purgatives  and  emetics  are  espe- 
cially debilitating.  The  frequent  existence  of  atheroma  makes  it  dan- 
gerous to  use  drugs  which  raise  the  blood  pressure,  directly  or  indi- 
rectly. 

laflnence  of  Sex. —  Women  usually  require  somewhat  smaller  doses 
than  men  (^  to  ^).  The  greater  susceptibility  is  in  large  part  due 
to  the  lesser  weight,  but  in  part  also  to  the  anatomic  and  functional 
peculiarities.  The  influences  of  sex  are  of  course  most  pronounced 
with  drugs  which  act  on  the  generative  organs.  Pregnancy  also 
modifies  the  action  of  drugs,  and  contraindicates  the  use  of  irritant 
cathartics  (because  of  the  danger  of  inducing  abortion)  and  of  irri- 
tant diuretics  (on  account  of  the  tendency  to  nephritis),  etc. 


.dbyCoogle 


I20  INTRODUCTION   TO   PHARMACODYNAMICS.     CH.   VII. 

The  temperatnre  has  a  marked  effect  in  cold-blooded  animals; 
veratrin,  nicottn,  strychnin,  tetanus  toxin,  chloral,  and  alcohol,  for 
instance  are  rendered  more  active,  morphin  and  curare,  less  active, 
by  raising  the  temperature.  An  indication  of  this  influence  in  man  is 
seen  in  the  modification  of  the  action  of  antipyretics  by  fever.  (In 
mammals,  cooling  generally  increases  the  fatal  effect  by  adding  its 
direct  depressant  action.) 

Pathologic  conditions  must  also  be  taken  into  account.  These 
may  lessen  absorption  (diarrhea)  or  increase  it  (corrosion)  ;  they  may 
hasten  the  destruction  of  the  poison  (alcohol  produces  less  intoxica- 
tion in  fever) ;  or  they  may  alter  the  effects  entirely  (the  antipyretics 
reduce  the  temperature  in  hyperpyrexia,  but  do  not  effect  it  when 
it  is  normal ;  mercury  produces  peculiar  effects  in  syphilis ;  digitalis 
is  an  efficient  diuretic  in  cardiac  disease,  but  not  in  health;  it  affects 
the  normal  cardiac  muscle,  but  has  little  action  on  a  fatty  heart,  etc.). 
These  modifications  are  readily  explained  by  the  functional  or  ana- 
tomic changes  of  disease. 

Synerglnn  and  AntagoniBin.— The  effect  of  drugs  is  similarly 
influenced  by  unusual  conditions  induced  by  the  simultaneous  admin- 
istralioH  or  presence  of  other  drugs.  The  effect  will  be  greater,  and 
the  dose  should  be  smaller,  if  another  similarly  acting  drug  is  being 
given.  In  some  instances  die  simultaneous  effect  of  several  drugs  is 
greater,  or  more  desirable,  than  could  be  secured  by  the  action  of  one 
drug  alone,  even  were  it  given  in  increased  doses.  This  phenomenon, 
which  is  called  "synergistic  action,"  has  not  been  sufficiently  investi- 
gated experimentally,  although  it  is  of  frequent  occurrence,  and  of 
great  importance.  In  some  cases  it  is  due  to  the  summation  of  useful 
actions,  whilst  undesirable  side  actions  are  neutralized.  The  drugs 
must  be  present  in  certain  proportions,  else  the  effect  may  pass  into 
antagonism. 

In  other  cases,  new  actions  are  developed  by  the  reaction  of  the 
drugs  on  each  other,  with  the  production  of  new  compounds.  For 
instance,  the  presence  of  acids  renders  the  basic  salts  of  bismuth  solu- 
ble and  toxic;  it  liberates  iodin  from  iodids;  the  iodids  also  decom- 
pose calomel  and  render  it  Irritant 

On  the  other  hand,  drugs  may  oppose  each  other,  i.  e.,  have  an  "  an- 
tagonistic action."  "■  This  constitutes  "  therapeutic  incompatibility." 
The  antagonism  may  be  due  to  opposite  actions,  to  chemic  neutraliza- 
tions or  to  interference  with  absorption,  or  to  increased  excretion 
(for  instance,  the  chlorids  increase  the  elimination  of  iodids  and  bro- 
mids,  and  thereby  lessen  the  action). 

The  time  of  odmlnlstratlon  also  influences  the  action  of  drugs. 
Hypnotics  and  Cathartics,  for  instance,  are  most  effective  when  their 
action  coincides  with  the  natural  time  of  sleep  and  defecation,  and 
if  the  external  conditions  are  favorable.  Stomachics  are  best  given 
shortly  before  meals.  Drugs  which  are  to  be  absorbed  rapidly  are 
given  on  an  empty  stomach,  whereas  irritants  are  administered  just 
after  meals,  when  the  stomach  is  protected  by  food ;  etc. 

The  preparation  of  the  drug  is  also  important.  Extraneous  mat- 
ter delays  absorption,  so  that  the  isolated  active  constituents  (alka- 
loids, etc.)  are  preferred  if  a  quick  systemic  action  is  desired,  whilst 
the  galenic  preparations  (extracts,  tinctures,  pills,  etc.}  are  used  for 
local  effect.  In  case  a  crude  drug  contains  several  active  ingredients, 
the   employment  of  the  isolated  constituents   will  give  more  certain 

Abaorptlon.'—  The  time  required  for  the  absorption  into  the  body 
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and  into  the  cells  varies  from  a  few  seconds  {e.  g.,  hydrocyanic  acid), 
to  several  weeks  (e.  g.,  lead).  The  rapidity  of  absorption  depends 
upon  the  nature  of  the  drug,  the  place  01  adminis  Ira  lion,  and  a  num- 
ber of  accessory  factors.  It  is  generally  proportional  to  its  solubility 
in  protoptasm-  or  to  its  ■volatiiity.  It  must  be  remembered  that  the 
solubility  in  water  is  not  always  an  index  of  the  solubility  in  proteid 
containing  fluids,  and  particularly  in  protoplasm.  The  solubility  may 
also  be  modified  in  the  alimentary  canal.  The  rapidity  of  absorption 
is  also  proportional  to  the  rapidity  of  the  circulaHon  in  the  absorbing 
surface:  it  may  also  be  hastened  (especially  from  subcutaneous  injec- 
tion) by  increasing  the  lymph-fiow  through  moderate  distention  and 
through  massage.  It  is  also  hastened  t^  increasing  the  absorbing 
surface  (e.  g.,  by  making  multiple  hypodermic  injections).  It  is  fur- 
ther hastened  (especially  with  hypodermic  injections)  by  increasing 
the  concentration  of  the  drug.  Decrease  of  the  circulation  (deficient 
heart  action,  venous  stasis,  vasoconstriction)  delays  the  rapidity  of 
absorption.  In  the  alimentary  canal,  injury  to  the  absorbing  cell  may 
either  facilitate  or  hinder  absorption ;  astringents  tend  to  have  the 
latter  effect,  corrosives  and  simple  irritants  the  former.  The  presence 
of  oil,  gums,  or  extractives  lessens  absorption  by  hindering  the  access 
of  the  drug  to  the  absorbing  surface.'  The  presence  of  food  in  (he 
alimentary  canal  has  a  similar  action.  On  the  intact  skin,  however, 
absorbable  oils  facilitate  the  absorption  of  other  substances  dissolved 
in  them;  alcohol  has  a  similar  favorable  effect  in  the  stomach. 

The  choMtel  by  which  drugs  art  absorbed  into  the  body  depends 
naturally  on  the  place  of  administration.  Absorption  of  drugs  may 
occur  from  the  alimentary  canal  or  from  other  mucous  surfaces;  from 
subcutaneous  tissue  or  serous  cavities ;  from  the  alveoli  of  the  lungs 
(gases  and  volatile  substances) ;  a  limited  number  of  substances  may 
also  be  absorbed  from  the  intact  skin.  The  influence  of  the  place  of 
administration  will  be  discussed  later. 

It  must  not  be  forgotten  that  a  drug,  after  it  has  been  absorbed 
into  the  circulation,  needs  still  to  penetrate  into  the  cells.  This  intra- 
cellular absorption  depends  upon  the  nature  of  the  poison  (selective 
absorption),  and  to  some  degree  on  its  concentration.  As  a  rule,  it  is 
a  very  rapid  process:  Masoin  (1903)  found  the  time  which  elapses 
before  just  toxic  doses  disappear  practically  completely  from  the  blood, 
after  intravenous  injection,  to  be  for  Arsenic, '/w  to  30  seconds;  Tetanin, 
ao  seconds;  Cyanids,  2  to  6  minutes;  Diphtheria  toxin,  4  minutes; 
Antitoxin,  several  hours. 

Excretion.' — This  occurs  through  the  urine,  feces,  expired  air, 
sweat,  and  through  all  the  secretions.  It  is  proportional  to  the  cir- 
culation and  to  S)e  functional  activity  of  the  excretory  organs,  and 
may  be  increased  by  the  factors  which  stimulate  these.  The  excre- 
tion of  certain  drugs  appears  to  be  limited  by  their  existing  in  the 
body  in  the  form  of  combinations.  The  elimination  of  these  is  favored 
by  substances  which  displace  them  from  the  compounds.  This  is 
probably  the  explanation  of  the  increased  excretion  of  iodids  on  the 
administration  of  chlorids,  and  possibly  of  the  favorable  effect  of  iodids 
in   chronic  poisoning  by  metals. 

Pate  of  the  Poison. —  The  majority  of  poisons  are  more  or  less 
altered  in  the  body,  and  rendered  less  harmful.  This  is  effected  by 
the  oxidation,  reduction,  or  decomposition  of  the  poison,  or  by  the 
Storage  of  the  poison  in  certain  organs,  or  by  its  combination  with 
other  substances  which  render  it  harmless.  A  few  examples  of  the 
mechanisms  of  disintoxication  may  prove  interesting : 

•  ExeiciM  16. 
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Strychnin  and  many  other  poisons  are  partly  oxidized  in  the  body, 
and  the  toxic  effect  is  therefore  reduced  if  the  poisoned  animal  is 
placed  in  an  atmosphere  of  oxygen.  CaSein  is  said  to  be  mote  toxic 
to  animals  deprived  of  thyroids,  which  might  be  explained  by  the 
lesser  oxidation  following  the  removal  of  these  glands.  Reid  Hunt 
(1905)  has  shown  that  feeding  with  thyroid  markedly  diminished  the 
toxicity  of  acetonitril.  The  action  of  some  poisons,  particularly 
the  toxins,  is  destroyed  by  the  ehemic  action  of  the  gastric  juice. 
Morphin  is  also  largely  destroyed  somewhere  within  the  body,  espe- 
dally  in  individuals  accustomed  to  its  use.  The  benzol-ring  is  very 
resistant,  most  of  the  changes  occurring  in  the  side-chains.  The  liver 
is  very  active  in  disintoxication,  partly  by  destroying,  but  particularly 
by  storing  poisons,  so  that  the  same  dose  is  much  less  effective  (per- 
haps one-half)  when  given  by  the  mesenteric,  than  by  the  jugular  vein. 
This  has  been  demonstrated '  for  curare,  stnchnin,  morphin,  cocain, 
veratrin,  quinin,  atropin,  and  the  metals.  (Mercury  is  stored  mainly 
as  a  rather  loose  globulin  compound,  arsenic  as  a  stable  nuclein 
combination,  De  Vamossy,  1005.)  Splenectomy  increases  the  toxic 
action  of  a  number  of  alkaloids,  but  not  of  all.  The  spleen 
also  participates  in  the  deposition  of  metals;  the  bones  retain  fluorin 
and  barium;  the  central  nervous  system  strychnin,  lead,  and  arsenic; 
etc.  The  phagocytes  also  accumulate  poisons,  dissolved  as  well  as 
solids.  Carbolic  acid  and  other  aromatic  compounds  are  rendered  less 
toxic  by  combining  with  sulphates ;  many  metals  by  the  proteids ; 
toxins  by  antitoxins ;  acids  by  alkalies ;  camphor,  chloral,  and 
ethereal  oils  by  glycuronic  acid;  cyanids  by  sulphur;  benzoic  and 
salicylic  acid  by  glycocoll ;  etc.  The  extent  of  the  disintoxication  will 
depend  upon  the  activity  of  the  metabolic  process  which  are  con- 
cerned, or  on   the  amount  of  neutralizing  substance  present  in  the 

Idlosyncruy.— This  term  (from  Omj,  one's  own,  and  »*nip«iit. 
a  blending)  is  applied  to  peculiar,  exceptional  reactions  to  the  effects 
of  drugs.  The  differences  are  generally  quantitative,  and  may  con- 
cern the  main  action,  or  the  side  actions.  They  may  be  inherent  in 
the  remedy,  or  may  be  due  to  extraneous  causes,  or  they  may  be  re- 
ferred to  the  craistitution  of  the  patient.  In  the  latter  case,  they 
may  be  due  to  anatomic  or  to  functional  peculiarities.  They  may  be  con- 
genital or  acquired,  temporary  or  permanent.  (Many  apparent  in- 
stances of  idiosyncrasy  are  doubtless  due  to  differences  in  the  strength 
or  constituents  of  drugs.) 

Idhxyncraty  In  An inwis.— Racial  idiosyncrasy  was  already  dis- 
cussed on  page  125:  but  in  animals,  as  well  as  in  man,  peculiarities 
exist  in  different  individuals  of  the  same  species.  Qualitative  differ- 
ences are  seen  particularly  in  the  action  of  Cannabis  on  dogs  (Exer- 

Instances  of  quantitafhre  differences  are  very  numerous : 
In  a  large  series  of  experiments  with  toxic  doses  of  drugs  on 
animals  the  author  has  found  that  there  is  a  fair  decree  of  uniformity 
in  the  pro|>ortion  of  animals  which  died  with  a  given  dose.  Thus, 
certain  limits  can  be  found  inside  of  which,  out  of  five  animals  three 
will  always  die.  These  limits  vary  from  05%  (strychnin)  to  2S% 
(ergot),  but  are  usually  comprised  within  from  5%  to  10%. 

On  the  other  hand,  the  susceptibility  of  any  one  animal  is  subject 
to  greater  possible  variations;  e.  g.,  with  a  given  preparation  of  digi- 
talis, 0.6  mg.  per  gram  will  always  kill  three  guinea-pigs  out  of  five. 
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But  in  a  large  series  of  experiments,  a  number  of  animals  will  be 
found  which  will  die  of  doses  as  small  as  0.4  rag.,  while  others  will 
die  only  when  0.9  mg.  is  reached.  Whether  these  comparatively  im- 
mune animals  always  enjoy  this  immunity,  or  whether  the  condition 
is  only  temporary,  as  well  as  the  influence  of  age,  sex,  etc.,  has  not 
been  detennined. 

These  individual  diflferencea  are  still  more  striking  if,  instead  of  ob- 
serving the  toxic  doses, —  i.  e.,  the  sum  total  of  ine  effects, —  we  di- 
rect our  attention  upon  some  one  particular  action,  e.  g.,  the  amount 
of  slowing  of  the  heart  or  the  variation  of  blood  pressure.  The  differ- 
ences in  this  respect  are  so  great  qualitatively  that  it  is  undoubtedly 
unsafe  to  draw  conclusions  from  a  single  experiment,  and  it  is 
absolutely  impossible  in  these  cases  to  establish  any  quantitative 
standard. 

lacreaBed  Susceptibility. —  This  may  be  due  ([>  very  rapid  absora- 
tion,  or  slow  elimination ;  to  the  presence  or  synergistic  agents  in  the 
body;  or  to  increased  functional  susceptibility. 

CnmnlatiTe  Action. —  By  this  is  meant  an  acquired  sus- 
ceptibility by  which  a  given  dose  will  produce  greater 
effects  than  it  did  originally.  This  may  be  brought  about 
in  several  ways:  by  greater  capacity  for  absorption  than 
excretion  (lead)  ;  by  inconstant  absorption,  where  succes- 
sive doses  of  the  drug  may  lie  unabsorbed  in  the  alimentary 
canal,  to  be  finally  taken  into  the  system  in  loto  when  the 
conditions  are  favorable  to  absorption.  This  is  frequently 
the  cause  of  the  cumulative  action  of  digitalis,  and  it  ex- 
plains the  fact  that  the  greatest  individual  variability  to 
toxic  doses  exists  precisely  for  those  drugs  which  are  ab- 
sorbed with  the  greatest  difficulty. 

Cumulative  action  may  also  arise  through  sutnmuiHon  of 
effects.  The  effect  of  the  preceding  dose  may  not  have 
disappeared  when  the  succeeding  dose  is  given.  The  sys- 
tem appears  also  to  be  subject  to  what  might  be  called  an 
"  education  "  to  the  effects  of  the  drug.  This  is  seen  par- 
ticularly in  drugs  acting  upon  the  centra!  nervous  system. 
It  is  found,  e.  g.,  that  the  susceptibility  to  strychnin  in- 
creases with  its  administration,  and  it  would  seem  that  this 
is  caused  by  the  central  nervous  system  becoming  educated 
to  the  stimulating  actions  and  responding  to  them  more 
readily. 

Another  cause  of  cumulative  action  is  the  lowering  of  the 
resisting  power  produced  by  the  preceding  doses,  or  by 
using  up  the  products  required  for  the  neutralization  of  the 
poison. 

Tolerance. —  This  may  be  due  to  non-absorption,  to  rapid  elimina- 
tion, to  the  neutralization  or  destruction  of  the  poison,  or  to  anatomic 
peculiarities.    Many  cases   cannot   be   explained   in  this  manner,  and 
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must  be  assumed  to  be  functional  (the  "  histogenetic"  immunity  of 
Behring).  To  this  class  belongs  the  tolerance  of  the  hedgehog  to 
many  poisons;  of  the  toad  to  digitalis;  of  the  chicken  to  canthandin. 

The  tolerance  is  rarely  absolute,  so  that  it  is  scarcely  correct  to 
speak  of  "  immunity." 

HaMtnation. —  Tolerance  may  be  congenital,  or  it  may  be  devel- 
oped by  the  repeated  administration  of  the  poison.  This  habituatioa 
may  be  functional  (alcohol,  caffein,  nicotin?) ;  or  it  may  be  due  to 
increased  destruction  of  the  poison  (morphin)  ;  or  to  the  production 
of  antibodies   (toxins). 

It  is  an  interesting  fact  that  functional  habituation,  when  acquired 
for  a  particular  drug,  may  hold  also  (or  other  drugs  having  a  similar 
action.  A  habitual  drunkard,  e.  g.,  is  resistant  to  the  general  anesthet- 
ics. Whether  this  extended  immunity  also  holds  true  of  other  allied 
drugs,    such    as   morphin   and   cannahJs    indica,   has   not  been   delcr- 

Impuritles  in  Druxa.— Qualitative  abnormalities  in  the  effects  of 
drugs  are  usually  due  to  the  exaggeration  of  a  side-aclion;  but  in  some 
cases  they  may  be  referred  to  the  presence  of  impurities.  It  is  rather 
doubtful,  however,  whether  these  impurities  have  the  importance  which 
is  often  assigned  to  them.  Whilst  it  is  undoubtedly  desirable  that 
drugs  should  he  as  pure  as  it  is  practical  to  make  them,  minimal 
amounts  of  foreign  substances  cannot  be  said  to  be  very  objection- 
able, unless  they  are  particularly  poisonous.  The  pharmacopceias  have 
taken  a  wise  stand  in  this  matter  by  permitting  the  presence  of  small 
amounts  of  such  impurities  which  it  would  be  very  difficult  and  costly 


Hetiiodi  of  Adminutering  Drags, —  The  channel  by  which 
a  drug  is  introduced  into  the  body,  or  the  place  to  which 
it  is  applied,  must  vary  with  the  object  to  be  secured  — 
whether  the  action  is  to  be  local  or  systemic;  the  desired 
rapidity  of  absorption ;  the  necessity  of  avoiding,  irritation 
of  certain  organs,  etc. 

Local  Administration. —  Drugs  may  be  used  locally  either 
to  protect  a  surface,  or  for  reflex  effect,  or  as  antiseptics, 
or  as  stimulants.  They  may  be  applied  to  the  skin  in  vari- 
ous vehicles :  If  it  is  desired  to  secure  the  absorption  of  the 
remedy  or  its  deep  penetration,  vegetable  or  animal  oil  must 
be  used,  preferably  adeps  lanse  hydrosus  (lanolin).  Oleic 
acid  presents  the  advantage  that  it  holds  certain  substances 
in  true  solution  (metallic  oxids  and  alkaloids).  Where  the 
local  effect  alone  is  required,  the  mineral  fats  (petrolatum 
or  vaselin)  may  be  employed.  The  remedy  may  also  be 
placed  in  aqueous  solutions  (washes),  especially  if  intended 
for  an  antiseptic ;  or  it  can  be  used  in  powder  form.  Caus- 
tics may  be  used  either  as  solids  or  liquids.  Counter-irri- 
tants are  used  as  liniments,  i.  e.,  dissolved  in  oil,  turpentine, 
or  alcohol. 
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Local  medication  may  be  used  also  on  other  surfaces 
than  the  skin,  if  they  are  accessible;  e.  g.,  mucous  mem- 
branes. They  are  usually  applied  as  aqueous  solutions 
(injections,  washes,  and  gargles). 

Local  application  to  the  skin  can  be  used  for  producing 
genera!  effects,  but  it  is  only  employed  in  those  cases  (mer- 
cury) where  the  stomach  has  to  be  avoided  and  sub- 
cutaneous administration  is  not  possible.  The  principal 
objection  to  the  administration  of  drugs  by  the  surface  of 
the  skin  consists  in  the  uncertain  absorption,  an  exact 
dosage  being  in  consequence  impossible. 

Watery  solutiotis  are  not  absorbed  from  the  skin,  unless  the  drug 
is  volatile  or  caustic.  Tlie  reason  for  this  non-absorption  lies  in  the 
fact  that  the  stratum  corneum  of  the  epidermis  is  absolutely  non- 
permeable  to  solutions.  Absorption  must  take  place  through  the 
glandular  structures  of  the  skin,  and  these  are  filled  with  fatty  matter, 
which  prevents  the  penetraticui  of  watery  solutions,  but  not,  of  course, 
of  other  fats. 

It  must  be  borne  in  mind  that  the  application  of  solutions 
to  open  wounds  or  abraded  surfaces  is  practically  the  same 
as  subcutaneous  injection,  and  absorption  occurs  in  this 
case  very  readily. 

Oral  Administration. —  This,  the  most  ancient  method, 
is  still  the  standard  one.  Its  advantage  lies  in  its  great 
convenience  and  in  the  absence  of  local  irritation.  Never- 
theless, certain  drugs  do  give  rise  to  disturbances  of  diges- 
tion. 

This  can  be  avoided  by  giving  them  in  such  a  form  that  they  will 
not  be  dissolved  in  the  stomach  (pills),  or  by  giving  them  at  a  time 
when  the  stomach  is  filled  with  food.  Absorption  is,  of  course,  de- 
layed in  these  cases. 

The  relative  role  of  the  stomach  and  intestine  in  absorption  varies 
for  different  drugs  and  animals.  Strychnin,  e,  g.,  is  absorbed  from 
the  stomach  with  dogs  and  cats,  but  not  with  rabbits  and  guinea  pigs ; 
whereas  sodium  salicylate  and  iodid  give  just  the  opposite  result. 
inoje  and  Kashiwado  (1905)  have  shown  that  atropin  and  rhubarb 
are  not  absorbed  from  the  dog's  stomach,  whilst  salol  is  absorbed. 
The  data  as  to  man  are  insufficient. 

Rectal  Administration. —  The  stomach  and  small  intestine 
may  be  avoided  by  giving  the  drugs  per  rectum,  either  in 
the  form  of  enema  or  suppositories. 

Enemata,  when  introduced  for  the  absorption  of  the  medicine. 
should  be  as  small  as  possible,  but  not  so  strong  as  to  produce  local 
irritant  effects.  One  or  two  ounces  is  usually  the  proper  quantity. 
The  dose  per  rectum  is  generally  double  that  by  the  stomach.  When 
enemata  are  employed  for  their  mechanical  effects,  the  amount  must,  of 
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course,  be  much  greater  — one  or  two  pints.    These  should  be  raised 
to  the  body -temperature. 

The  rectal  dose  may  approach  very  closely  to  the  subcutaneous, 
especially  with  very  active  poisons. 

Subcutaneous  or  Hypodermic  Administration. —  This 
method,  which  was  introduced  by  A.  W.  Wood  in  1855,  has 
the  advantage  of  being  quicker  and  more  certain  in  its  ef- 
fects, and  the  dosage  is  more  exact  than  can  be  secured  by 
any  other  method.  The  principal  objection  to  it  lies  in  the 
fact  that  while  it  is  not  very  painful  with  some  medicines,  it 
is  very  much  so  with  any  irritating  substance.  There  is  also 
a  tendency  to  abscess  formation.  This  is  frequently  due 
to  deficient  asepsis,  but  certain  substances  (protoplasmic 
poisons)  produce  abscess  formation  even  with  the  most 
rigorous  asepsis.  The  hypodermic  dose  is  about  one-half 
of  the  oral  dose. 

Hypodermic  injections  are  usually  made  under  the  skin  of  the  fore- 
arii).  For  very  bulky  injections,  e.  g.,  for  antitoxin  or  for  saline  solu- 
tion, the  loose  areolar  tissue  of  the  subscapular  or  mammary  region 
is  chosen. 

It  may  be  recalled  that  the  rapidity  of  absorption  from  hypodermk 
injections  may  be  hastened  by  massage,  by  distributing  the  injection 
over  several  places,  and  by  dissolving  the  drug  in  a  small  amount  of 
fluid.  The  concentration  in  salts  should  not  exceed  that  of  the  blood, 
or  the  injection  will  be  painful.  Normal  saline  solution  is  the  least 
irritant  solvent  for  alkaloids.  Subcutaneous  injection  is  naturally  in- 
admissible if  101:0/  effects  in  other  parts  of  the  body  are  desired  {e.g., 
for  stomachics,  cathartics,  locally  acting  emetics,  etc.). 

Intramuscular  injections  are  made  by  thrusting  the  needle  through 
the  skin  deep  into  the  substance  of  the  gluteal  muscles.  The  absorp- 
tion is  more  rapid  than  with  subcutaneous  administration  (Meltzer 
and  Auer,  1904),  and  the  irritation  and  tendency  to  abscess  formation 
are  less. 

Intraperitoneal  and  intrapleural  injections  are  used  in  experimental 
tcchnic,  and.  resemble  subcutaneous  injections,  the  drug  being  ab- 
sorbed more  rapidly.  Intraperitoneal  injections  in  man  have  been  made 
by  Schmidt  and  Meyer  (1905),  but  are  not  recommended. 

Injections  into  the  trachea  are  very  rapidly  absorbed  throu^  the 
alveolar  capillaries,  and  act  more  like  intravenous  injections.  They 
also  cause  asphyxia,  and  are  not  used  intentionally.  Tracheal  sprays 
are  used  for  local  effects. 

Intraarachaoid  injections  are  used  if  the  drug  is  to  act  directly  on 
the  spinal  cord.  The  technic  is  that  of  lumbar  puncture,  some 
cerebro-spinal  fluid  being  withdrawn  before  the  injection  is  made. 
The  procedure  is  dangerous,  since  the  poison  may  be  conveyed  directly 
to  the  medulla. 

Intracerebral  injectiotu  (i,  e.,  into  the  substance  of  the  brain)  have 
been  used  experimentally.  The  injections  are  at  once  conveyed  to 
the  ventricles  and  produce  local  and  mechanical  effects  very  different 
from  the  systemic  action  of  the  drug. 

Intravenous  _  A4miniitraticm. —  This  is  very  often  used  in  pharma- 
cologic   experiments.    Ginically,    it   has   beeti    tried    in    recent   years, 
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but  has  not  come  into  general  use.  While  it  is  the  quickest  way  of 
securing  the  action  of  the  substance,  the  slight  operation  required  is 
some  objection.  There  is  also  considerable  danger  connected  with  it 
Air  may  be  introduced  into  the  vein,  and  while  the  presence  of  a 
small  bubble  of  air  in  the  circulation  of  a  man  is  not  aa  dangerous 
as  in  that  of  a  rabbit,  it  may  lead  to  very  serious  results.  Another 
factor  which  we  have  already  mentioned  is  that  the  action  of  drugs 
injected  intravenously  may  be  quite  different  than  when  taken  by 
other  channels.  They  act  upon  the  heart  more  directly  and  with  less 
dilution.  Many  substances  also  have  the  property  of  clotting  the  blood, 
and  unless  the  administration  be  very  skilfully  done,  the  result  might 
be  disastrous. 

Inhalation. —  This  method  is  used  only  for  gaseous  medi- 
cines, such  as  anesthetics  or  oxygen. 

When  giving  drugs  by  inhalation,  it  must  be  borne  in  mind  that  the 
effect  does  not  depend  upon  the  quantity  given,  but  the  concentration 
of  the  gas  and  the  time  during  which  it  is  administered. 

Calaphoreiu. —  This  process  has  been  employed  in  dentistry  to  fa- 
cilitate the  penetration  of  cocain,  but  it  has  not  as  yet  found  very 
extensive  adoption  in  medicine  and  surgery.  It  is  a  process  by  which 
the  molecules  are  carried  from  the  +  to  the  —  pole.  The  solution 
lo  be  introduced  must  possess  a  higher  conductivity  than  the  liquid  of 
the  tissues. 

HISTORICAL  DEVELOPMENT  OF  THERAPEUTICS. 

If  we  cast  a  glance  at  the  history  of  therapeutics,  we  are 
met  with  some  very  singular  facts.  Some  of  these  will 
serve  to  explain  errors  which  have  long  adhered  and  which 
still  adhere  to  the  subject. 

We  may  imagine  one  of  oiu-  remotest  ancestors  brought 
face  to  face  with  disease.  How  mysterious  must  have 
seemed  to  him  the  phenomenon  that  to-day 'he  is  strong, 
active,  and  full  of  life,  and  to-morrow,  without  any  cause 
apparent  to  him,  he  is  weak,  listless,  and  about  to  die! 
What  strong  hold  it  must  have  taken  upon  his  untutored 
imagination !  How  earnestly  he  must  have  sought  for 
means  to  remedy  it !  Here  he  happened  at  once  upon  two 
apparently  very  different  methods :  a  spiritual  and  a  mate- 
rial. On  the  one  hand,  overpowered  by  the  mysteriousness 
of  the  process,  he  lost  himself  in  superstition.  He  deemed 
the  disease  due  to  malevolent  spirits  which  could  be  ap- 
peased by  prayers  and  incantations.  This  formed  the  prin- 
cipal materia  medica  of  prehistoric  ages,  as  it  does  of  the 
modem  savage. 

On  the  other  hand,  chance  and  the  observation  of  animals 
revealed  to  him  that  certain  material  products  were  also 
efficient.     As  long  as  he  limited  himself  to  actual  observa- 
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tion,  the  results  were  usually  good.  However,  he  soon 
began  to  search  for  more  of  these  remedial  agents.  In  this 
search  we  must  remember  the  total  ignorance  which  then 
existed  regarding  the  nature  of  the  action  —  both  of  the 
disease  and  remedy.  In  this  darkness  he  was  only  too  glad 
to  be  guided  by  any  ray  of  light,  without  having  the  means 
to  examine  whether  the  light  came  from  a  beacon  or  was 
only  an  ignis  fatuus.  With  the  fantastic,  half  logical  in- 
congruity so  characteristic  of  the  untutored  mind  he  as- 
sumed the  most  extraordinary  relations. 

It  is  interesting  to  observe  a  little  closer  the  principles 
which  guided  the  blind  savage  in  his  search  for  remedies. 
Having  found  that  most  active  medicines  had  a  bitter  or 
disagreeable  taste,  he  came  to  regard  any  such  substance  as 
beneficial.  Thus  arose  a  host  of  simples  which  are  now 
stowed  away  to  molder  in  the  attic  of  science,  and  which 
might  well  be  disregarded  were  it  not  that  some  zealot  occa- 
sionally disturbs  their  well-earned  repose  and  attempts  to 
launch  them  as  something  new. 

Nor  did  this  love  of  the  disgusting  die  out  with  the  stone 
age.  It  was  prolonged  far  into  the  middle  ages.  To  it  we 
can  probably  trace  the  employment  of  feces  and  urine,  of 
smoked  snake,  and  of  others  still  worse. 

At  a  later  period  of  the  middle  ages  it  was  tried  to  com- 
bine the  spiritual  and  the  material  treatment.  It  was 
thought  that  the  Deity  alone  could  cure  disease,  but  that 
He  had  given  man  material  remedies,  and  in  His  wisdom 
He  had  put  a  seal  upon  them  by  which  man  might  know 
them.  Thus  arose  in  due  time  what  is  called  the  doctrine 
of  "  signatures."  According  to  this,  the  use  of  a  remedy 
was  suggested  by  a  fanciful  resemblance  in  shape  or  color 
to  some  organ;  c.  g.,  the  liverwort,  the  lung\vort,  blood- 
root,  etc.  These  are  survivals  of  this  custom.  Even  a 
name  was  sufficient.  Silver  was  used  in  lunacy  because  it 
was  dedicated  to  Luna.' 

On  the  other  hand,  alchemists  had  arisen  with  their  per- 
tinacious search  for  the  philosopher's  stone,  which  was  to 
convert  all  metals  into  gold,  and  cure  all  diseases.  In  this 
search  they  gave  their  nostra  extensive  trial  on  sick  and 
well.     Antimony  is  related  to  have  been  so  named  by  its 

» It  would  appor  thai  the  native  Cbineae  malerii  medic*  i(  l»rgs1y  based 
on   the-  dolrine  of  ■ignalurei. 
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discoverer  because  of  its  fatal  effects  upon  his  fellow-monks. 

The  school  of  spagirists  was  founded  by  Basilius  Valen- 
tinus  toward  the  end  of  the  fourteenth  century  and  reached 
its  zenith  of  power  with  Paracelsus,  They  insisted  upon 
the  mystical  virtues  of  Sb,  As,  and  Ag,  and  chemicals  in 
general,  and  stood  opposed  to  the  old  Galenists,  who  used 
only  organic  drugs.  Notwithstanding  their  mysticism, 
which  flavors  of  quackery,  we  must  thank  them  for  the  dis- 
covery of  some  of  our  most  valuable  medicines. 

Thus,  a  mass  of  materials,  rubbish  and  otherwise,  was 
added  to  the  various  simples,  etc.  Having  so  well-stocked 
an  armory,  the  physician  of  that  day  felt  that  he  was  not 
doing  his  duty  unless  he  gave  his  patient  the  benefit  of  it  all, 
and  the  "  shot-gun  "  prescription  flourished  at  its  best. 

A  natural  reaction  against  this  set  in,  and  had  for  one  of 
its  first  results  the  establishment  of  homeopathy  by  Hahne- 
mann, near  the  end  of  the  eighteenth  century.  The  Hahne- 
mann system  was  by  no  means  new.  For  the  most  part  it 
had  its  roots  much  further  back.  It  was  the  natural  result 
of  the  then  existing  theory  of  "  vitaHsm." 

Hahnemann  believed  that  disease  depends  upon  a  per- 
version of  the  purely  spiritual  vital  powers  and  is  entirely 
immaterial  in  its  nature.  Logically,  a  thing  spiritual  could 
not  be  combated  by  material  remedies,  and,  hence,  Hahne- 
mann turned  to  a  spiritual  power  which  he  believed  to  be 
bound  up  in  plants  and  liberated  by  dilution.  This  liber- 
ation of  the  principles  exactly  turned  their  action  around,  so 
that  the  action  of  his  dilutions  was,  he  stated,  exactly  the 
opposite  of  that  of  the  concentrated  drug,  and  could  be  used 
for  the  relief  of  such  symptoms  as  the  latter  produced : 
Similia  sitmlibiis  curantur.  This  was  the  first  tenet  of 
Hahnemann.  The  second  was  that  the  nature  of  the  disease 
being  unseizable,  it  was  not  subject  to  treatment,  but  that 
only  its  symptoms  can  be  treated.  Hence,  homeopathy,  in 
so  far  as  it  follows  the  principles  of  its  founder,  has  no  place 
for  the  medical  sciences,  such  as  physiology,  anatomy,  path- 
ology, or  chemistry.  Any  one  with  an  indexed  book  of 
symptoms  and  their  remedies  would  be  able  to  practice  it 
without  an  elaborate  study  or  preparation. 

In  marked  contrast  to  the  above  is  the  third  dictum:  that 
the  medicinal  treatment  must  be  supported  by  dietetic  and 
hygienic  measures. 
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The  claims  of  homeopathy  as  a  rational  system  hinge  on  the  proof 
of  the  simiiia  similibus  theory.  Most  of  its  advocates  seem  to  deny 
altogether  the  relevance  of  scientific  testimony,  and  to  base  themselves 
purely  on  the  slippery  ground  of  empirical  experience.  Others,  how' 
ever,  whilst  they  carefully  neglect  the  great  body  of  scientific  ex- 
perience which  disproves  their  theory,  seem  very  glad  to  avail  them- 
selves of  the  few  experimental  facts;  which,  through  a  variety  of 
logical  contortions  and  sophistications,  can  be  twisted  into  a  specious 
support.  Hahnemann  himself  seems  to  have  started  from  the  oh- 
servation  that  large  doses  of  drugs  produce  the  opposite  effects  from 
moderate  doses.  The  correctness  of  this  principle  may  be  granted,  for 
most  cases.  But  it  is  a  very  unwarranted  feat  of  logic  to  assume 
that  infinitesimal  doses  must  again  cause  effects  opposite  to  those  of 
moderate  doses  I 

The  more  recent  discovery  of  the  effect  of  dilution  on  electroljtic 
dissociation,  on  ionization,  has  also  been  seized  upon  as  illustrating 
homeopathy  —  quite  disregarding  the  fact  that  the  action  depends  on 
the  number  of  ions  rather  than  on  the  degree  of  ionization ;  and  the 
further  fact,  that  the  majority  of  the  substances  employed  Jn  homeop- 
athy are  not  electrolytes  at  all!    These  few  examples  may  suCBce. 

Hahnemann's  system  was  the  natural  outgrowth  of  his 
time.  At  present  it  is  an  anachronism,  as  his  pupils  are  the 
first  to  acknowledge  in  practice,  if  not  in  words.  But  in  his 
time  Hahnemann  accompHshed  considerable  for  medical 
science.  .  He  called  attention  to  the  importance  of  diet,  etc., 
when  this  was  only  too  much  neglected;  but  perhaps  the 
principal  use  of  homeopathy  has  been  to  show  to  rational 
medicine  the  fact  that  disease  tends  to  recovery  without  any 
medical  interference. 

This  was,  indeed,  the  next  step  which  medicine  took  — 
total  emancipation  from  all  drugs.  This  dates  from  the 
establishment  of  the  Vienna  school  by  van  Swieten,  in  1745. 
The  strongest  advocate  of  nihilism  was  Skoda  ( 1805- 
1881),  the  founder  of  the  methods  of  percussion  and  aus- 
cultation. Such  nihilism  was  absolutely  necessary  at  that 
time,  just  as  periods  of  skepticism  are  necessary  in  phil-  ■ 
osophy,  and  mark  steps  in  progress.  The  accumulated  re- 
fuse was  so  great  as  to  bury  the  good.  The  only  way  was 
to  empty  out  the  whole  and  begin  anew.  This  was  a  neces- 
sity then,  but  now  nihilism  is  as  obsolete  as  the  gun-shot 
prescription.  He  who  proclaims  it,  simply  proclaims  his 
own  ignorance  and  want  of  critical  faculty. 

The  reestablishment  of  therapeutics,  founded  now  upon 
reason,  was  thus  aided  by  the  very  man  who  had  attempted 
to  destroy  it.  For  he  established  physical  methods  of  diag- 
nosis, and  demonstrated  the  effects  of  disease  as  they  had 
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never  been  demonstrated  before,  making  it  possible  also  to 
demonstrate  the  effect  of  remedies. 

Then  followed  the  isolation  of  active  principles  (led  by 
the  discovery  of  morphin  in  1817),  thus  substituting  the 
definite  for  the  indefinite  drugs.  Finally  followed  animal 
experimentation,  by  means  of  which  modern  pharmacology 
has  developed. 

Rational  therapeutics  is  now  on  a  firm  basis.  But,  at  the 
same  time,  the  mystic  has  also  been  further  developed,  not 
only  in  homeopathy,  but  also  in  the  many  forms  of  sugges- 
tion. The  value  of  suggestive  therapeutics  proper  cannot 
be  denied.  It  is  a  strictly  scientific  method  of  treatment, 
and  is  employed  in  its  milder  forms  by  every  physician  as 
"  the  personal  influence  "  and  the  "  faith  in  doctor  and  medi- 
cine." It  often  constitutes  all  there  is  of  merit  in  those 
medical  fads  which  have  accompanied  medical  science  since 
the  oldest  time. 

One  of  the  most  important  preliminaries  to  the  rational' 
treatment  of  disease  is  that  the  physician  should  understand 
that  he  cannot  make  a  patient  well.  That  is  exclusively 
nature's  task.  "  Nature  "  inevitably  tends  to  bring  the  or- 
ganism back  to  its  normal  condition,  and  the  task  of  the 
physician  consists  in  directing  his  treatment  in  such  a  man- 
ner as  to  remove  obstacles  from  nature's  path.  Just  as  the 
surgeon  cannot  cause  the  union  of  a  broken  bone,  but  can 
only  put  it  in  the  most  favorable  condition  for  nature,  to 
perform  this  union, —  t.  e.,  set  it, —  so  the  physician  cannot 
cure  heart  disease.  He  may  either  remove  the  condition 
■which  causes  it,  if  still  present,  or  remove  by  digitalis,  etc.. 
the  factors  which  retard  the  cure;  but  in  any  case  he  must 
rely  upon  nature  to  perform  the  last,  the  really  important 
act :  viz.,  the  permanent  return  to  normal. 

That  nature  not  only  puts  the  final  touch  upon  every 
reparative  process,  but  that  she  may  take  every  step  as 
■well, — )'.  e.,  that  a  patient  may  get  well  without  any  med- 
ical interference, —  is  too  well  known  to  require  further  dis- 
cussion. The  ways  in  which  these  processes  of  repair  take 
place  constitute  one  of  the  departments  of  pathology  and 
medicine 

In  the  light  of  the  above,  it  might  well  be  asked :  If  na- 
ture is  thus  able  to  effect  cures;  if  by  far  the  greater  num- 
ber of  diseases  tend  to  spontaneous  recovery,  what  is  the 
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function  of  the  physician  ?  Can  he  do  anything  but  harm 
if  he  attempts  to  meddle  with  the  great  processes  of  nature? 
If  he  undertakes  to  aid,  does  he  not  really  meddle?  We 
must,  in  examining  this  question,  lay  the  emphasis  in  the 
above  sentence  on  "  nature  temis  to  effect  a  spontaneous 
cure."  But  nature  is  essentially  blind  in  her  workings. 
She  works  by  general  laws,  which  often  do  not  take  account 
of  individual  cases.  Though  we  must  recognize  her  proc- 
esses as  almost  always  the  best  under  the  given  conditions, 
they  may  be  greatly  at  fault  quantitatively.  Nature  may 
do  too  much  or  too  little.  It  is  now  conceded  that  fever, 
pain,  inflammation,  etc.,  are  protective  mechanisms;  but 
when  the  fever  becomes  so  high  as  to  be  in  itself  dangerous 
to  life,  when  the  pain  is  intolerable  and  constant,  and  persists 
after  it  is  no  longer  needed ;  when  inflammation  spreads ; 
then  it  is  evident  that  the  originally  salutary  process  is  be- 
coming the  reverse.  That  the  processes  of  nature  are  often 
insufficient  is  evident  from  the  fact  that  it  does  not  in  all 
cases  effect  a  cure.  Nature  may  sometimes  be  absolutely 
wrong;  e.  g.,  in  the  desire  for  solid  food  in  typhoid. 

It  is,  then,  the  duty  of  the  physician  to  judiciously  modify 
the  natural  tendency,  if  he  possesses  the  means  of  doing  so. 
But  he  must  do  so  wisely,  or  it  were  better  not  at  all.  He 
must  understand  the  diseased  condition ;  he  must  under- 
stand nature's  way  of  meeting  the  difficulty;  he  must  judge 
in  what  ways  nature  may  be  supported;  and,  finally,  he 
must  thoroughly  understand  the  means  at  his  command  for 
the  purpose  — »".  e.,  pharmacology.  As  long  as  he  is  not 
clear  in  regard  to  these  factors,  he  is  merely  groping  in  the 
dark,  as  likely  at  least  to  do  harm  as  good.  In  this  case 
expectant  treatment  is  alone  justifiable. 

We  see  how  from  the  above  we  can  deduce  a  number  of 
methods  of  treatment. 

/.  Expectant  Treatment:  i.  e.,  the  absence  of  any  real 
attempt  at  treatment  beyond  hygiene,  rest,  diet,  and  other 
similar  general  measures;  with  the  object  of  leaving  the 
powers  of  nature  free  play.  This  should  be  employed  in 
all  cases  where  no  better  treatment  is  known;  but.  as  has 
been  said,  it  is  usually  within  the  province  and  power  of  the 
physician  to  support  nature  in  her  endeavor. 

The  expectant  treatment  must  also  be  used  when  it  is 
desired  to  let  the  disease  progress  to  a  certain  point,  if  this 
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is  necessary  for  diagnosis.  Thus,  general  treatment  for  pri- 
mary syphilis  is  usually  expectant,  since  no  great  benefit 
would  result  from  immediate  specific  treatment,  whereas  the 
diagnosis  would  be  greatly  obscured  thereby. 

//.  Symptomatic  Treatment. —  This  is  aimed  at  the  symp- 
toms of  the  disease  without  reference  to  their  cause.  This 
may  be  objectionable  in  some  cases,  indicated  in  others.  In 
striking  the  symptoms  one  very  often  also  strikes  the  dis- 
ease. Again,  the  symptoms  in  theijiselves  may  be  so  objec- 
tionable or  lead  to  such  secondary  results  as  to  make  their 
removal  desirable.  Pain,  cough,  and  fever  are  all  purely 
symptoms,  and  yet  no  one  would  refuse  to  treat  them  sim- 
ply because  unable  to  remove  the  root  of  the  disorder.  On 
the  other  hand,  the  symptoms  may  be  very  deceptive  —  a 
chill  will  not  require  external  heat ;  a  referred  pain  will  not 
be  relieved  by  local  application  of  iodin  to  the  place  where 
it  is  felt. 

In  removing  the  symptoms  the  physician  also  deprives 
himself  of  the  only  index  to  the  treatment  of  the  underlying 
disorder.  He  must  constantly  be  on  his  guard  against  be- 
lieving himself  successful  when  he  has  succeeded  in  remov- 
ing one  or  several  of  the  symptoms  of  the  disease.  In  many 
cases  the  symptom  may  itself  be  salutary;  in  which  case  it 
would  not  do  to  remove  it  ( e.  g.,  cough  when  there  is  hyper- 
secretion of  mucous;  a  certain  amount  of  pain  when  rest 
is  indicated  in  fracture). 

It  need  scarcely  be  mentioned  that  it  is  not  ethical  to  per- 
suade a  patient  that  he  is  being  cured  when  he  is  in  fact 
only  being  relieved  of  the  symptoms. 

///.  Empirical  Treatment. — This  follows  merely  the  dic- 
tates of  experience  without  concerning  itself  about  the  rea- 
sons for  these.  While  in  the  present  state  of  our  science 
it  is  still  necessary  to  employ  it  only  too  often,  it  requires 
scarcely  a  thought  to  see  how  often  it  may  be  not  only  use- 
less, but  even  injurious.  Conditions  which  resemble  each 
other  very  closely  superficially  may  really  be  diametrically 
c^Jposite,  and  may  require  very  different  treatment. 

IV.  Rational  or  Scientific  Treatment. —  While  this  makes 
nsc  of  the  three  preceding  methods,  it  aims  essentially  to 
remove  the  cause  of  the  disorder  and  to  favorably  influence 
its  course.     It  presupposes  a  knowledge  of  both,  cause  and 
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course,  as  well  as  a  thorough  acquaintance  with  the  manner 
in  which  they  may  be  influenced  by  remedial  measures. 

While  it  relies,  on  the  one  hand,  on  the  science  of  path- 
ology, etc.,  for  the  revelation  of  the  nature  of  the  disease, 
it  requires  equally  accurate  knowledge  of  the  nature  of  the 
action  of  drugs:  viz.,  scientific  pharmacology. 

THE  RELATIVE  IMPORTANCE  OF  THE 

DIFFERENT  DRUGS. 

Therapeutics  is  not  yet  in  a  stable  condition :  its  theories  are  still 
in  a  state  of  development,  and  as  they  change,  the  use  of  the  difEerent 
drugs  undergoes  corresponding  changes.  It  is  therefore  necessary 
for  a  student  to  have  some  knowledge  of  all  the  drugs  which  may  tie 
used,  whether  they  are  at  present  popular,  or  not.  At  the  same  time, 
many  drugs  have  almost  identical  actions,  and  for  the  sake  of  sim- 
plicity, a  considerable  fiart  of  our  materia  medica  could  well  be  dis- 
pensed with.  The  beginner  is  often  at  a  loss  to  make  a  proper 
selection  of  the  most  important  drugs,  to  which  his  attentitui  should 
be  mainly  directed.  The  following  hst  —  which  is  arranged  in  the 
same  order  in  which  the  drugs  are  treated  in  this  book  —  aims  to 
enumerate   those   which   are   really   indispensable. 

List  of  most  important  drugs,  from  the  therapeutic  standpoint : 
Strychnin,  CafTein,  Morphin,  Heroin,  Cocain,  Atropin,  Pilocarpin, 
Physostigmin,  Thyroid,  Suprarenal,  Apimiorphin,  Aconite,  Quinin, 
Phenacetin  or  Acetanilid,  Salicylate,  Phenol,  Creosote,  Diphtheria  Anti- 
toxin, Alcohol,  Ether,  Chloral,  Sulfonal,  Amy!  Nitrite,  Trinitrin,  Digi- 
talis. Ergot,  Normal  Saline.  MgSO,,  KBr,  Kl.  NH.Q,  KC,H,0„  HQ. 
NaHCO^  As,0,,  FeSO.,  Fe.Cl..  Hg,a,.  HgO^  HgJ^  ZnO,  AgNO* 
Bismuth  subnitrate,  Hexamethylenamin,  Krameria,  Gentiana,  Asafetida, 
Mentha  piperita,  Rheum,  Podophyllin,  Aspidium,  Santonin,  Acacia, 
Oleum  Olivx,  Petrolatum,  Oleum  Morrhux,  Pepsinura. 


CHAPTER  VIII. 
CONVULSANT  SERIES. 

A  very  large  number  of  poisons  are  capable  of  producii^  convul- 
aions;  some  by  a  direct  excitation  of  the  nervous  centers;  others 
indirectly,  through  asphyxia,  etc.  In  the  present  chapter  only  those 
will  be  considered  in  which  the  convulsive  action  is  direct  and  im- 
portant. The  series  comprises  three  groups :  strychnin,  acting  mainly 
on  the  spinal  cord ;  picrotoxin,  with  its  main  action  on  the  medulla ; 
and  calTein,  which  affects  the  entire  central  nervous  system,  and  which 
has  other  actions  of  great  therapeutic  importance. 

(A)  STRYCHNIN  GROUP. 
BeriTfttioii, —  The    principal    members    of    this    group 
(strychnin,  brucin)  are  derived  from  plants  of  the  genus 
Strychnos,  especially  S.  Ignatii  and  S.  Nux  Vomica. 
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Alkaloids  with  a  strychnin-action  are  also  found  in  opium  (thebain) ; 
Kelsemium  (gelseniin) ;  and  physostignia  (calaberin).  ThcK  drugs 
however,  also  contain  other  alkaloids  whose  action  is  predominant; 
so  that  they  cannot  be  counted  in  the  strychnin  group.  The  action 
of  tetanus  toxin  resembles  that  of  strychnin  very  dosely. 

II.  SUMMARY  OF  ACTIONS. 

1.  Increased  reflex  irritability  of  the  central  nervous 
system,  from  below  upward.  The  most  prominent  symp- 
toms of  this  action  consist  in  convulsions.  These  are  ac- 
companied and  followed  by  central  paralysis. 

2.  "  Bitter  effect "  on  Uie  alimentary  canal. 

3.  With  direct  application,  a  curare  ad 
paralysis  of  the  superior  cervical  ganglio 
toxic  to  all  protoplasm. 

III.  DETAILS  OF  ACTION. 

(A)  Centetl  Vervou  System. —  1.  Spinal  Cord.—  The  prin- 
cipal symptom  of  strychnin-poisoning '  is  an  increased  re- 
flex irritability  of  the  spinal  cord,  shown  most  conspicuously 
by  the  production  of  tetanus.  The  animal,  frog  or  mam- 
mal, after  a  short  period  of  increased  reflex  excitability, 
is  thrown  into  violent  clonic  spasms.  ( Spasms  or  convul- 
aons  are  called  clonic  when  they  are  intermittent,  tonic 
when  persistent.)  There  are  sudden  and  violent  contrac- 
tions of  all  the  muscles  of  the  body,  persisting  for  a  few 
'seconds  or  minutes ;  then  there  is  complete  relaxation,  the 
animal  showing  all  the  signs  of  paralysis.  After  a  few 
minutes  the  convulsions  are  repeated,  to  be  again  replaced 
by  paralysis.  With  appropriate  doses  these  phenomena  may 
be  repeated  almost  indefinitely  (from  eighteen  to  forty 
hours)  with  frogs,  whereas  mammals  usually  die  after  the 
first  few  convulsions. 

With  smaller  doses,  the  paralysis  disappears  gradually. 
The  animals,  however,  niay  again  go  into  convulsions,  and 
die,  several  hours  after  apparently  complete  recovery. 
Frogs  may  show  a  spasmodic  condition  for  as  long  as  ten 
days. 

Location  of  the  Tetanus. —  A  tetanus  or  spasm  may  con- 
ceivably be  located  in  the  muscle,  nerve  endings,  spinal 
cord,  medulla,  brain,  or  sensory  endings. 
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The  experimental  diilinction  between  these  possible  actions  forms 
a  very  interesting  chapter  of  pharmacology,  and  illtastrales  very  well 
the  general  methods  of  pharmacologic  experimentation.  The  experi- 
ments can  be  carried  out  most  conveniently  on  frogs ; '  but  they  can 
also  be  demonstrated  on  mammals. 

Muscle  and  nerve  endings  may  be  excluded  by  section 
of  the  nerve-trunk.     This  stops  the  convulsions. 

If  the  spasms  in  these  structures  had  not  ceased  after  s 


Brain  and  Medulla. —  These  can  be  excluded  by  successive 
section  or  destruction.  If  division  below  the  brain  or  me- 
dulla stop  the  convulsion,  the  seat  must  be  in  one  of  the 
structures  above  the  divided  point. 

This  is  not  the  case  with  strychnin :  Section  of  the  me- 
dulla may  indeed  lessen  the  tetanus  for  a  short  time,  by 
shock,  but  it  soon  returns  to  its  former  intensity.  The 
brain  and  medulla  are  therefore  not  concerned  in  the  con- 
vulsions. This  leaves  only  the  cord,  and  the  sensory  end- 
ings. 

It  the  strychnin  is  injected  into  a  leg  which  has  been  ligated,  with 
the  exception  of  the  sciatic  nerve,  no  convulsions  occur.  In  this  ex- 
periment, the  strychnin  can  act  on  the  sensory  endings,  but  not  on 
the  cord,  so  that  the  absence  of  the  tetanus  shows  that  the  action  is 
not  OH  the  sensory  endings.  This  conclusion  is  confirmed  by  other 
experimental  methods.  The  posterior  root  ganglia  can  also  be  ex- 
cluded, for  if  all  the  posterior  roots  are  cut  central  to  the  ganglia, 
and  one  of  the  stumps  is  stimulated,  a  typical  tetanus  results.  The 
tetanizing  action  of  strychnin  must  therefore  be  situated  in  the  cord. 

It  still  remains  to  distinguish  between  the  motor  and  sensory  cells 
of  the  cord.  To  do  this,  Baglioni  (1900)  availed  himself  of  the  fact 
that  impulses  pass  from  the  sensory  cells  of  the  anterior  segments  of 
the  cord  to  the  motor  cells  of  the  posterior  segments;  and  vice  versa. 
By  destroying  the  circulation  and  applying  strychnin  locally  to  the 
exposed  cord,  it  is  therefore  possible  to  make  impulses  pass  either 
through  a  poisoned  sensory  cell  to  an  unpoisoned  motor  cell :  or 
through  unpoisoned  sensory  to  a  poisoned  motor  cell.  In  figure  45 
the  stryehnm  is  supposed  to  be  restricted  to  the  anterior  half  of  the 
cord.  The  path  goes  through  a  poisoned  sensory  to  an  un- 
poisoned motor  cell ;  the  path  —  —  —  ^  through  an  unpoisoned 
sensory  to  a  poisoned  motor  cell.  When  the  foreleg  is  stimulated  in 
this  frog,  the  hindleg  participates  in  the  convulsions.  When  the  hind- 
leg  is  stimulated,  there  is  no  convulsion.  In  other  words,  when  the 
impulse  passes  through  a  poisoned  sensory  cell,  convulsions  ensue, 
whether  the  motor  cell  is  poisoned  or  not;  when  the  sensory  cell  is 
■  Enctciw  ]B. 
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not  poisoned,  there  is  no  convulsion,  even  though  the  motor  cells  are 
exposed  to  the  poison.  This  justifies  the  conclusion  that  the  action 
of  strychnin  ti  on  the  sensory  cells,  not  on  the  motor  cells;  or  at  least, 
on  some  structure  between  the  entrance  of  the  sensory  nerve  into  the 
cord,  and  the  motor  cell.  The  effect  of  strychnin  on  the  medulla  and 
on  the  special  senses,  in  which  no  motor  elements  are  involved,  also 
favors  the  view  that  it  acts  selectively  on  the  sensory  elements. 

The  question  now  arises,  whether  the  strychnin  stimula- 
tion produces  convulsions  by  originating  new  impulses,  i,  e.. 
by  a  direct  excitation  of  the  centers;  or  whether  it  acts 
merely  by  intensifying  ordinary  impulses.  The  question 
must  be  answered  in  favor  of  the  latter  view :  the  action  of 
strychnin  consists  in  facilitating  the  passage  of  the  nervous 
impulse  through  the  sensory  palhs,^  so  that  very  slight  stim- 
ulation leads  to  exa^erated  motor  response. 


Fig.  45.— Diagram  ol   Baglioni'i   Experiment 

Strychnin  tetanus  must  be  conceived  as  caused  by  the 
extensive  spreading  of  reflexes  on  the  application  of  small 
stimuli  (a  spreading  which  is  not  normally  seen  except 
after  the  very  strongest  stimulation). 

The  reflex  character  of  the  strychnin  convulsions  is  shown  by  the 
fact  that  in  slight  degrees  of  strychnin- poisoning  the  convulsions  do 
not  occur  spontaneously,  but  only  upon  stimulation.  In  very  large 
doses  the  stimulation  required  may,  indeed,  be  so  small  as  not  to  be 
perceptible  and  the  tetanus  may  bear  an  automatic  character.  But 
that  reflexes  are  involved  here  is  shown  by  the  fact  that  the  convul- 
sions may  be  prevented  by  cutting  off  sensory  impressions  from  the 
'The  resislaoM  may  be  lowered    at   three   different, pointii   in  the   cells,   the 

peripheral    fibers,    and    that    the    action    is    therefore    limited    to    either    cells    or 
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cord ;  e.  g.,  by  placing  a  frog  in  a  weak  cocain  solution,  just  strong 
enough  to  paralyze  the  sensory  endings  without  producing  central 
paralysis;  or  by  dividing  all  the  posterior  roots. 

The  nature  of  the  stimulation  is  of  some  impoitance. 

The  convulsions  are  only  elicited  by  stimulation  of  certain  paths, 
t.  e.,  by  direct  stimulation  of  a  nerve,  and  by  the  special  senses  of 
sight,  hearing,  and  especially  touch,  the  latter  being  by  far  the  most 
active.  Direct  stimulation  of  an  exposed  muscle  or  of  the  intestine 
is  very  much  less  efficient  than  stimulation  of  the  skin.  No  matter 
how  slight  the  stimulation,  if  it  has  any  result  at'  all,  this  is  always 
maximal. 

The  effect  is  also  influenced  by  the  abruptness  of  the  stimulation,  a 
gradual  stimulus,  such  as  is  produced  by  chemic  irritation  (acids) 
being  less  effective. 

Whilst  the  experimental  proof  of  the  site  of  the  action  is 
essential  in  the  study  of  every  convulsant  poison,  a  fairly 
accurate  judgment  may  be  formed  by  observing  merely  the 
character  of  the  convulsions. 

If  the  action  is  on  the  muscle  subslance:  the  effect  may  consist  in 
an  increased  tonus  (veratrin)  or  in  fibrillary  twitchings  (pfaysostig- 
min) :  on  the  motor  endings:  fibrillary  twitchings  (aconitin);  on  the 
spinal  cord  (strychnin)  :  increased  reflexes ;  abrupt 
twitching  of  limbs ;  coordinated  clonic  spasms ;  opisthot 
body  arched  backward)  ;  adduction  of  hind-legs ;  on  me  me- 
dulla (Picrotoxin)  ;  the  convulsions  are  cyclic :  there  is  first 
a  period  of  quiet ;  then  sudden  convulsions,  the  animal  "  bucking " 
or  turning  somersaults;  abduction  of  hind-legs;  emprosthotonus  (body 
curved  forward);  reflexes  vary  with  stages  of  cycle;  pupils  dilated. 
On  the  fcrain.'  The  effects  are  as  with  the  medulla,  but  there  is  an 
entire  absence  of  reflexes,  and  no  somersaults.  On  the  motor  areas 
(Epilepsy)  :  The  convulsions  involve  first  isolated  muscles,  and  'then 
become  incoordinated.  On  the  sensory  endings  (irritants)  ;  Signs  of 
pain ;  the  movements  are  irregular  and  directed  to  the  removal  of  the 
irritant. 

The  location  of  the  tetanizing  action  of  strychnin  in  the 
spinal  cord  is  not  only  of  experimental  interest,  but  also  of 
practical  importance.  It  explains,  for- instance,  why  strych- 
nin convulsions  are  abolished  by  curare,  since  curare  blocks 
impulses  from  the  cord  to  the  muscles.  Also,  that  strych- 
nin has  a  stronger  action  on  a  paralyzed  limb  in  those  cases 
of  paralysis  in  which  the  lesion  is  above  the  cord,  for  cutting 
off  of  the  spinal  cord  from  the  brain  always  increases  its 
reflex  excitability. 

The  fact  that  strychnin  in  small  doses  increases  the  tone 
of  muscles  is  also  due  to  its  heightening  the  reflex  excita- 
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bility  of  the  spinal  cord.  Not  only  the  convulsive  centers, 
but  other  spinal  centers  are  put  in  a  condition  more  favora- 
ble to  reflexes.  It  is  in  this  way  that  strychnin  is  useful  in 
impotence  or  in  paralysis  of  the  bladder  or  other  sphincters, 
when  these  are  due  to  lowered  activity  of  their  respective 
spinal  centers. 

The  increased  activity  of  the  muscles  brings  about  several 
secondary  results :  (i)  Pain:  Strychnin  convulsions  are  ex- 
tremely painful,  just  as  any  other  form  of  muscle  cramp. 

Patients  and  animals  very  often  utter  a  sharp  cry  at  the  beginning 
of  a  convulsion.  This,  like  the  cry  of  epilepsy,  is  not  due  to  the  pain, 
but  lo  the  sudden  contraction  of  the  expiratory  muscles,  for  it  often 
precedes  the  convulsions. 

(2)  Increased  metabolism:  An  increased  consumption  of 
oxygen  and  increased  output  of  CO^.  and  an  increased  use 
of  glycogen,  (3)  Tendency  to  rise  of  blood  pressure.  (4) 
Tendency  to  quickening  of  the  pulse  (which  is  counteracted 
by  the  stimulation  of  the  vagus  center).  (5)  Tendency 
to  increase  of  temperature,  which  is  counteracted  by  the 
dilation  of  the  cutaneous  vessels. 

Effect  of  Convul«ants  on  Temperature.'^  All  convulsant  poisons 
(santonin,  picrotoxin,  strychnin}  produce  characteristic  changes  in  heat 
regulation.  Small  doses  cause  increased  heat  loss  and  a  slightly 
smaller  heat  production.  Larger  doses  cause  increased  metabolism, 
through  muscular  action,  and  hence  increased  heat  production,  which 
is  accompanied  by  a  further  increase  of  heat  loss.  Paralytic  doses 
diminish  the  heat  production  very  greatly.  The  Umpnature  is  accord- 
ingly variable:  Small  doses  tend  to  lower  it;  moderate  convulsive 
doses  would  increase  it;  paralytic  doses  lower  it  greatly.  The  heat 
loss  is  particularly  conspicuous  in  small  and  young  animals,  whilst 
laiger  animals   tend   to  show  a   rise  of  temperature,   with   moderate 

(6)  Asphyxia  by  tetanic  fixation  of  the  respiratory  mus- 
cles (later,  also  by  the  depression  of  the  respiratorj-  center). 
This  asphyxia  brings  with  it  a  venous  condition  of  the  blood 
and  venous  congestion  of  organs,  lividity  of  the  skin,  pro- 
trusion of  the  eyeballs,  dilated  pupils,  increase  of  the  con- 
vulsions, and  rise  of  blood  pressure.  These  stimulant  ef- 
fects are  soon  replaced  by  paralysis  of  the  same  functions, 
and  the  animal  dies  in  coma. 

Asphyxia  also  causes  glycosuria.  The  sugar  of  the  blood 
rises,  whilst  the  glycogen  of  the  liver  diminishes  or  disap- 
pears entirely. 
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Both  the  convulsant  and  the  paralytic  effects  of  asphyxia 
coincide  with  the  actions  of  strychnin.  Asphyxia  is  there- 
fore often  contributory  to  the  fatal  ending  of  strychnin  poi- 
soning, and  may  even  be  the  main  cause  of  death.  Life 
may  therefore  be  prolonged  or  saved  by  arliticial  respiration, 
especially  if  this  is  begun  before  the  natural  respiration  has 
entirely  ceased.     The  convulsions  are  also  lessened. 

The  effect  is  partly  due  lo  the  oxygenation  of  the  blood,  for  the  in- 
halation of  oxygen  is  similarly  beneficial.  The  rhythmic  movements 
of  artificial  respiration  are,  however,  also  important ;  for  it  has  been 
shown  that  artificial  respiration  prolongs  life  even  when  it  is  carried 
on  in  an  atmosphere  of  pure  hydrogen  (Meltzer  and  Gies.  1903).  It 
would  seem  that  these  movemenis  have  a  reflex  inhibitory  effect  on  the 
convulsive  centers.  The  view  that  the  oxygenation  of  the  blood  causes 
an  increased  deslruction  of  strychnin  lacks  sufficient  eKi)erimental  sup- 

The  convulsions  of  brucin,  thebain,  and  caffein  are  also  lessened  by 
artificial  respiration,  whilst  those  produced  by  picrotoxin  and  nicotin 
(which  do  not  require  reflex  stimulation)  are  not  affected. 

2.  Effect    of    Strychnin    on    the    Medullary    Centers. — 

Strychnin  causes  a  stimulation,  followed  by  depression,  of 
the  medullary  centers,  particularly  the  respiratory  and  vaso- 
motor center.  The  stimulation,  like  that  of  the  spinal  cord, 
is  produced  by  increased  reflex  excitability. 

Effect  on  the  Circulation. —  The  action  of  strychnin  on 
the  circulation  involves  a  number  of  factors:  The  direct 
action  of  strychnin  on  the  vasomotor  and  vagus  centers, 
and  the  indirect  effect  of  the  convulsions,  of  respiratory 
movements,  and  of  asphyxia.  There  is  also  a  direct  action 
on  the  cardiac  muscle. 

Small  (therapeutic)  doses  have  only  a  very  slight  effect 
on  the  circulation,  in  normal  animals. 

There  is  at  the  best  a  ri^e  of  blood-pressure  of  some  twenty  milli- 
meters of  mercury ;  the  pulse  may  be  somewhat  slowed.  This  effect 
is  due  to  a  sliRht  central  vasomotor  stimulation :  the  heart  muscle  is 
not  affected.  Often  there  is  absolutely  no  effect  Sphygmo-mano- 
tnelric  observations  on  the  normal  human  subject,  in  typhoid  fever. 
and  in  many  other  conditions,  have  also  been  negative,  for  the  most 
part  (Cabot.  IQ04). 

Amongst  clinicians,  however,  the  opinion  prevails  very  widely,  that 
strychnin  is  a  "cardiac  ilimuhnt."  This  clinical  term  does  not  neces- 
sarily imply  that  the  drug  stimulates  the  heart  directly;  but  merely 
that  it  improves  the  pulse.  (The  expression  is  used  so  loosely,  that 
the  student  is  advised  to  discard  it  altogether.)  In  the  case  of  strych- 
nin, this  would  be  an  indirect  result  of  the  rise  of  blood -pressure,  if 
it  occurred  at  all.  In  view  of  the  practically  negative  results  of  all 
exact  methods  of  observation,  the  claimed  beneficial  effect  of  ordinary 
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doses  of  strychnin  on  the  circulation  must  be  considered  as  not  proven. 
Nevertheless,  it  is  conceivable  that,  under  special  conditions  which 
have  not  been  sufficiently  investigated,  the  strychnin  does  have  some 
effect  —  perhaps  indirectly,  by  im[n-oving  the  respiration;  or  by  alter- 
i>^  the    distribution   of   blood,   without  affecting  the  general  blood- 
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Fig.  ««.     Elttctt  ef  StryclKtin:    The  action  begins  il  X.     A.  B.  >Dd  C  are 
^^  presmre   iradngi    fram   doga.     A    and    B    are    explained    in    ihe   text.     C, 

I  and  F,  Tracingt  from  isolated  'ean  (after  Hedbom):  £,  Stimiilsnt  cBccIs; 
r,  panljtic  effect!. 

pressure.  These  assumptions  are  purely  hypothetical,  and  need  only 
be  invoked  when  the  beneficial  effect  is  universally  conceded  by 
clinicians.  As  these  doses  of  strychnin  can  do  Utile  harm,  except  per- 
b»ps  in  arteriosclerosis,  there  can  be  no  objection  to  their  trial. 
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Whilst  small  doses  of  strychnin  have  but  little  effect  on 
the  circulation,  convulsive  doses  cause  very  conspicuous 
changes;  especially  a  large  rise  of  blood  pressure,  due  to 
central  vasomotor  stimulation,  produced  mainly  by  the 
direct  action  of  strychnin  on  the  center;  but  aided  by  the 
convulsions  and  asphyxia.  This  is  followed  by  vasomotor 
depression. 

These  efEects  are  synchronous  with  the  convulsions:  the  typical 
course  is  shown  in  figure  46 A:  with  the  onset  of  the  irregular  tpastns 
at  (b)  the  mean  pressure  rises  (central  vasomotor  stimulation),  the 
heart  being  slowed  and  strengthened  (central  vagus  stimulation ;  see 
also  Fig.  46  B.  a.).  During  the  lelarms  (A.  c.),  the  pressure  is  very 
high  (intense  stimulation  of  vasomotor  center),  the  heart  beats  are 
faster  and  smaller  (reflex  vagus  depression,  mainly  through  muscular 
exertion;  see  also  B.  b.).  As  the  tetanus  disappears  (A.  d.)  the 
pressure  falls  below  normal  (central  vasomotor  paralysis),  and  the 
heart  beats  become  very  strong  and  slow  (intense  vagus  stimulation, 
mainly  asphyxial).     The  phenomena  A  b  10  d  are  repeated  during  each 

At  death  approaches,  and  the  respiration  stops  permanently,  the  pres- 
sure remains  low,  and  the  heart  beats  rapidly  but  weakly  (Fig.  B.  c: 
total  paralysis  of  vasomotor  and  vagus  centers),  and  finally  stops. 
After  a  time,  there  may  be  a  few  slow,  strong  beats,  as  in  figure  47  h- 

This  description  applies  almost  equally  well  to  the  effects 
of  convulsions,  produced  by  any  other  cause ;  and  particu- 
larly to  asphyxia  (see  Fig.  47).  These  are  both  present  in 
strychnin  poisoning,  and  must  be  contributory  factors. 
However,  they  are  not  the  main  cause  of  the  rise  of  blood- 
pressure  ;  for  this  occurs  when  convulsions  are  excluded  by 
complete  curarization  (Fig.  46C) ;  and  when  asphyxia  is 
prevented  by  artificial  respiration.  Only  the  portion  (d), 
of  the  tracing  46A,  is  due  entirely  to  asphyxial  vagus  stimu- 
lation. 


In  curarized  animals,  the  rise  in  blood  ()ressure  occurs  spasmodically, 
and  can  be  brought  on  by  reflex  stimulation,  just  like  the  convulsions 
in  ordinary  animals.  The  dose  required  to  produce  the  convulsant 
and  the  vasomotor  action  are  also  identical.  This  supports  the  view 
that  the  action  of  strychnin  on  the  medullary  centers  is  essentially 
identical  with  its  action  on  the  spinal  centers. 

Action  of  Strychtiln  on  the  Heart.— Strychnin  also  has  some  ac- 
tion on  the  heart,  at  first  stimulant ;  later  and  with  larger  doses, 
depressant.  (Fig.  46,  E.  and  F.)  The  effects  are  only  seen  when 
high  concentrations  are  perfused  directly  through  the  heart.  They  are 
not  at  all  concerned  in  the  therapeutic  action,  and  probably  not  even 
in  the  toxic  eRect.  Strychnin  is  therefor  not  a  cardiac  stimulant  in 
the  pharmacologic  sense. 
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The  Spinal  vasomotor  centers  are  also  stimulated,  for  injectioa  of 
stiychnin  raises  the  pressure  after  section  of  the  cervical  cord.  (The 
existence  of  spinal  vasomotor  centers  has  been  denied.) 

The  Respiratory  Center. —  This  is  stimulated  (Fig.  46, 
D)  \yy  strychnin  both  directly  and  reflexly  through  increase 
of  muscular  work. 

The  direct  increase  in  the  excitability  of  the  respiratory 
center  is  very  important  therapeutically.  The  activity  of 
this  center  is  normally  extremely  variable,  and  as  a  result 
of  disease  —  e.  g.,  asthma  —  or  of  drugs,  the  irritability  of 
the  center  may  be  so  depressed  as  to  cause  absolute  failure 
of  respiration.  Strychnin  removes  this  depression  and  en- 
ables the  same  stimuli  to  effect  much  larger  results,  and  in 
this  way  tides  over  a  danger. 


Figure  47.     Aspbyxla  cm  bloDd^iircuim   (Dog).     Tbe  trachei  was  tin 

XX.     The   heart   gtopi    a1    (g);    but    it   often    gives  i   few    Isolated 'beats    (b) 
ter   b»Ting  slopped   for   several   minmes.      (b  10  t) :    central   vaiomotor  itimula- 


The  variable  excitability  of  the  respiratory  center  explains  why  the 
results  obtained  by  faultless  experiments  are  not  always  uniform.  In 
fac^  the  useful  stimulating  effect  of  strychnin  has  been  absolutely 
denied  by  some.  But  most  experimenters  and  clinical  observers  agree 
that  there  is  such  a  stimulation  by  strychnin  and  its  group,  as  also 
by  caffein,  ammonia,  atropin,  and  camphor. 

Paralytic  Effects. —  The  paralysis  of  the  medullary  centers 
and  spinal  cord  is  partly  masked  by  the  convulsions,  but 
shows  in  the  intervals  and  toward  the  end.  It  is  the  usual 
cause  of  death  in  mammals,  unless  this  takes  place  during 
respiratory  spasm.  The  respiratory  center,  vasomotor 
center,  vagus  center,  and  the  cardiac  muscle  fail  in  this 
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order.     Exhaustion,  asphyxia,  and   the  direct  depressant 
action  of  strychnin  are  all  concerned  in  the  paralysis. 

That  exhaustion  is  an  important  contributory  factor  is  shown  by 
the  fact  that  life  may  be  greatly  prolonged  by  preventing  the  convul- 
sions through  chloral  or  curare.  The  prolongation  of  life  by  artificial 
respiration  shows  the  contributory  action  of  asphyxia.  Howevec  ani- 
mals die  from  large  doses  of  strychnin,  when  exhaustion  and  asphyxia 
are  both  excluded,  in  the  manner  indicated. 

There  seems  considerable  reason  to  believe  that  in  the  frog  the 
paralysis  of  the  central  nervous  system  is  caused  largely  by  the  failure 
of  the  circulation  through  cardiac  paralysis,  but  this  is  not  the  sole 
cause,  for  the  heart  is  often  siill  beating  when  the  reflexes  have  dis- 
appeared. In  the  case  of  mammals  death  usually  occurs  before  the 
heart  has  slopped. 

It  must  be  concluded  that  large  doses  of  strychnin  exert  a  direct 
depressant  action  on  the  medulla  and  cord.  It  is  doubtful  whether 
small  doses  produce  any  depression ;  with  moderate  doses,  it  is  ob- 
scured by  the  stimulation,  the  two  conditions  being  present  at  the 
same  time.  It  is  not  known  whether  the  depression  is  merely  a  con- 
sequence of  the  stimulation,  or  whether  it  is  an  independent  action. 

It  is  important  to  bear  in  mind  that  the  convulsions  are 
not  the  dangerous  element  in  strychnin-poisoning,  but  the 
paralysis. 

Tetanus  alone  is  not  such  a  dangerous  condition.  Thus,  tetanus 
quite  as  violent  as  that  of  strychnin  has  been  produced,  e.  g.,  by  cam- 
phor, without  being  fatal,  and  the  very  severe  convulsions  of  trau- 
matic tetanus  may  last  for  weeks,  whereas  large  doses  of  strychnin 
may  kill  after  a  single  twitch  or  even  without  any  signs  of  convulsions 
(death  may  then,  however,  be  due  to  cardiac  paralysis). 

This  is  of  great  therapeutic  importance,  since  it  teaches 
that  remedial  measures  must  be  directed  not  only  against 
the  convulsions,  as  against  the  subsequent  paralysis. 

3-  The  effects  upon  the  brain  have  not  been  sufficiently 
investigated.  This  much  is  certain,  that  they  are  not  very 
great.  There  is  no  evidence  that  the  motor  or  psychic  areas 
are  more  excitable.  Consciousness  is  not  lost  until  the 
asphyxial  coma. 

Among  the  special  senses  there  is  a  well-marked  increase 
in  the  sharpness  and  field  of  vision  for  all  colors,  and  in  the 
olfactory  sense,  whilst  the  sense  of  touch  is  but  slightly 
affected.  The  action  is  central:  in  the  eye  perhaps  also  on 
the  retina!  ganglion  cells. 

(B)  Peripheral  Actiims. —  When  used  systemically. 
strychnin  has  no  action  on  nen'c-fibers,  nor  striped  nor  un- 
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striped  muscle,  nor  sensory  end-organs.  Very  large  doses, 
however,  lessen  the  excitability  of  the  latter  in  the  frog.  It 
has  a  curare  action  on  the  endings  of  striped  muscles. 

This  may  be  seen  in  the  frog,  but  it  develops  too  late  to  show  tn 
mammals.  Both  strychnin  and  brucin  paralyze  the  superior  cervical 
ganglion.  It  has  not  been  investigated  whether  this  extends  as  well  to 
ihe  other  sympathetic  ganglia.  The  effect  upon  ihe  heart  has  already 
been  mentioned.  Whether  this  effect  is  on  the  muscle-fibers  or  nerve 
endings   cannot  now  be   stated   with   certainty,  but  it   is  probably  mus- 


Alimentary  Canal. —  Strychnin  is  often  of  great  benefit 
in  chronic  gastric  and  intestinal  catarrh.  It  shares  this 
action  with  all  other  bitter  substances  (see  Chapter  XXX). 
For  this  local  effect,  the  Galenic  preparations  of  nux  vomica 
are  superior  to  the  pure  alkaloid,  since  they  are  not  so 
quickly  absorbed. 

Strychnin  is  also  useful  in  atonic  constipation,  especially 
if  it  is  used  in  conjunction  with  mild  cathartics.  The  effect 
is  perhaps  explained  by  an  increased  tone  of  the  centers 
which  control  intestinal  movements. 

Action  oti  Invertebrates.— The  effects  of  strychnin  upon  animals 
devoid  of  a  central  nervous  system  have  not  been  sufficiently  studied. 
All  those  possessing  nervous  structures  are  affected  by  it.  Ameboid 
movements,  as  also  gas  forniation  by  yeast,  etc.,  are  inhibited,  but  much 
larger  doses  are  necessary  than  are  required  of  quinin. 

IV.  ABSORPTION,  ETC. 

Strychnin  is  readily  and  quickly  absorbed,  mainly  from 
the  intestine.  It  is  probable  that  the  stomach  partakes  in 
the  absorption  in  man,  although  this  is  not  the  case  in  the 
rabbit.  The  excretion  begins  quickly,  but  lasts  for  a  long 
time  {2  to  8  days).  It  takes  place  by  sweat,  saliva,  bile, 
and  especially  urine. 

F«te. —  The  excreted  strychnin  is  unchanged.  Part  of 
the  poison,  however,  undergoes  destruction,  probably  oxida- 
tion, in  the  body.  The  poison  is  retained  for  a  long  time 
in  the  liver  and  central  nervous  system.  It  is  not  destroyed 
in  the  alimentary  canal  (Hatcher,  1904). 

It  strychnin  is  injected  into  the  ligatured  limb  of  a  guinea  pig,  the 
toxic  effect  is  considerably  diminished  when  the  poison  is  admitted 
to  the  circulation  after  several  hours,  by  the  removal  of  the  ligature. 
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This  is  due  to  the  very  slow  absorption  of  the  strychnin  through  the 
obstructed  circulation ;  a  considerable  portion  of  the  strychnin  disap- 
pearing (by  elimination  or  destruction)  whilst  the  ligature  is  intact. 

Susceptibility —  Continued  administration  of  strychnin 
does  not  lead  to  tolerance,  but  seems  rather  to  increase  the 
susceptibility  to  its  action. 

Children  are  comparatively  insusceptible,  whereas  it  is  a 
dangerous  poison  for  old  people,  on  account  of  the  frequent 
existence  of  atheroma  or  fatty  heart,  leading  to  rupture 
through  the  increased  blood-pressure. 

DIBerent  animals   show   a   varyii^   degree   of  susceptibility.     With 

subcutaneous  administration,  man,  cats,  and  dogs  require  about  tbe 
same  dose,  per  kilogram,  to  produce  a  fatal  effect ;  rabbits  are  slightly 
more  susceptible.  Guinea  pigs  and  frogs  require  about  6  times,  and 
snakes  i8  times,  this  dose.  With  the  frog,  the  spasms  appear  with 
one-sixth  the  fatal  dose;  with  the  guinea,  they  only  set  in  when  at 
least  95%  of  the  fatal  dose  has  been  given. 

V.  DIFFERENCES  IN  THE  NUMBERS  OF  THE  SERIES. 

The  description  of  the  actions  of  strychnin  applies  also  to  bruein, 
thebain,  gelsemin,  and  calabarin.  Bruein  occurs  with  strychnin  in  uux 
vomica;  its  action  is  much  weaker,  the  ratio  varying  somewhat  with 
different  animals.  The  paralytic  and  curare  effects  are  comparatively 
more  pronounced,  so  that  bruein  is  less  useful  therapeutically. 

Tetanus  toxin  also  produces  a  convulsant  action  on  the  spinal  cord 
which  is  practically  identical  with  that  of  strychnin.  The  paralytic  ac- 
tion is  less  pronounced.  The  action  developes  more  slowly  (on  ac- 
count of  the  slow  absorption,  and  probably  by  the  existence  of  an 
incubation  period)  and.  if  the  introduction  of  the  toxin  occurs  by  a 
wound,  the  tetanus  is  at  first  localized,  and  spreads  only  in  the  course 
of  some  days.  This  is  also  due  to  the  slow  distribution  of  the  toxin, 
which  appears  to  be  conveyed  to  the  spinal  cord  along  the  nerves. 
Another  important  difference  is  that  tetanus  toxin  leads  to  the  produc- 
duction  of  a 


Eelation  to  Other  Grtivpa — By  its  action  on  the  cen- 
tral nervous  system,  strychnin  resembles  caffein  and  picro- 
ioxin,  the  difference  consisting  in  the  portion  of  the  central 
nervous  system  mainly  affected.  The  increased  irritability 
of  the  spinal  cord  connects  it  with  morphin,  its  action  on  the 
endings  of  the  striped  muscle  with  curare.  (A  derivative 
of  strychnin,  methyl-strychnin,  is  a  member  of  the  curare 
group.)  The  action  on  the  cervical  sympathetic  ganglion 
is  allied  to  that  of  ntcotin.  The  cardiac  paralysis  is  com- 
mon to  many  poisons. 
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VI.  TOXICOLOGY. 

Time  of  Appearance  of  Symptoms. —  The  sstnptoms  do 
not  often  appear  before  fifteen  minutes,  nor  are  they  often 
delayed  beyond  half  an  hour,  but  in  one  case  an  hour  and 
three-quarters  elapsed  before  the  symptoms  begtan.  The 
lime  will  depend  upon  individual  differences,  upon  the 
manner  of  introduction, —  if  into  the  stomach,  whether  this 
is  full  or  empty,  and  upon  the  nature  of  the  food,  if  any  is 
present, —  upon  the  place  of  introduction  (hypodermically. 
etc.),  and  upon  the  preparation  of  the  poison  employed. 
The  alkaloid  will  act  faster  than  the  tincture,  and  these, 
again,  faster  than  pills. 

First  Symptoms. —  The  symptoms  may  start  with  a  feel- 
ing of  uneasiness  and  a  heightened  reflex  irritability  (ner- 
vousness) ;  then  comes  a  sensation  of  tightening  and  draw- 
ing in  the  lower  jaw,  or  there  may  be  a  twitching  of  the 
little  finger.  These  symptoms  are  the  most  that  should  be 
produced  with  therapeutic  application. 

In  case  any  portion  of  the  body  is  paralyzed  from  a  high 
lesion,  this  part  may  be  the  first  to  show  the  spasms. 

Advanced  Symptoms. —  With  large  doses  these  prodro- 
mal symptoms  are  usually  absent,  and  the  attack  often  be- 
gins suddenly,  with  a  cry  or  shriek,  which  is  usually  caused 
mechanically  by  convulsive  movements  rather  than  by  pain. 
This  is  followed  very  quickly  by  the  characteristic  convul- 
sions. The  patient  is  thrown  into  general  convulsions,  at 
first  clonic  and  then  tonic.  Opisthotonos  ^  results  from  the 
contraction  of  the  extensors.  The  patient  will  touch  the 
ground  with  his  head  and  feet,  the  rest  of  the  body  being 
arched  above  the  floor.  The  feet  are  curved  inward. 
These  conditions  do  not  persist,  but  pass  into  clonic  spasms 
and  soon  an  intermission  ensues. 

The  respiration  during  the  attack  is  at  first  labored  and 
dyspneic,  and  then  ceases  by  the  spasmodic  contraction  of 
the  diaphragm.  The  abdomen  and  chest  may  become  as 
stiff  as  a  board.  The  patient  may  foam  at  the  mouth  on 
account  of  the  disturbed  respiration.  The  interference  with 
the  circulation  and  the  pressure  on  the  abdominal  viscera, 
aided  by  the  stimulation  of  the  respective  medullary  centers, 
may  lead  to  purging  and  vomiting.     Lock-jaw  and  risus 

^lo  OfiitlialBnBt,  ihe   bod;  is  arcbcd  backward  i  in  tmprotthirtcnot,   torwacd. 
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sardonicus  may  occur  later.  The  interference  with  the 
respiration  leads  to  asphyxia,  and  this  to  cyanosis,  dilatation 
of  the  pupils,  and  later  coma.  The  pulse  is  small  and  tense. 
The  patient  is  perfectly  conscious  and  usually  suffers  ex- 
cruciating pain.  In  a  few  cases  this  may  be  absent  on 
account  of  th  eanesthetic  effects  of  asphyxia.  Great  thirst 
is  a  common  symptom. 

These  spasms  are  interrupted  by  intermissions,  during 
which  the  stimulation  symptoms  disappear  entirely  and  are 
supplanted  by  general  depression.  Suddenly  the  attack  is 
repeated  as  before.  The  number  of  seizures  is  variable. 
Three  or  four  are  usually  fatal.  The  duration  of  the  spasms 
and  of  the  intervals  differs  according  to  the  severity  of  the 
poisoning.     They  become  shorter  toward  death. 

Death. —  The  patient  usually  dies  in  ten  to  thirty  minutes 
after  the  first  attack,  either  during  a  spasm  or  in  the  interval : 
if  the  former,  through  fixation  of  the  respiratory  muscles; 
if  the  latter,  through  paralysis  of  the  medullary  centers. 
Death  by  strychnin  is  characterized  by  early  and  often  per- 
sistent rigor.  (This  is  common  to  all  forms  of  convulsions 
and  is  perhaps  due  to  the  increased  production  of  acid.) 
The  postmortem  appearances  are  those  of  asphyxia  and 
violent  convulsions:  venous  congestion,  often  hyperemia  of 
the  central  nervous  system,  and  small  hemorrhages;  in  a 
few  cases  hyperemia  of  the  alimentary  tract. 

Differential  Diagnosis  of  Strychnin-poisoning. —  Strych- 
nin tetanus  may  be  confused  with  traumatic  tetanus,  spinal 
meningitis,  epilepsy,  or  hysteria.  Traumatic  tetanus  is 
characterized  by  previous  malaise  and  slow  development. 
The  convulsions  begin  in  the  jaw.  The  muscles  remain 
rigid  in  the  intermission.  The  course  is  comparatively 
slow.  Strychnin  tetanus  may  also  begin  in  the  jaw,  but 
not  as  markedly.  In  rare  cases  of  strychnin  poisoning  the 
muscles  also  preserve  their  rigidity  during  the  interval,  so 
that  the  diagnosis  is  sometimes  impossible.  When  in  doubt, 
strychnin  treatment  should  be  used,  as  it  is  beneficial  in  all 
similar  conditions.  The  course  of  the  case  will  clear  up 
the  diagnosis. 

In  spinal  meningitis  the  diagnosis  may  be  made  by  the 
fever  and  history,  and  signs  of  injury  to  the  vertebra  can 
generally  be  discovered.  Epilepsy  differs  by  the  loss  of 
consciousness;  the  reflexes  are  normal.     In  certain  cases 
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of  hysteria  the  diagnosis  may  be  impossible.     Such  cases 
should  also  be  treated  as  for  strychnin. 

Treatment  of  Stiyohnin-poisonin^.' — Chemic  and  Emetic. 
—  This  must  be  very  prompt  on  account  of  the  rapid  ab- 
sorption. 

Pennangana.te  or  iodin  (see  p.  90)  are  preferred;  tannin  may  be 
nsed,  but  not  in  the  form  of  coffee. 

Evacuation  may  be  employed  in  mild  casti.  Emetics  act  too  slowly 
and  are  too  depressing,  so  that  the  stomach-tube  would  be  preferred, 
using  the  chemic  antidotes  by  lavage.  If  the  symptoms  are  severe, 
evacuation  would  be  too  late  to  do  any  good,  and  could  even  be 
kannful  by  starting  the  convulsions.  It  should  never  be  used  if  the 
patient  struggles,  since  perfect  quiet  is  of  the  greatest  importance. 

For  physiologic  treatment,  the  most  useful  antidotes  are 
the  members  of  the  group  of  hydrocarbon  narcotics :  chloral, 
paraldehyd,  or  chloroform.  They  have  all  been  advised. 
Chloral  is  given  in  doses  of  2  Gm.  {yi  drachm),  with  the 
addition  of  another  gram  {15  grains)  after  half  an- hour 
or  longer,  as  necessary.  There  is  always  the  danger  in 
giving  this,  that  its  paralytic  effects  may  coincide  with  those 
of  the  strychnin,  and  thus  increase  the  danger.  For  this 
reason  chloroform  is  considered  the  best,  since  its  action 
can  be  very  largely  controlled.  Morphtn  should  be  avoided, 
and  only  used  in  emergency.  Its  effect  upon  the  brain  is, 
of  course,  antidotal  to  the  strychnin,  but  this  is  of  little 
importance,  and  on  the  other  hand,  it  is  likely  to  increase 
the  reflex  excitability  of  the  spinal  cord  and  thus  add  its 
effect  to  that  of  strychnin.  Its  depressing  action  on  the 
respiration  is  also  certainly  undesirable.  Nicotin  was  at 
one  time  recommended,  but  thorough  tests  have  shown  that 
it  is  useless,  as  might  well  be  predicted  from  its  action. 
Pilocarpin  is  also  useless. 

Artificial  respiration,  as  well  as  the  inhalation  of  oxygen, 
should  be  begun  early,  since  this  has  been  proved  to  be  a 
most  efficient  treatment. 

It  is  claimed  as  a  result  of  animal  experiments  that  the 
application  of  external  heat  decreases  the  mortality. 

The  fatal  dose  is  stated  as  3^  to  i  J^  grains  { 0.030  to  o.  i 
Gm.),  the  former  being  the  smallest  fatal  quantity  recorded, 
^^  '/12  grain  in  a  woman  has  given  violent  results.  How- 
ever, even  4  grains  have  been  recovered  from  in  cases  where 
appropriate  treatment  was  used.     As  much  as  §  grains 


.dbyGoogle 


158  CONVULSANT   SERIES.  CH.    VUI. 

(0.04  Gm.)  is  sometimes  administered  three  times  a  day 
for  therapeutic  purposes :  This  practice  is  distinctly  dan- 
gerous, 

VII.  THERAPEUTICS. 

The  principal  effect  of  strychnin  is  upon  the  ipinal  oenten, 
and  this  is  made  use  of  in  various  ways : 

1.  General  Tonic. —  Its  tonic  effect  may  be  explained  in 
two  ways.  First,  by  its  producing  an  increase  in  the  mus- 
cular tone.  This  increase  of  tone  produces  a  more  healthy 
feeling  in  the  patient.  Secondly,  its  effect  upon  the  ali- 
mentary canal  improves  the  appetite  and  digestion. 

Consequently  strychnin  as  a  tonic  should  be  given  in  the  form  of  the 
preparations  of  nux  vomica,  the  tincture  being  especially  desirable.  It 
is  used  in  this  way  against  marasmus,  tuberculosis,  chronic  gastric  or 
intestinal  catarrh,  etc, 

2.  Paralytic  Disorders. —  We  repeat  that  strychnin  only 
increases  the  excitability  of  existing  structures.  It  cannot, 
therefore,  be  of  any  use  in  organic  lesions  of  the  cord.  It 
may  be  of  use  in  functional  lowering  of  the  activity  of  the 
cord. —  e.  g.,  lead-poisoning,  or  sometimes  in  diphtheritic 
paralysis.  It  is  especially  useful  in  nervous  lesions  above 
the  cord ; 

For,  by  stimulating  the  latter,  it  will  preserve  the  tone,  and,  conse- 
quently, the  nutrition  of  the  muscles,  and  in  this  way  may  temporarily 
prevent  their  atrophy  while  the  higher  lesion  is  being  repaired.  For 
this  purpose  it  will  give  the  best  results  when  used  conjointly  with 
massage  and  electricity.  In  some  way  it  also  lessens  the  pain  in  older 
paralyses. 

3.  Other  ReHex  Spinal  Centers. —  The  lower  centers  of 
the  cord,  especially  the  sphincters  of  the  bladder  and  rectum, 
are  put  into  better  condition  by  strychnin,  and  it  is,  there- 
fore, useful  in  certain  forms  of  incontinence  of  the  feces 
and  urine. 


The  stimulation  of  the  spinal  cord  also  explains  its  effects 
in  impotence. 

4.  The  stimulant  effects  of  strychnin  on  the  mednllftiy 
oenten  is  utilized  in  conditions  in  which  these  are  depressed; 
i.  e.,  in  shock  and  collapse.     Opinions  as  to  its  value  differ. 
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These  conditions  are  characterized  by  depression  of  the  vasomotor, 
fespiratory  and  vagus  centers,  i.  e.,  by  rapid  soft  pulse  and  slow  or 
shallow  respiration.  The  phenomena  are  precisely  the  apposite  of 
those  of  the  typical  effects  at  convulsive  doses  of  strychnin.  However, 
these  large  doses  are  not  applicable,  for  the  stimulation  is  succeeded  hy 
depression  which  adds  itself  to  the  exciting  collapse,  and  proves 
promptly  fatal. 

The  doubtful  eflect  of  therapeutic  doses  has  been  discussed  on  page 
148.  Useful  results  have  been  claimed  in  surgical  collapse,  at  least  in 
the  milder  cases ; '  in  the  collapse  of  fevers;  in  poisoning  by  alcohol, 
anesthesia,  the  coal-tar  derivatives,  etc.  Recent  experiments  suggest 
that  it  may  be  useful  to  administer  strychnin  just  before  anesthesia. 
as  it  lessens  the  tendency  to  respiratory  paralysis,  without  interfering 
with  the  anesthetic  action.  Very  good  results  are  claimed  in  suake- 
foisoning.  Nux  vomica  has  long  been  used  by  the  natives  of  Ceylon 
for  this  purpose. 

Strychnin  is  not  so  useful  against  depression  by  morphin-poisoning, 
for  the  same  reason  that  prohibits  morphin  as  an  antidote  in  strychnin. 

Those  who  regard  sea-sickness  as  a  collapse  condition,  have  also 
onployed  it  here,  but  its  benefits  are  doubtful. 

Strychnin  may  also  be  beneficial  in  circumscribed  vasomotor  dis- 
hirbances,  e.  g.,  in  hemicrania.  It  should  not  be  ttsed  in  heart  diseases; 
for  if  it  has  any  action,  it  increases  the  work  of  the  heart. 

5.  The  useful  effect  of  strychnin  in  acute  alcoholic  poison- 
ing has  suggested  its  employment  in  the  chronic  form. 

Its  usefulness  here  will  vary  according  as  to  whether  there  is  in- 
creased or  diminished  excitability  of  the  cord,  either  of  which  may 
exist.  In  the  latter  case  it  is  indicated,  both  on  account  of  the  greater 
relaxation  of  the  muscles,  and  the  gastritis.  In  the  former  it  would  be 
useful  only  as  an  appetizer,  an  effect  which  may  be  attained  equally 
well  bjr  simple  bitters  (see  Chap,  XXX,  A)  without  further  increasing 
the  spmai  irritability. 

6.  The  action  of  strychnin  on  the  respiratory  center  is 
much  more  certain  than  its  vasomotor  effect.  It  has  been 
found  useful  in  all  cases  of  respiratory  failure,  whether  by 
direct  depression  or  by  fatigue  of  the  center.  When  death 
seems  imminent,  it  is  justifiable  to  push  the  strychnin  until 
twitching  of  the  finger-tips  occurs.  It  should  never  be 
continued  beyond  this  stage,  for  the  danger  of  producing 
strychnin  paralysis  is  great. 

We  need  only  allude  to  the  use  of  strychnin  in  diminished 
visual  activity.  It  undoubtedly  improves  this,  but  its  ef- 
fects are  only  temporary. 

A  dose  of  2  to  3  mg-  'S  required  to  produce  this  effect.  The  ac- 
tion may  also  be  obtained  hy  the  application  of  a  1%  solution  to  the 
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Strychnin  is  stated  to  be  occasionally  effective  in  rediKing  the  poly- 
uria of  diabetes  insipidus.  There  is  no  pharmacologic  explanation  for 
this  action,  if  it  exists. 

On  the  whole,  strychnin  must  be  looked  upon  only  as  a 
temporary  remedy.  It  must  be  remembered  that  it  does 
not  in  any  way  permanently  improve  the  condition  of  the 
central  nervous  system,  nor  does  it  increase  any  of  the 
functions  except  the  reflex  irritability.  It  is  doubtful 
whether  the  permanent  maintenance  of  this  artificially  raised 
irritability  is  ever  of  benefit.  But  that  its  temporary  action 
in  bridging  over  the  time  required  for  reparative  processes 
is  extremely  useful,  belongs  to  the  best  established  facts  of 
modern  therapeutics. 

VIII.  MATERIA  MEDICA.' 

Nux  Vomica  (U.  S.  P.,  B.  P.).— The  seed  of  Sirychnos  Nux  Vom- 
ica. Loganiace<e,  East  Indies. 

Contains  about  2.^%  of  alkaloids,  of  which  ] 
(not  less  than  1.25%  U.  S.  P.),  and  the  rest  mt 
fat,  gum.  etc.,  are  also  present. 

The  drug  was  unknown  to  the  ancients,  and  vts 
by  the  Arabs.  The  first  good  description  occur 
was  discovered  in  1818. 

The  bark  contains  the  same  principles  in  less  amount,  but  relatively 
more  brucin.  It  was  formerly  found  in  commerce  under  the  name  of 
"  false  angostara."  Several  arrow  poisons  are  also  derived  from  the 
genus  Strychnos,  especially  the  Upas  Tieute  from  Java.  Some  of  the 
strychnos  species  do  not  contain  any  active  principle. 

Nux  vomica  also  contains  a  small  quantity  of  a  third  alkaloid,  igasu- 
rin,  which  has  not  been  very  greatly  studied,  but  which  seems  similar 
to  strychnin. 

Dose:  0.03  to  0.3  Gm.  <!^  to  5  grs.)   (0.065  Gm,  =  1  grain.  U.  S.  P.). 
Preparations    (all   miscible   with   water  or   alcohol.     Made   with    three- 
quarter  alcohol  and  acidulated) : 
Tinctura  Nucis   Vomica.  U.S.?.    (■io%=o.i%   strychnin).   B.P.: 
0.22%  alkaloids.    Dose:  0.3  to  1.2  c.  c.  (5  to  ao  ni)   (0.6  c.  c.  = 
10  la,  U.  S.  P.). 
Fluidexjraclum   Nucis     Vamica,    U.S.  P.:     1%     strychnin.     Dose: 

aos  to  0.2s  c.  c.  (I  to  4m.)  (0.0s  c.  c.  =  i  TH..  U.  S.  P.). 
Extractum    Nucis    Vouiicte,    U.  S.  P.    and    B.  P. :    5%    stfychnin. 
U.S.  P.    Dose:  o.oi   to  0.06  Gm.    ('/,  to  I   gr.)    (0.015  Gm.= 
y*  grain). 
•  IgiMtia. —  The  seed  of  Strychnos  Ignatia,  Philippines. 

Strychnin,    0.5%    to    1.5%.     Brucin,    0.5%    to    1.4%.     Tannin,    fat, 
gum. 

Dose:  0.03  lo  0.2  Gm.  (^  to  3  grs.). 

Strychnina   (US.P.,  B.  P.).— CaHnN.O,  — Alkaloid  derived  from 

plants  of  the  family  Loganiacex.    Soluble  in  6,40a  parts  of  water,  no 

'  Studr  Materia  Mediea  Lesson   18. 
•  Not  olficiil. 
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alcohol,  5,500  ether,  6  chloroform.  Strychnin  and  its  salts  occur  as 
colorless  crystals  or  white  powders.  The  taste  is  intensely  bitter,  per- 
ceptible in  1  :  700,000.  Strychnin  salts  have  the  usual  alkaloidal  in-. 
compatibilities,  and  are  also  precipitated  by  iodids  and  bromids.  Their 
test  is  from  I  to  s  njg,  ('/»  to  '/u  gr.)  (i  mg.^ '/«  gr„  U.  S.  P.). 
The  following  sails  are  official ; 

I  pait  soluble  in 
water     alcohol 
Sulphate  (U.  S.  P.,  B.  P.),  Str.H.SO.  +  SH.O  31  65 

Nitrate   (U.  S.  P.),  Str.  HNO.  42  ISO 

Hydrochlorid    (B.  P.),  Str.  H CI  60 

PrtfvtsHoHs: 

Ferri  el  Slrychttina  Citrat   (U.S.?.):   1%  strKhnin.     Dose:  O.06 

to  0.3  Gm.  (1  to  5  Brs-)   (o.i2S  Gm.  =  2  grains,  U-  S.  P.). 
Liquor  Strychnini  Hydrochloridt  (B.  P.)  :   (i%.>     Dose:  O-i  to  0.3 

cc.  (2  to  5  HI). 
Elixir  Ferri,  Quinina  et  StrychniiKe  Pkosphatum  (U.  S.  P.). 
Glyceritum   Ferri,  Quimna  et  Strychnina  Phosphatitm    (U.S.  P.), 

The  dose  =  Etixir:  4  c.c.^iS.  Glyceritum:   i  c.c.  =  i51Il,. 

Contains:         milligrams,  grains.           milligrams.          grains. 

Strychnin    1.5  '/«                       0.8                  '/» 

Quinin   35.  'A                       104.                     I'/i 

Ferri  Phosphate 70.  i                             80.                     I'/i 

'Liguor  Strychnin<e  Acetatis,  N,  F,    (Hall's  solution);  0.2%   (acidu- 
lated). 
*Bniciii,  C«H»NiO..— Dojf."  5  to  30  mg.  ('A.  to  J4  gr.^. 

(B)   CAFFEIN  GROUP. 
'  1.  MEMBERS. 

The  members  of  this  group  are  chemic  derivatives  of  purin,  or  of 
xanihin  (=dioxypurin).  They  exist  in  plants;  as  products  of  meta- 
bdism  in  animals  (uric  acid,  guanin,  adenin,  hypoxanlhin,  heteroxan- 
Ihin.  paraxanthin,  eic.)  ;  and  can  also  be  obtained  synthetically. 

The  composition  of  cafFein  is  shown  by  the  following  structural 
formula    (Emil  Fischer)  : 

PURIN  X.^NTHIN 

(i)N-C  (6)  HN-CO  CHjN-CO 

(5  C  (5)C  -  N  (7)  OC      C  -  N  H  OC       C  -  NCH. 

]       I  C  («)  I        I  C  H  I  CR 

(3)M-C-N  HN-C-N  CH,N-C-N 

(4)    (9) 

Xamhin  is  derived  from  purin  by  the  Introduction  of  two  oxygena- 
toms  in  the  positions  (2)  and  (6)  ;  and  four  H  atoms  in  the  positions 
(i).  (3).  (7),  and  (8).  The  first  three  may  be  replaced  by  methyl 
(CHt)>  as  in  eaffein'  (Irimethyl  xanthln).  Three  dimethyl  xanthin 
can  exist:     1.3    {Tkeophyllin)  ;    1.7    {Paraxanthin);    and    3.7    {Tkto- 

fcrOKMIl). 

All  the  soluble  xanthin  derivations  exhibit  the  actions  of  the  group 
to  some  degree. 

■The  ilkaloid  of  tea,  formcrtr  called  tktin.  is  identical  with  caffein. 
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The  therapeutically  most  important  members,  caffein  and  theobromin, 
are  found  in  plants  of  at  least  six  families,  which  are  scattered  over 
many  portions  of  the  globe,  and  have  usually  been  discovered  and 
coosunied  by  the  natives.  A  list  of  the  most  important  will  be  found 
under  the  materia  medica. 

II.  SUMMARY  OF  ACTIONS. 

1.  Increase  of  the  reflex  irritability  of  the  central  nervous 
system  from  above  downward,  leading  to  a  stimulation  of 
the  psychic  area,  then  of  the  vasomotor  and  respiratory 
centers,  and  later  to  heightened  reflexes  and  tetanic  con- 
vulsions. In  large  doses  this  stimulation  is  followed  by 
paralysis, 

2.  Increased  ease  of  muscular  contraction,  progressing 
to  loss  of  elasticity  and  to  rigor  (with  skeletal  and  cardiac 
muscles). 

3.  Diuresis,  probably  by  direct  stimulation  of  the  renal 
epithelium, 

III.  DETAILS  OF  ACTION. 

(A)  Central  Servona  Syitem, — 1.  The  members  of  the 
series  lead  to  a  heightening  of  nervous  activity,  first  shown 
in  the  higher  psychic  functions.  This  is  most  prominent 
with  caffein,  other  members  showing  a  more  conspicuous 
paralysis. 

There  is  a  clearer  and  quicker  flow  of  thought,  disap- 
pearance of  drowsiness,  more  sustained  intellectual  effort. 
more  efficient  appreciation  of  sensory  influences  of  all  kinds, 
especially  in  fatigue,  and  more  perfect  association  of  ideas. 

With  larger  doses  (0.5  to  1.5  Gm.)  this  passes  into  wake- 
fulness and  restlessness,  vertigo,  headache,  and  tinnitus 
aurium.  With  extremely  large  doses  this  may  pass  into 
delirium,  and  finally  coma. 

In  lower  mammals  the  cerebral  eff'ect  is  shown  by  rest- 
lessness. In  the  frog  there  are  no  symptoms  referable  to 
the  brain. 

X  Action  on  the  Medullary  Centers. —  The  efl'ects  of 
caffein  on  the  medulla  resemble  closely  those  of  strychnin. 
The  stimulation  is  on  the  whole  weaker,  but  more  prolonged. 
The  vasomotor  stimulation  especially  is  less  pronounced. 
The  vagus,  -and  particularly  the  respiratory  stimulation 
(Figs.  48  and  50  D),  are  relatively  more  prominent.  The 
subsequent  depression  of  the  centers  is  less  marked,  eveu 
when  large  doses  are  used.     {The  efl'ects  on  the  vasomotor 
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and  vagus  centers  will  be  described  in  detail  in  connection 
with  the  circulation.) 

3.  Spinal  Cord. —  The  eifects  upon  the  spinal  cord  also 
resemble  strychnin,  except  that  they  are  very  much  smaller 
and  occur  only  with  relatively  large  doses.  There  is  the 
same  increased  reflex  irritability,  then  tremors,  and  finally 
tetanus.  This  tetanus  shows  the  same  intermittent  charac- 
ter as  that  of  strychnin,  and  also  involves  the  respiratory 
muscles  in  the  same  manner.  It  occurs  both  in  mammals 
and  frogs. 


Fig.  48. —  Effect  of  caReii 


uatiiial  nn    (ukcn  from 


There  is  a  difference  in 
to  caffein.  The  esculenta  is  thrown 
tcmp>oraria  goes  primarily  into  rigi 
quantitative  rather  than  qualitative, 
mary  rigor  in  the  esculenta  also. 

It  rests  upon  a  greater  tendency 
of  the  temporaria,  for  these  are  alsi 
rigor. 


of  different  species  of  frogs 
J  typical  tetanus,  whereas  the 
The  distinction  is,  however, 
e  large   doses   will   cause   pri- 
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CaRein  is,  therefore,  a  striking  illuslration  of  the  dilTerent  effects 
which  may  be  observed  on  the  intact  animal,  since  it  may  produce 
in  frogs  death  in  three  different  ways  according  to  the  strength  and 
manner  of  its  administration :  The  frog  may  die  without  any  symp- 
toms, through  total  collapse  from  cardiac  paralysis,  or  it  may  be 
thrown  into  spasms  Ihrough  the  stimulation  of  the  spinal  cord,  or 
it  may  be  overtaken  by  rigor  through  the  action  on  the  muscles. 

The  tetanus,  like  that  of  strychnin,  is  located  in  the  spinal 
cord. 

This  tetanus  is  the  only  symptom  with  frogs.  The  dose  required 
for  mammals  is  considerably  larger  than  that  necessary  to  give  a 
vasomotor,  cardiac,  or  diuretic  effect.  Whereas  for  the  latter  20  mg. 
per  kilo  are  ample,  20  mg.  will  only  cause  tremors,  and  convulsions 
will  not  develop  until  80  mg.  have  been  given.  Still  larger  doses 
paralyze  the  heart  or  the  whole  central  nervous  system. 

In  the  intact  frog  the  paralysis  of  the  cord  is  obscured  by  the  rigor. 
It  can  be  demonstrated  by  ligating  a  leg  exclusive  of  the  nerve, 
lyhen  caffein  will  destroy  its  reflexes,  although  the  muscles  are  still 
excitable. 


(B)  The  Effect  on  Skeletal  Hnsoles ( See  Fig.   49  and 

Exercise  45).  Caffein  increases  the  contractility  of  all 
forms  of  muscle.  Small  doses  increase  the  functional  ac- 
tivity of  the  skeletal  muscle,  in  all  its  phases :  a  lesser  stimu- 
lation will  suffice  to  produce  contraction;  the  height  and 
rapidity  of  contraction  are  greater,  a  larger  weight  can  be 
lifted;  fatigue  is  lessened,  and  a  greater  amount  of  work 
can  be  performed.  Somewhat  larger  doses  have  the  oppo- 
site effect.  This  is  shown  in  a  lengthening  of  the  contrac- 
tion very  similar  to  that  produced  by  fatigue;  i.  e.,  the 
lengthening  shows  at  first  in  the  relaxation,  later  in  the 
contraction  as  well.  The  other  phenomena  of  fatigue  are 
also  present :  The  height  of  the  contraction  is  less,  the  max- 
imal load  is  smaller,  and  the  muscle  is  exhausted  more 
quickly  by  tetanus  than  is  a  normal  muscle. 
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The  contraction  then  becomes  smaller  and  smaller,  and 
the  muscle  gradually  passes  into  rigor. 

Thh  increase  and  diminution  of  the  functions  bears  so  striking  a 
resemblance  to  the  phenomena  of  work  and  fatigue  as  to.  suggest  a 
connection  between  the  two.  It  is  possible,  although  not  demonstrated, 
that  fatigue  is  partly  doe  to  an  accumulation  of  xanlhin  products. 

The  rigor  resembles  that  of  rigor  mortis  in  all  respects ; 
The  muscle  is  hard,  opaque,  granular  on  miscroscopic  ex- 
amination, acid  to  litmus  paper,  etc. 

This  rigor  may  be  produced  in  living  animals  by  injection 
of  sufficiently  concentrated  solutions,  as  also  by  chloroform 
and  a  few  other  substances. 

All  of  these  favor  Che  clotlinc;  of  muscle- extract.  It  will  not  do, 
however,  to  accept  the  latter  as  the  explanation  of  the  rigor,  for  many 
other  substances  produce  clotting  of  the  extracts  with  even  greater 
readiness,  but  do  not  produce  the  rigor. 

The  effect  of  catfein  upon  smooth  muscles  consists  in  a  stronger 
and  more  persistent  contraction.  Larger  doses  prolong  the  period  of 
expansion. 

The  effect  upon  oardiao  muscle  is  essentially  the  same 
as  that  upon  skeletal  muscle. 

The  heart  muscle  is,  however,  somewhat  more  resistant  than  the 
skeletal,  for  the  heart  of  the  frog  is  still  found  beating  after  the  other 
muscles  have  gone  into  rigor. 

With  the  frog's  heart'  (Fig.  50  C)  small  doses  increase  the  absolute 
strength  of  contraction  and  the  volume  of  blood  thrown  out  in  a 
given  time.  The  duration  of  the  systole  is  increased  at  the  expense 
of  the  diastole.  The  rate  is  somewhat  quickened,  but  this  is  soon 
replaced  by  slowing.  The  heart  becomes  permanently  more  and 
more  contracted,  finally  reaches  standstill,  generally  in  systole,  and 
then  goes  into  rigor.    The  standstill  is  sometimes  in  diastole. 

The  analogy  of  these  phenomena  to  those  of  skeletal 
muscle  is  most  apparent. 

(A)  Effect  on  the  Mammalian  Heart, —  Small  doses  cause  an 
acceleration  of  rhythm ;  the  strength  of  contraction  and  the  relative 
dnration  of  the  phases  being  unaltered.  The  output  of  the  ventricle 
is  therefore  increased.  The  quickening  is  not  due  to  a  paralysis  of 
the  vagus,  for  it  occurs  when  the  vagus  has  been  completely  para- 
lyzed by  atropin :  nor  is  it  due  to  a  stimulation  of  the  accelerator 
center,  for  it  is  seen  after  the  excision  of  the  stellate  ganglia.  It  is 
further  very  improbable  that  it  acts  on  the  accelerator  endinjM,  for 
the  details  of  the  contraction  curve  differ  from  those  produced  by 
accelerator  stimulation.  Apocodein,  which  is  said  to  paralyze  the 
accelerator  endings,  does  not   prevent  the  quickening.    This  is  also 

■Enrdw    49- 
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seen  in  the  heart  of  the  embryonic  chick,  before  nerve  fibers  have  be- 
come developed.  The  action  must  therefor  be  on  the  muscle  substance 
itself,  increasing  its  contractility.  This  is  in  agreement  with  the  fact 
that  the  contractions  are  greater,  if  the  rate  is  but  little  increased 
(Fig.  so  B  and  C). 

Larger  doses  produce  a  further  acceleration,  through  the  same  cause. 
This  does  not  leave  time  for  complete  contractions,  so  that  the  ex- 
cursions of  the  heart  are  diminished  (Fig,  50  A,  b,  and  d),  and  the 
output  may  be  even  less  than  with  a  normal  heart,  notwithstanding 
the  increased  rate.  The  relative  length  of  the  phases  is  also  altered, 
the  diastolic  pause  being  usually  shortened  most 

Very  large  doses  cause  first  a  weakening  of  the  cardiac  muscle,  so 
that  the  systole  is  shorter,  then  a  slowing  of  both  phases;  or  there  may 
be  auriculo-ventricular  arylhmia;  the  contractions,  instead  of  arising 
in  the  auricles  and  descending  to  the  apex,  may  have  their  origin  in 
any  part  of  the  heart,  so  that  the  auricles  and  ventricles  beat  inde- 
pendently. This  is  a  common  result  of  over- stimulation  of  the  cardiac 
muscle.  It  ends  in  fibrillary  contractions  and  paralysi;.  The  output 
of  the  heart  is  lessened  by  large  doses.  These  changes  result  from 
an  incipient  rigor  of  the  cardiac  muscle. 


FeiD    Mr 
itricafij. 

;    (b)   to    (d),   increuing  concm- 

ibbiL     Caffcio   iajecled   U    X. 

(B)  Effect  on  "the  Entire  Cironlation, —  This  differs,  not 
only  with  the  dose,  but  also  with  the  somewhat  variable 
interaction  of  the  vasomotor,  vagus,  and  cardiac  effects. 
The  typical  results  are  shown  in  Fig.  50  A.  Therapeutic 
doses  (b)  increase  the  rate  of  the  heart,  but  lessen  its  force. 
The  output  may  be  somewhat  increased,  and  this,  with  the 
stimulation  of  the  vasomotor  center,  may  cause  a  fair  and 
sustained  rise  of  blood-pressure,  as  shown  in  the  tracing. 
However,  this  is  very  uncertain,  since  it  is  difficult  to  ad- 
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just  the  dose  properly.     This  stage  is  also  accompanied  by 
palpitation.* 

The  larger  respirator;  variations  in  (b)  are  due  to  increased  respira- 

With  larger  doses  of  caffein,  the  primaty  quickening  is  followed,  in 
about  half  the  cases,  by  a  slowing  (Fig.  50  A  c),  the  cafFein  stimulat- 
ing the  vagtu  center.  This  stimulation  soon  passes  off,  as  in  (d). 
The  pressure  is  at  times  fairly  low,  as  in  (d),  at  others  high,  as  in 
te).  The  quickening  is  not  due  to  paralysis  of  the  peripheral  vagus 
mechanism^  for  electric  stimulation  (f)  causes  prompt  stoppage  of 
the  heart. 

The  cerebral  circulation  shows  marked  constriction  (AJiprandi, 
1905). 

(C)  The  Effect  upon  Ketabolism. —  Caffein  causes  a  slight 
rise  of  temperature,  partly  by  its  action  on  the  central  ner- 
vous system,  and  especially  by  its  direct  muscular  effects. 
In  consequence  of  this,  it  also  increases  the  metabolism  — 
t.  e.,  the  production  of  urea  and  CO^.  The  older  statements 
that  it  lessens  metabolism  are  erroneous. 

(D)  The  Effect  upon  the  Kidneys.* —  Under  certain  con- 
ditions caffein,  and  especially  the  other  members  of  the 
series,  may  cause  a  considerable  increase  in  the  secretion  of 
urine.  In  man,  for  instance,  0.5  Gm.  of  cafFein  increased 
the  quantity  of  urine  42%  above  that  secreted  on  the  same 
allowance  of  water,  but  without  the  caffein  (Raphael, 
1894).  The  increase  also  involves  the  absolute  quantity  of 
urinary  solids,  but  not  in  the  same  proportion,  the  concen- 
tration being  diminished. 

This  diuretic  action  is  peripheral,  and  does  not  depend 
upon  changes  of  the  general  circulation.  Its  mechanism  is 
not  clearly  understood,  but  it  is  commonly  assumed  to  con- 
sist in  a  direct  stimulation  of  the  secretory  epithelium.  The 
caffein  group  differs  from  the  peripheral  diuretics  in  that  it 
does  not  tend  to  produce  renal  irritation.  ■ 

An  older  explanation  referred  the  diuresis  to  increased  blood- 
pressure.  Von  Sehrocder  {1886  and  1887)  and  Langgaard,  however, 
showed  -ndependently  that  the  effects  on  the  urine  and  on  the  gen- 
eral blood-pressure  bear  no  relation  to  each  other.  Indeed,  the  rise 
of  pressure  tends  to  interfere  with  the  diuresis,  since  it  depends 
mainly  on  vaso- constriction  —  a  larger  diuretic  effect  being  obtained 
by    counteracting    the    constriction    hy    chloral,    section    of    the    renal 

<  Pilpitation  is  a  purely  Miuory  pfacnoRienon.  vhich  ni>;  be  eanHd  either 
by  an  increMed  activity  of  the  heirt,  u  in  thi»  csm.  or  by  in  increiKd  eidU- 
hnilT   of  tlie  lentoiy  nervee. 

^E«erei»e  6j. 
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nerves,  or  by  using  small  doses,  or  theobroniin,  which  acts  to  a  lesser 
degree  on  the  medullary  centers,  Caffein  is  also  diuretic  in  excised 
bidn^s,  so  that  its  action  must  be  peripheral. 

Caffein  causes  an  increase  of  the  veinflow  and  of  the  volume  in 
excised,  artificially  perfused  kidneys,  and  the  same  phenomena  occur 
commonly  in  the  body.  They  imply  a  dilation  of  the  renal  arterioles, 
of  peripheral  origin,  and  consequently  a  higher  filtration  pressure. 
This  is  in  line  with  the  observations  of  Hellin  and  Spiro  (1897)  that 
caffein  diuresis  is  prevented  by  the  nephritic  poisons  which  act  on  the 
glomeruli,  and  not  by  those  which  act  on  the  tubules.  It  is  not, 
however,  the  essential  factor  in  the  production  of  the  diuresis,  for 
the  urine  is  commonly  increased  even  when  the  peripheral  dilator 
action  is  over-compensated  by  stimulation  of  the  constrictor  center 
(Phillips  and  Bradford,  1S87). 

The  renal  dilation  is  peripheral,  since  it  occurs  in  excised  kidneys. 
Loewi  (1904)  found  the  veinflow  increased  even  when  dilation  of 
the  kidney  was  prevented  by  incasing  it  In  plaster  of  Paris.  The 
caffein  must  therefor  diminish  the  size  of  the  renal  cells.  This  has 
been  demonstrated  histologically  by  Von  Sobieranski,  Filehne  (igoz) 
showed  that  the  absorbing  power  of  renal  cells  is  diminished  dur- 
ing caffein  diuresis.  The  increased  bloodflow  is  therefor  due  to  a 
lesser  compression  of  the  vessels  by  the  smaller  cells,  rather  than  to 
a  direct  action  on  the  arterial  muscle.  Von  Sobieranski  {,'1895)  ex- 
plained the  diuretic  action  of  caffein  by  the  theory  that  it  paralyzed 
the  reabsorbing  mechanism  assumed  by  Ludwig's  theory ;  but  the  ex- 
perimental support  of  his  view  is  inconclusive. 

Anten  (igoi)  found  thai  the  percentage  of  ehlorids  was  lessened 
during  caffein  diuresis,  whilst  thai  of  urea  was  unchanged.  This  may 
be  interpreted  in  support  of  the  view  that  caffein  stimulates  the  se- 
cretion  of   urea   apart    from   its   action   on   the   watery  portion   of   the 

the  ex- 
dogs,  nor  in 

Dogs  often  tail  to  respond  to  caffein,  but  do  so  if  the  vagi  are 
divided.  Anten  showed  that  this  is  due  to  an  inhibitory  effect  of 
the  vagus  center  on  the  renal  cells. 

The  absence  of  irritation  in  caffein  or  theobromin  diuresis  is  shown 
by  the  observations  of  Emerson  (1902)  and  of  Sollmann  and  Mc- 
Comb  ( t8g8)  that  the  percentage  of  albumin  is  not  increased,  and 
that,  therefore,  no  injury  was  caused  in  these  cases.  Their  only 
danger  would  lie  in  the  increased  work  which  they  put  on  the  kidney. 
(Theophyllin,  however,  does  not  seem  to  be  free  from  irritation  — 
Pouchet  and  Chevalier,  1903.)  On  the  other  hand,  the  usefulness  of 
these  drugs  is  lessened  by  the  fact  that  they  cannot  act  if  the  renal 
elements  are  greatly  changed  and  their  action  does  not  seem  to  be 
sustained  well  on  continuous  administration  (Le  Noir  and  Camus, 
190^). 

Caffein,  so  far  as  known,  has  no  effect  on  other  gland  cells,  nor  upon 
muicU-nenv  endings,  nor  upon  ganglia. 

Caffein  causes  a  peculiar  vacuolization  and  condensation  tn  the  pro- 
toplasm of  the  ameba  and  other  infusoria,  due  probably  to  its  basic 
nature. 

Small  doses  increase  the  movement  of  leucocytes  in  shed  blood, 
whilst  large  doses  kill  them.  It  has  no  effecl  on  the  red  corpuscles, 
nor  on  fibrin  formation. 
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IV.  ABSORPTION,  FATE,  EXCRETION. 

Caffein  is  rapidly  absorbed.'  In  its  passage  through  the 
body  it  undergoes  change,  only  a  small  part  being  excreted 
unaltered  (8  to  21%  of  caffein,  32%  of  theobromin). 

The  change  consists  largely  in  the  loss  of  methyl 
groups,  the  caflFein  (tri-methyl-xanthin)  being  converted 
into  di-  and  mono-methyl-xanthins.  Only  30%  to  40% 
are  excreted  in  this  way.  On  account  of  the  similar  com- 
position one  might  be  tempted  to  suppose  that  the  rest  of 
the  caffein  is  converted  into  uric  acid.  This  is,  however, 
not  the  case,  the  oxidation  being  more  complete  and  proba- 
bly reaching  urea.  Of  the  other  members  of  the  series, 
theobromin  suffers  a  similar  fate,  but  a  larger  percentage 
is  excreted  unchanged.  The  greater  part  leaves  as  hetero- 
xanthin.  Hypoxanthin  and  xanthin  are  excreted  largely 
as  uric  acid. 

V.  DIFFERENCES  IN  THE  MEMBERS  OF  THE  GROUP. 

Caffein  has  the  strongest  action  on  the  central  nervous 
system.  Paraxanthin  is  the  most  diuretic  member  of  the 
group,  then  comes  theophyllin  (theocin),  then  theobromin, 
and  lastly  caffein.  The  mono-methyl-xanthins  are  also  diu- 
retic. The  action  on  the  muscle  is  parallel  to  the  diuresis, 
Purin  causes  a  central  stimulation,  followed  by  paralysis. 
Its  action  on  muscle  is  weak,  Xanthin  also  has  only  a  very 
weak  diuretic  action.  Uric  acid  does  not  share  the  charac- 
ters of  the  group. 

VI.  TOXICOLOGY. 

Th«  toxicology  of  caffein  is  unimportant.  The  symptoms  produced 
by  large,  but  not  fatal,  doses  have  been  sufficiently  discussed ;  those 
arising  from  the  central  nen'otu  system  are :  excitement,  increased 
reflex  irritability,  tremors,  etc.  These  predominate,  and  are  asso- 
ciated with  paipitaiion  and  quickened,   irregular  pulse. 

Fatal  doses  —  very  rare  in  man' — show  tetanus,  coma,  and  death, 
usually  by  paralysis  of  the  heart.     There  are  no  post-mortem  lesions. 

The  treatment  would  consist  in  evacuation,  and  hromids  or  other 
narcotics.  The  usual  chemic  antidotes  are  of  little  value,  with  the 
possible  exception  of  permanganate. 

'Vll.  THERAPEUTICS. 

(/4>  Th^  Effects  upon  the  Spinal  Centers.— These  are  not  much 
otilized,  since  the  same  effects  are  obtained  by  strychnin  in  a  better 
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and    purer    form.    Strychnin   avoids    especially    the    action    upon   the 
brain  (wakefulness)  and  heart  (palpitation). 

(B)  The  Effect  upon  the  Medullary  Cenleri. —  Here,  also,  strychnin 
is  preferred  in  almost  all  cases  where  it  is  at  hand,  for  doses  of 
caffein  large  enough  to  affect  the  medulla  are  apt  to  have  the  above 
side-effects. 

In  cases  of  narcotic  poisoning,  where  strychnin  is  often 
not  at  hand,  and  especially  in  morphin  and  alcohol  poison- 
ing, where  it  is  wished  to  stimulate  the  brain  as  well,  this 
drug  is  very  useful.  Caffein  forms  a  useful  addition  to 
drugs,  such  as  the  antipyrin  series,  in  which  depression  of 
the  central  nervous  system  is  an  undesired  side-actioh. 

It  may  also  be  of  great  service  in  certain  cases  of  asthma. 

The  use  of  caffein  in  migraine  is  entirely  empirical,  since 
the  nature  of  this  disease  is  not  known.  It  is  undoubtedly 
useful,  especially  in  the  combination  known  as  migrainin.' 
It  is  also  used  in  trigeminal  neuralgia,  and  often  gives  re- 
lief. It  is  possible  that  these  actions  are  due  to  the  effect 
on  the  higher  centers.  Caffein  may  be  similarly  useful  in 
nervous  dyspepsias. 

( C)  Its  effects  on  the  brain  are  the  most  important,  but 
can  be  better  discussed  under  its  habitual  use. 

(£>)  Effect  upon  the  Kidneys. —  The  diuretic  effect  of 
the  caffein  group  is  utilized  when  the  secretion  of  urine  is 
deficient,  or  for  the  removal  of  fluid  or  of  toxic  substances 
from  the  body.  It  is  especially  useful  in  nephritic  or  car- 
diac effusions.  When  used  in  cardiac  disease,  it  should  be 
combined  with  digitalis.  In  certain  cases,  the  caffein  diu- 
retics are  not  effective;  nor  is  the  effect  very  lasting,  even 
when  the  doses  are  repeated.  To  avoid  the  interference  of 
vaso-constriction,  the  dose  of  the  citrated  caffein  should  not 
exceed  0.5  Gm.  The  addition  of  chloral  increases  its  effi- 
ciency. The  theobromin  compounds  —  diuretin  or  agurin 
• —  are  more  certain.  The  most  effective  dose  of  these  is 
2  to  3  Gm.     Theocin  is  still  in  the  experimental  stage, 

(E)  Effect  ufon  the  Heart. —  Caffein  has  been  used  considerably  in 
heart  disease,  especially  in  stenosis  and  mitral  insufficiency.  Neither 
clinical  observation  nor  pharmacologic  experiments  have  assigned  to 
it  so  prominent  a  place  as  to  digitalis,  and  it  may  well  be  discontinued 
for  this  purpose. 

*  CaHein,  gx  antipyrin.  Sj;  citric  acid,  IS.  Uied  in  dom  of  abaiit  o.S  Gov 
(■•  (nini):    or  the  Pulv.   Aceunilidi  Comp. 
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Vlir.  CAFFEIN  BEVERAGES. 
Coffee  and  tea  are  used  principally  as  beverages,  and  to 
relieve  psychical  and  physical  fatigue.  They  may  in  some 
cases  be  substituted  for  caffein  in  therapeutics,  although 
their  effects  are  not  quite  identical  with  those  of  the  alkaloid. 
The  differences  are  due  to  the  other  constituents. 

Tea  contains  considerable  lannin,  probably  identical  with  that  of 
oak  bark.  It  is  therefore  astringent,  checks  diarrhea,  and  large  doses 
interfere  with  digestion  —  by  precipitating  proteids  and  albumoses;  by 
lessening  absorption;  and  by  irritating  the  gastric  mucosa.  With 
smaller  doses,  however,  the  degree  of  irritation  may  even  be  bene- 
ficiaJ.  The  tannin  is  extracted  rather  slowly,  so  that  tea  which  has 
been  boiled  or  infused  for  a  long  time  is  particularly  detrimental. — 
Tea  further  contains  volatile  oils,  which  give  it  the  perfume.  These 
add  greatly  to  its  acceptable  taste.  They  are  stimulant  to  the  brain, 
reinforcing  the  central  actions  of  cafFein,  The  green  tea  is  richer 
in  oil  than  the  black  variety. —  The  effects  of  the  hot  water  are  also 
important :    this   acts   as    a    reflex   stimulant,    and   as   a  diuretic    and 

Coflee  contains  a  lanniti  (in  even  greater  amount  than  lea)  ;  but 
this  differs  very  much  in  its  ehemic  and  pharmacologic  properties 
from  the  tea-tannin :  it  does  not  precipitate  proteids.  and  is  but  slightly 
astringent.  It  is  therefor  less  harmful  to  digestion.  (The  caffein  itself 
has  no  effect  on  digestion.)  The  beverage  is,  however,  even  more 
detrimental  than  tea  in  some  cases  of  dyspepsia.  This  is  due  to  the 
caifeol,  the  empyreumatic  oil  formed  in  the  roasting  of  coffee.  This 
substance  is'a  mixture,  containing  about  50%  of  furfural  alcohol,  and 
small  quantities  of  valerianic  acid,  phenols,  and  other  unknown  prod- 
ucts. The  aroma  is  due  to  a  nitrogenous  ingredient.  The  oil  is  a 
local  irritant,  which  accounts  for  digestive  disturbance.  It  also  gives 
to  coffee  a  slight  laxative  action.  The  central  actions  resemble  those 
of  caffein  and  of  the  essential  oil  of  tea. 

The  caffein-free  distillate  from  infusions  of  tea  or  roasted  coffee 
causes  an  increase  in  the  rate  of  respiration,  and  a  psychic  and  muscu- 
lar restlessness.  The  pulse  is  not  altered.  However,  some  experi- 
menters have  failed  to  find  an^  action  on  respiration.  Large  doses  of 
the  cafleol  give  rise  to  paralytic  phenomena. 

The  differences  between  the  caffein  beverages  and  the 
alkaloid  consist  therefore  in  a  greater  psychic  and  respira- 
tory stimulation  (by  the  oil);  a  greater  diuretic  action 
(  from  the  water)  ;  a  comparatively  lesser  action  on  the  heart 
and  muscles;  a  tendency  to  derange  digestion  (by  the  caffeol 
or  tea-tannin);  and  a  laxative  action  with  coffee.  The 
reflex  stimulant  effects  of  the  hot  water  also  contribute  to 
the  action. 

As  to  the  differences  between  coffee  aiMl  tea:  The  psychic  effects 
arc  greatest  with  green  tea  or  well  roasted  coffee.  Strong  tea,  espe- 
cially if  infused  for  some  time,  is  more  detrimental  to  digestion,  is 
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astringent,  and  checks  peristalsis.  Either  beverage  is  generally  con- 
traindicated  in  gastritis;  sometimes  the  one,  sometimes  the  other,  is 
belter  borne.  It  is  popularly  believed  that  coRce  injures  the  com- 
plexion. This  could  occur  through  its  action  on  digestion.  As  a 
chemic  antidote  in  alkajoidal  poisoning,  coffee  is  less  efficient  than  tea 
(see  p.  89). 

The  habitual  use  of  caifein  beverages  depends  upon  the 
pleasant  sensations  which  accompany  the  stimulation.  Caf- 
fein  in  moderate  doses  does  not  seem  to  become  noxious 
with  habitual  use.  When  the  amount  taken  is  too  large,  it 
presents  the  same  symptoms  in  persistent  form  which  are 
seen  in  acute  poisoning :  tremors,  nervousness,  palpitation, 
etc.  The  mind  also  seems  to  suffer,  and  chronic  melan- 
cholia is  a  frequent  phenomenon. 

The  excessive  use  of  these  beverages  is  apt  to  do  most 
harm  by  their  disturbing  digestion. 

The  use  of  cotTee  arose  in  Arabia  and  Egirpt  about  1450.  Coffee  and 
tea  were  introduced  into  Europe  about  the  last  quaver  of  the  seven- 
teenth century,  a  period  which  was  characterized  by  the  common  intro- 
duction of  many  new  products,  such  as  the  potato,  cinchona,  tobacco, 

and  chocolate. 

Whilst  the  consumption  of  the  cafFein  beverages  is  ordi- 
narily a  mere  luxury,  pleasant  but  otherwise  useless,  it  may 
have  a  distinct  value  in  special  conditions. 

The  principal  benefit  derived  from  these  beverages  is  a 
diminution  of  fatigue,  mental  and  muscular.  The  action  on 
mental  fatigue  is  accounted  for  by  the  stimulation  of  the 
psychic  areas,  an  action  greatly  enhanced  by  the  volatile 
by-products.  For  this  purpose  one  should,  therefore,  em- 
ploy well-roasted  coffee  or  green  tea  with  short  infusion. 
These  would  also  be  especially  active  in  producing  wake- 
fulness. 

The  effect  upon  the  muscular  fatigue  may  be  explained 
both  by  easier  transmission  of  reflexes  (a  given  stimulus 
reaching  the  muscle  more  readily)  and  by  increased  con- 
tractility and  excitability  of  the  muscle-fibers  themselves. 

This  action  has  been  demonstrated  beyond  a  doubt;  e.  g.,  soldiers 
can  endure  more  severe  marches  when  given  coffee.  It  can  also  be 
demonstrated  with  the  ergograph.  It  will  occur  only  if  the  amount 
of  energy-yielding  substance  in  the  muscle  has  not  been  exhausted, 
and  will  not  have  any  effect  after  fasting.  Sugar  is  then  the  most 
efficient  means  for  the  relief  of  fatigue.  The  effect  of  caftein  is 
never  very  prolonged,  but  is  not  followed  by  depression. 
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Coffee  is  sometimes  used  against  hunger.  It  acts  only 
by  covering  up  the  condition  through  the  exhilaration  which 
it  produces,  and  cannot  be  of  any  real  benefit.  On  the 
contrary,  the  metabolism  is  increased. 

Cocoa  and  chocolate  are  also  used  as  mild  stimulants, 
their  effects  being  less  pronounced  than  with  the  others. 
On  account  of  the  large  amount  of  fatty  matter  which  they 
contain,  they  are  to  some  extent  nutritious,  although  this 
fat  is  not  very  digestible. 

Coffee  and  chocolate  are  also  used  to  cover  up  the  taste 
of  medicines ;  e.  g.,  iron,  quinin,  bitter  substances,  castor  oil, 
cod-liver  oil,  etc. 

MATERIA  MEDICA. 

The  crude  drugs  of  this  family  are  mainly  articles  of  consumption, 
and  are  not  official,  with  the  exception  of  Guarana.  The  National 
Formulary  gives  directions  for  the  preparation  of  fluidextracts  o£ 
cofFee,  tea,  and  kola,  and  for  syrup  of  coffee.  These  are  used  mainly 
for   flavoring.    All   the  preparations  are  miscible   with    water  or   al- 

•  Caffca. — Coffee. —  Seed  of  Coffeo  Arabica,  Ruhiacese.'  Native  of 
Arabia  and  Abyssinia,  cultivated  in  all  tropical  countries. 

Caftein,  I  to  i-S'^a;  caffeotannic  acid.  6  to  34%. 

Tiie  leaves  also  contain  caltein,  and  are  used  by  the  natives  in  the 
same  manner  as  tea. 

In  the  process  of  roasting,  a  very  small  amount  of  caflein  is  lost 
(depending  upon  the  degree  of  heat  used),  and  empyreumatic  oils 
("'caffeol  "),  of  unknown  composition,  are  produced. 

An  ordinary  cup  of  coffee  contains  0,1  to  0.2  Gm,  of  cafTein, 

•  Thea. —  Tea. —  Leaves  of  Camellia  Thea,  Temstricmiacex.  South- 
eastern Asia,  cultivated.  (Also  capable  of  cultivation  in  the  United 
States.) 

Caffein,  1.5  to  4%;  volatile  oil;  tannin,  5  to   15%. 
An  ordinary  cup  of  tea  contains  0.1  to  0.2  Gm.  caffein. 
The  black  and  green  teas  differ  only  in  the  treatment  to  which  the 
leaves  are  subjected  (a  fermentation  with  the  black  variety). 

•  Kob, —  Cola.—  Seed  of  Cola  acuminata,  Sterculiacea.  Tropical 
western  Africa  and  cultivated  in  West  Indies, 

Caffein,  2%;  a  little   theobromin   formed   from  glucosid  in  dry- 
ing; volatile  oil;  tannin. 
Often  roasted.    Us>;d  by  the  natives  as  masticatory  and  to  render 
had  water  palatable.    Valued  so  highly  as  to  be  used  as  money, 

Gumnan.— Guarana  {Brazilian  Cocoa),— A  dried  paste,  prepared 
by  the  Indians,  consisting  chiefly  of  the  roasted  and  pounded  seeds  of 
Paullinia  Cupotia,  Sapindacese,  northern  and  western  Brazil, 

Caffein.  4  to  5%  (at  least  3.5%,  U.S,P,);  tannin,  gums,  resm. 
volatile  oil.  ,    . 

FluidexfracturnGvarana:  3-5^  of  alkaloids.  Dose:  I  to  4  c.c,  (Yi 
to  I  drachm)   (2  c.  c,  =  30  fll-  U.  S,  P.), 
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*Mate. —  Paraguay  Tea.—  lht  leaves  of  Ilex  Paraguay ttuis,  Ilidncae. 
Brazil  and  Argentine. 

The  commercial  leaves  are  slightly  torrefied. 

CafFein,  0,2  to  1.6% ;  tannin,  10  to  16% ;  a  little  volatile  oil. 

Used  in  making  a  beverage. 

Other  species  of  Ilex  probably  also  contain  caffein,  and  some  of 
those  growing  in  the  Sou&ern  States  are  used  as  Apache  tea. 

* TheobroniB.— Coeoo  (not  to  be  confused  with  Coca').— The  fer- 
mented, dried,  and  often  roasted,  seeds  of  Tkeobroma  Cacao,  Stercn- 
liacea:.    Tropical  America,  cultivated. 

Theobromin,  1.5  to  4.5% ;  trace  caffeln ;  fat,  50%  ;  Starch,  10%  ; 

The  theobromin  does  not  exist  in  the  fresh  seed,  but  is  derived  from 
a  glucosid  during  the  proeess  of  preparation.  In  the  powdered  cacaos 
of  commerce,  part  of  the  oil  has  been  removed,  so  that  only  about  35% 


Chocolate  consists  of  melted  cacao  and  sugar  in  various  proportions, 
often  wilh  the  addition  of  flavors  or  starch. 

Caneina,     U.  S.  P.,     B.  P.—  C,H,.N.O,  +  H,0,     Tri-methyl-xanthin, 
prepared   from  any  of  the  above  plants.     The  free  base   Is  soluble  in 
45,6  water;  53,2  alcohol.    Dose:  ao6  to  0.25  Gm.   (l  to  4  grs.)    (ao65 
Gm.  =  i  grain,  U.  S.  P.). 
Preparaliont: 

C.  Citrata,  U.  S.  P.  (Caffeina  Citras,  B.  P.)  (not  a  true  salt,  but  a 
mixture  containing  So^'  each  of  caffein  and  citric  acid).— Soluble  in 
25  water.  Dose:  0.15  to  0.5  Gm.  (2  to  8  grs,)  (0.125  Gm.^a  grs., 
U.  S.  P.). 

C.  Citrata  Efferveseens,  U.  S.  P..  B.  P.  =2%  of  caffein.  Dose:  4  to 
IS  Gm.  (I  to  4  drachms)   (4  Gm.  =  i3,  U.S.P.). 

•ci:itix°AVF.\=^^  "«™^  •°'* » "  ■»"■  »■«'■ 

Elixir  CaffeiniB,  N.  F.— 1.75%.  4  c.c,  (l  drachm)  =0.06  Gm.  caffein 
(acidulated). 

Pulvis  Acelanilidi  Comp.,  U.  S.  P.,  contains  10%  of  caffein  (see 
Index). 

Theobromina,  CtH>N<0. —  The  alkaloid  of  Theobroma  Cacao.  On 
account  of  its  comparative  insolubility  (1,700  parts  of  water),  the  free 
alkaloid  is  but  rarely  used.  The  solubility  can  be  greatly  increased  by 
combining  it  with  an  alkali.  These  compounds  are,  however,  very 
caustic.  The  corrosive  action  is  greatly  reduced  by  the  addition  of 
salts,  without  lessening  the  solubility.  Such  mixtures  of  sodium- 
theobromin  with  equimolecular  quantities  of  salts  are  the  form  in 
which  theobromin  is  used  in  therapeutics.  They  are  readily  decom- 
posed by  acids,  so  that  they  must  not  be  exposed  to  the  air  (to  ex- 
clude COi),  nor  should  they  be  given  at  meal  lime  (to  avoid  the 
HCl).  The  dose  is  1.5  to  3  Cms.  (20  to  45  grains),  in  Aqua  Mentha 
Piperita.  They  are  probably  loo  caustic  to  be  used  hypodermically. 
The  older  preparation  is  TheobroinliiK  Smlio-Salicylas  iDiurelin). 
It  contains  50%  of  the  alkaloid.  The  TheobrominK  Sodia-Acetaa 
(Aguritt)  is  still  less  caustic,  avoids  the  salicylate  action,  and  con- 
tains 633%  of  alkaloid.    Both  are  very  soluble  in  warm  water, 

Theophyllin  is  found  on  the  market  under  the  name  of  Theoein. 
It  Is  a  more  efficient  diuretic,  but  it  is  doubtful  whether  this  advan- 
tage offsets  the  greater  cost  and  other  disadvantages.  It  is  diflkultly 
soluble;  dose.  0.2  to  0.3  Gm.   (3  to  S  grains). 

Cocoas  A  palm   TJeldinE  cocoa  nul. 
Coca-Erythcoirlon  Coo,  yielding  cocain. 
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(C)  PICROTOXIN  GROUP. 

This  comprises  a  number  of  bodies  closely  related  by  their  phanna- 
colc^ic  action,  and  probably  also  by  their  chemic  composition.  Of  the 
latter  little  is  known.  They  belong  to  a  group  of  non-alkaloidal,  non- 
nitrogenous  vegetable  substances,  more  soluble  in  alcohol  than  in  water, 
sometimes  called  "active  resinoids."  Some  of  them  are  glucosids. 
The  group  has  at  present  very  little  therapeutic  but  some  toxdogic 
interest. 

I.  MEMBERS. 

Picrotoxin,  the  active  constituent  of  Cocculus  indicus,  is  the  princi- 
pal member  of  the  group;  it  sphts  readily  into  picrotoxinln,  having  the 
same  action,  and  into  the  inactive  picrotin.  Other  principles  belonging 
to  this  group  are;  Ciculoxin,  from  Cicuta  virosa  —  water  hemlock. 
(Enanlhotoxin.  from  CEnanthe  crocata.  Conamyrtin,  from  Coriaria 
royrtifolia.  Dtgitaliretin  —  decomposition  product  of  digitalin  and  dig- 
italein.  Toxiresitt  —  decomposition  product  of  digitoxin.  Olfandresin 
—  decomposition  product  of  oleandnn.  Phytolacca  toxin,  mainly  from 
Phytolacca  Japonica.  A  similar  principle  exists  perhaps  in  pokeroot 
{Phytolacca  decandra)  ;  but  this  has  not  been  demonstrated. 

II.  SUMMARY  OF  ACTIONS. 

1.  Stimulation,  followed  by  paralysis,  of  the  medullary 
centers. 

2.  Some  stimulation  of  the  spina!  cord. 

III.  DETAILS  OF  ACTION. 

The  effect  upon  the  medulla:  The  principal  symptom  of  picrotoxin 
poisoning  consists  in  convulsions  of  the  type  characteristic  of  a  stimu- 
lation of  the  medulla.  They  are,  indeed,  situated  in  the  medullary  con- 
vulsion-center, since  they  are  not  atTecled  by  excision  of  the  cerebrum, 
but  practically  disappear  after  destruction  of  the  medulla.' 

This  is  especially  the  case  in  mammals.  In  the  frog,  strychnin -like 
spasms  of  spinal  origin  often  appear  shortly  after  the  medulla  is  de- 
stroyed, which  were  before  masked  by  the  more  intense  stimulation 
of  higher  centers. 

The  convulsions  are  not  so  much  dependent  upon  reflex  stimulation, 
so  that  they  are  probably  in  part  due  to  a  direct  stimulation. 

Reifiratory  center:  The  respiration  is  accelerated  before  the  con- 
vulsions. Later  it  becomes  fixed  in  the  spasm,  and  in  the  following 
collapse  may  be   slowed.     Asphyxia  may,  therefore,   occur. 

Spasms  of  the  laryngeal  muscles  leads,  with  the  Uo%.  to  distention  of 
the  body  with  air  and  to  a  characteristic  cry  similar  to  that  sometimes 
heard  with  strychnin.  With  d i git ali resin,  toxiresin,  and  oleandresin. 
thn  convulsions  are  preceded  by  immobility. 

Vasomotor  center:  There  is  a  general  rise  of  Mood  pressure,  not- 
withstanding the  slowed  pulse,  and  independent  of  the  convulsions, 
showing  a   stimulation   of  the   center. 

Vagus  center:  The  heart  is  greatly  slowed,  and  may  even  cease  for 
a  time.    After  division  of  the  vagi  the  heart  will  return  almost  to 
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normal.  There  is,  however,  some  depression  of  the  cardiac  muscle 
involved  in  this  slowing.  Later  there  may  be  a  quickening,  parti; 
due  to  stimulation  of  the  accelerator  center  and  partly  to  paralysis 
of  the  vagus  center  and  to  fatigue  of  its  endings. 

The  votnilitig,  salivary,  and  sweating  centers  are  also  excited.  The 
sweat  may,  however,  be  suppressed  by  vasomotor  constriction.  The 
emetic  effect  is   used  therapeutically  in  the  case  of  Phytolacca. 

Spinal  cord:  As  has  been  seen,  a  stimulation  of  this  structure  is 
shown,  under  suitable  conditions,  by  increased  reflex  irritability.  The 
centers  of  defecation  and  urination  may  also  be  excited.  Uterine 
s{^sms  have  also  been  observed  as  dependent  on  stimulation  of  the 
spinal  cord,  since  they  cease  upon  destruction  of  this  organ. 

With  larger  doses,  ail  the  stimulant  effects  give  way  to  paralysis. 

IV.  TOXICOLOGY. 

Poisoning  with  the  common  plant  Phytolacca  (poke- berries)  is  not 
rare.  The  Cocculus  indicus  (fish-berries)  have  been  used  for  poisoning 
fish  (in  whom  it  also  produces  medullary  stimulation  and  paralysis), 
and  this  meat  is  highly  toxic.  It  has  also  been  used  to  give  a  bitter 
taste  to  beer,  which  thus  becomes  poisonous.  2.4  Gm.  of  the  berries 
(0.015  to  0.02s  Gm.  of  picrotoxin)  are  fatal.  The  toxic  effect  some- 
times seen  on  administering  old  infusions  of  digitalis  may  also  be  due 
to  members  of  this  series.  More  direct  work  on  this  would  be  desira- 
ble. 

Several  cases  of  criminal  pierofoxin  poitoning  (used  as  "knockout 
drops  ")  have  occurred  recently.  The  poison  disappears  rapidly  during 
putrefaction  (within  one  or  two  weeks)  ;  so  that  the  toxicologic  analy- 
sis must  be  made  promptly.  The  characteristic  effect  of  the  isolated 
poison  on  the  frog  constitutes  the  best  test.  The  intensely  bitter  taste 
(discernible  in  dilutions  of  1  :  80,000)  may  arouse  suspicion. 

The  symptoms  of  poisoning  consist  in :  vomiting,  saliva- 
tion, acceleration  of  respiration,  slowing  of  pulse  and  pal- 
pitation of  heart.  These  are  rapidly  followed  by  stupor 
and  unconsciousness.  In  J^  to  3  hours  this  again  is  suc- 
ceeded by  convulsions,  which  may  be  rqieated  several  times. 
Death  occurs  by  asphyxia. 

Treatment. —  The  chemic  alkaloidal  prectpitants  would 
not  be  efficient.  The  best  treatment  would  be  emetics  (if 
vomiting  has  not  occurred),  permanganate,  chloral,  and 
chloroform.  The  combined  administration  of  chloral,  mor- 
phin,  and  minimal  doses  of  atropin  has  recently  been  recom- 
mended as  the  result  of  animal  experiments. 

V.  THERAPEUTICS. 
The  medullary  stimulation  produced  by  this  group  would 
be  highly  important  if  we  could  find  members  which  were 
quickly  and  certainly  absorbed.     This  has  not  been  accom- 
plished so  far.  the  action  being  uncertain  and  difficult  tcr  con- 


.d  by  Google 


VASOMOTOR   CENTER.  177 

trol.  Coriamyrtin  holds  forth  some  promise,  but  has  not 
been  sufficiently  tried.  The  indications  for  their  use  would 
be  the  same  as  those  for  strychnin  (medullary  effect). 
Phytolacca  has  been  used  as  an  emetic,  but  its  action  is 
uncertain  and  is  apt  to  be  followed  by  dangerous  effects. 
Picrotoxin  is  used  externally  against  pediculi ;  internally, 
against  the  night-sweats  of  phthisis,  and  in  epilepsy,  where 
its  benefits  are,  however,  doubtful. 

MATERIA  MEDICA. 

■Coccnltts  inilcu*.— Fish-berries. —The  seeds  of  Anamirla  panictt- 
lata,  Menispermacex.     East  India. 

Picrotoxin    (i   to   1.5%).  inactive  alkaloid,  resin,  fat 

Dose:    o.i  to  0.2  Gm.  (i54  to  3  grs.). 

(Decoction  used  externally  for  killing  vermin.) 
Picrotoxinnm   (B.  P.) .—  Picrotoxin. —  Neutral  principle. 

Soluble  in  9  alcohol,  240  water. 

Dose:   0.0005  to  0.002  Gm.  ('/••<  to  '/»  grain). 

*  Clcuta  vlross. —  Water  Hemlock.    Europe. 
Cicuta  maculala  and  bulbifera.     United  Stales. 

Umbellifera.     Of  some  toxicologic  interest.' 
•Phytolacca     Fmctna.— Pofcc-ft^rry.— The     fruit    of    Phytolacca 
decandra,   PhytolaccaceK.     Norlh  America. 

Irritant  principles,  gum,  coloring- matter. 
Phytolacca  (U.  S.  P.).— The  root  of  the  above. 
Constituents  as  above;  also  tannin  and  oils. 
Average  Dose  (U.S.  P.):  Emetic,  I  Gm.  (iSgr.);  Alterative, 

0.125  Gm.   (3  gr.). 

Fluidexlracium    Phytolacca    (U.  S.  P.) :    Dose:    as    the    drug. 

Poke-root  and  berries  are  used  popularly  as  emetics,  calhartics,   and 

"alteratives."    The    active    principles    are    not    known.    The    young 

sprouts,  collected  in   early   spring,  seem  to  be  innocuous,  as   they  are 

boiled  and  eaten  like  spinach. 

(D)   SUMMARIES  OF  CONVULSANT  SERIES. 

1.  DrngB  Stimalating:  the  Tasomotor  Center — A  rise  of 
blood  pressure  may  be  brought  about  by  a  quickening  of 
the  heart,  by  an  increase  of  the  volume  of  blood  thrown 
out  at  each  contraction,  or  by  a  contraction  of  the  vessels. 

The  latter  may  be  effected  peripherally,  either  through 
direct  action  on  the  muscles  or  the  endings,  or  it  may  be 
effected  through  the  vasomotor  center. 

The  vasomotor  cenier  may  be  stimulated: 

I.  Reflexly,  through  stimulation  of  the  sensory  nerves. 

'  Description   and   illualrationi  of  the   poisonous   plants  of   the   United   States 
■re   giien   in    Bulletin    10,   prepared   by   Mr.   V.   K.    Chesout    and   issued    by   the 
DiTisun  of   Bouny,   U.   S.  Depsrtmetii  of  Agriculture   (1898). 
•  Not  olficisl. 
Stud]'  Maleria  Medics  Leuon   iS. 
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2.  Directly,  through  accumulation  of  COj  in  the  blood. 

3.  Directly,  through  the  action  of  drugs. 

The  latter  alone  will  be  considered  in  this  place.  The 
following  drugs  stimulate  the  vasomotor  center  directly : 

Strychnin:  the  action  is  rapid  and  free  from  side-effects, 
but  it  is  doubtful  whether  small  doses  are  very  efficient. 
Excessive  doses  cause  paralysis  of  the  vasomotor  center. 

Caffein:  large  doses  are  required  and  such  as  will  pro- 
duce headache,  wakefulness,  and  perhaps  palpitation. 

Picrotoxin  Group:  the  action  of  this  is  confined  to  the 
medulla,  and  would  for  that  reason  be  the  most  desirable; 
however,  the  action  develops  slowly  and  is  difficult  to  con- 
trol. 

Digitalis  Group:  the  vasomotor  action  is  overshadowed 
by  a  simultaneous  stimulation  of  the  cardiac  muscle,  which 
is,  however,  usually  desirable.  The  effect  is  developed 
rather  slowly  —  in  half  an  hour. 

Groups  of  Atropin,  Aconite,  Nicottn,  Ergot,  and  Am- 
monia: the  effect  is  small,  uncertain,  and  obscured  by  side- 
actions. 

A  stimulation  of  the  vasomotor  center  will  be  useful  by 
producing  a  rise  of  the  blood  pressure.  The  benefit  will 
be  only  temporary  if  the  heart-muscle  is  weakened,  since 
the  rise  is  produced  at  the  expense  of  the  heart;  i.  e.,  by 
increasing  its  work.  The  benefit  is  more  permanent  when 
the  center  is  depressed,  as  in  shock,  narcotics,  or  in  partial 
paralysis  of  the  center. 

The  direct  stimulation  of  the  center  by  drugs  (strychnin) 
has  the  advantage  over  reHex  stimulation  in  that  it  can  be 
maintained  continuously  for  a  much  longer  time.  Reflex 
stimulation  is  more  useful  when  a  short  but  quick  stimula- 
tion is  desired. 

2.  ReapiratoiT  Stimulaiitg:  i.  e.,  those  conditions  which 
quicken  or  deepen  the  respiration  through  a  stimulation  of 
the  respiratory  center. 

This  stimulation  may  be: 

r.  Reflex,  from  stimulation  of  peripheral  nerves. 

2.  Direct,  through  an  increase  in  temperature  or  venosity 
of  the  blood. 

3.  Direct,  through  drugs. 

Drugs  stimulating  the  respiratory  center  directly: 

Strychnin  has  a  quick  and  powerful  action,  practically 
free  from  undesired  side-effects,  but  the  effect  is  not  lasting. 
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Caffein  acts  more  slowly,  but  is  more  lasting ;  it  produces 
wakefulness,  etc. 

Atropin:  the  effect  is  not  so  very  great,  but  since  it  also 
paralyzes  the  bronchial  muscles  and  dries  the  bronchial 
secretion,  it  is  especially  indicated  in  asthmatic  conditions. 

With  the  groups  of  picrotoxin,  HCN,  and  NHf,  the 
action  is  uncertain  and  impure. 

Indication  for  these  remedies  is  lowered  activity  of  the 
respiratory  center,  such  as  may  occur  in  exhausting  dis- 
eases ;  fatigue,  as  in  asthma ;  or  in  depression  by  drugs 
(narcotics). 

3.  CoaTBlianto. —  As  far  as  these  have  toxicologic  im- 
portance : 

Convulsions  may  be  produced  by  asphyxia  or  through 
direct  stimulation  of  the  convulsion  centers. 

Asphyxiai  convulsions  can  be  removed  by  artificial  respi- 
ration. They  occur  in  the  course  of  poisoning  by  many 
drugs  which  depress  the  respiratory  center  or  interfere 
mechanically  with  the  admission  of  air  into  the  alveoli.  To 
the  former  belong  chloroform  and  anesthetics;  to  the  latter, 
CO,  CO,,  and  N^O. 

Drugs  may  stimulate  the  center  either  in : 

Motar  areas,      )  The  convulsions  are  epileptiform  or  chorei- 
Pons,  Medulla,  i      (arm ;  if  tonic,  there  is  etnprosthotonos. 
Spinal  cord:      )  The  convulsions  are  tetanic;  opisthotonos. 

Usually  the  seat  of  the  convulsion  is  more  or  less  widely 
spread,  and  there  is  perhaps  no  drug  which  affects  exclu- 
sively one  of  these  centers. 


4.  Shock  or  Ccdlapie. —  Shock  or  collapse  may  be  defined 
as  a  sudden  depression  of  the  activity  of  the  medullary 
center.  If  this  depression  results  from  a  reflex,  it  is  called 
shock;  if  produced  directly,  collapse.  Shock  is  ordinarily 
produced  by  traumatism;  it  consists  probably  in  a  reflex 
inhibition. 

Some  authors  reserve  the  term  "shock"  for  the  more 
severe  grades  of  depression,  applying  "collapse"  to  the 
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lighter  grades,  regardless  of  whether  the  effect  is  direct 
or  indirect.     The  first  definition  appears  more  useful. 

Collapse  may  be  produced  by  anemia,  asphyxia,  or  drugs. 

In  any  case  there  is  an  involvement  of  the  vasomotor  and 
respiratory  centers,  also  of  the  cardiac  (vagus)  center;  but 
the  latter  is  of  very  little  practical  importance.  The  vaso- 
motor paralysis  is  the  gravest  source  of  danger. 

Depression  of  the  heart  may  be  the  cause  of  the  anemia. 

Drugs  causing  collapse: 
I.  Indirectly: 

r.  All  which  stop  the  heart. 

2.  AH  those  which  interfere  mechanically  with  respira- 
tion. 
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Fig.     ii.—  Etltct    of    Himorrhaet    and    Soli 
dog.     r«)    Normal    Itacing;    (b)    *     "      ' 

■nd  ihow   the   further    recovery. 
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3.  Those    which    produce    a    violent    reflex    irritation 

(caustics).     This  is  really  "shock." 

//.  Directly:   i.  e.,  those  in  which  the  collapse  is  not  pre- 
ceded by  other  conspicuous  symptoms: 
Cocain,    Physostigmin,    Benzol     derivatives     (aromatic 

series),  Hydrocarbon  narcotics. 

Treatment  of  Collapse  and  Shock. —  The  treatment  of  these  con- 
ditions should  be  directed  to  removing  the  cause,  if  possible ;  and  to 
meeting  the  symptoms.  As  regards  the  iympiomatk  Irealment,  the 
retpiraiion  should  always  receive  attention.  Strychnin,  caffejn  or  atro- 
I>in.  hypodermic  or  rectal  injections  of  camphor,  and  artificial  respira- 
tion are  used  according  to  the  requirements  of  the  case.  These  may 
suffice  in  light  cases ;  but  in  severe  shock  the  vasomolor  depression 
requires  the  greatest  attention.    The  same  direct  and  reflex  stimulant 
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neasures  which  are  used  to  improve  the  respiration  also  react  favora- 
Wy  on  the  circulation ;  but  they  do  not  suffice  in  severe  cases,  since  the 
depressed  vasomotor  center  reacts  very  sluggishly  or  not  at  all.  Every 
effort  must  be  made  to  maintain  an  efficient  blood -pressure  in  the 
medullary  and  coronary  circulation.  This  can  be  done  by  forcing  all 
available  blood  toward  the  head,  by  lowering  the  head  of  the  patient 
or  by  tightly  bandaging  the  extremities.  Crile  employs  a  pneumatic 
suit  for  this  purpose.  This  is  inflated,  producing  any  desired  degree 
of  compression.  The  intravenous  injection  of  suprarenal  alkaloid  is 
also  effective,  even  when  the  vasomotor  center  is  completely  paralyzed, 
but  more  experiments  are  needed  before  its  use  on  patients  can  be 
endorsed. 

The  intravenous,  intraperitoneal  or  hypodermic  injection  of  300  to 
1,000  c.c.  of  normal  inline  solution  (0.9%  NaCI),  of  a  temperature  of 
40  to  45°  C  (104  to  113°  F.),  produces  respiratory  and  vasomotor 
stimulation,  mainly  by  increasing  the  mass  of  circulating  fluid.  The 
effect  is  of  distinct  temporary  bienetit,  but  is  not  lasting  in  ordinary 
shock  or  collapse.  The  effect  can  be  somewhat  improved  by  using 
0.5%  of  sodium  bicarbonate  in  o.S%  NaCl  (Dawson,  1905).  In  normal 
animals,  the  rise  of  blood  press4ire  is  very  small.  However,  in  the 
form  of  collapse  produced  by  severe  hemorrhage,  saline  injection  has 
an  excellent  and  persistent  effect  (Fig.  51).  Cooling  should  be  pre* 
vented  by  the  application  of  heat. 


CHAPTER  IX. 
ALKALOIDAL  HYPNOTICS. 

(A)  MORPHIN  GROUP. 

I.  MEMBERS. 

The  members  are  mainly  the  various  opium  alkaloids: 
Morphin,  codein,  narcotin,  papaverin ;  also  the  esters  ob- 
tained by  replacing  one  or  two  H  atoms  in  morphin  by 
radicles:  Heroin  (^  diacetyl  morphin)  ;  Dionin(=  ethyl- 
morphin) ;  Peronin  (^benzylmorphin).^ 

11.  SUMMARY  OF  ACTIONS. 

1.  Simultaneous  stimulation  and  depression  of  different 
parts  of  the  central  nervous  system. 

2.  A  local  action  on  the  peristaltic  mechanism  of  the  in- 
testine. 

3.  In  large  doses,  a  paralysis  of  the  heart  muscle. 
(There  is  no  effect  upon  the  peripheral  sensory  nerves.) 

'  Codein    ii   a    nitnral    Bubfftitution    product    of    the    lame    iypt.    i.    e.    melbyl 
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1.  Central  Neirona  System.! —  <A)  The  Brain.^ — (a)  In 
the  frog  the  development  of  the  symptoms  corresponds 
exactly  to  progressive  removal  of  the  brain.  They  can  be 
well  made  out  if  the  poisonii^  is  slow.  The  depression 
begins  with  the  heimspheres.  There  is  a  diminution,  and 
then  absence,  of  spontaneous  movements;  but  when  aroused, 
the  animal  will  act  quite  normally.  It  sits  in  the  normal 
position,  shows  the  croaking  reflex,  and  will  climb  up  an 
inclined  plane.  When  placed  in  a  tumbler  filled  with  water 
and  inverted  in  a  large  vessel  of  water,  it  will  at  first  leave 
the  glass,  but  later  on  it  will  not  do  so.  At  this  time  it 
will  not  avoid  obstacles  in  jumping.  The  lower  brain  is 
next  involved,  this  being  shown  in  an  incoordination  of 
movements.  When  placed  on  its  back,  the  animal  will 
make  efforts  to  turn,  without  being  able  to  do  so.  Later 
it  will  lie  quiet.  The  spinal  cord  is  then  involved  and  the 
reflexes  are  lessened. 

After  the  animal  has  remained  in  this  depressed  condition 
for  a  variable  time  a  secondary  tetanus  sets  in.  This  is  of 
the  strychnin  type.  It  usually  passes  into  complete  paraly- 
sis.   The  heart  is  still  beating  at  this  stage. 

(&)  In  mammals  the  course  is  similar,  ahhough  there  is 
not  such  an  isolation  of  the  symptoms,  both  because  the 
centers  are  more  intimately  correlated  and  because  the  ac- 
tion is  more  rapid.  The  secondary  tetanus  is  less  promi- 
nent, but  in  small  animals  quite  manifest.  A  stimulation 
of  various  higher  centers  of  the  nervous  system,  simul- 
taneous with  the  depression  of  others,  is  much  more  con- 
spicuous than  in  the  frog. 

One  or  the  other  of  these  two  sets  of  actions,  stimulation  or  de- 
pression, may  predominate  in  different  animals  or  in  different  indi- 
viduals of  the  same  species.  On  account  of  these  individual  differences, 
the  symptoms  are  not  uniform,  and  it  is  impossible  to  pronounce  oa 
one  type  of  morph in-poisoning.  Each  part  of  the  central  nervous 
system  requires  separate  study. 

Hemispheres. —  In  mammals  the  first  effect,  produced  by 
doses  too  small  to  elicit  any  other  symptoms,  is  diminished 
sensibility  to  lasting  impressions.  Especially  stimuli  giving 
rise  to  pain,  cough,  and  other  disagreeable  sensations,  are 
much  diminished  in  their  effects.  With  somewhat  larger 
doses  other  persistent  external  impressions,  such  as  those 


.dbyCoogle 


MORPHIN    NARCOSIS.  183 

produced  by  light,  sound,  etc.,  are  also  weakened.  The 
sensibility  to  sudden  stimuii  is  diminished  but  not  abolished. 
It  seems  to  be  the  attention  which  suffers  mainly.  The 
impressions  reach  the  brain,  but  produce  little  effect  there, 
and,  attracting  little  attention  on  the  part  of  the  animal, 
are  neglected.  The  faculty  of  memorizing  also  suffers 
severely  (Weygandt,  1903).  These  conditions  exist  in 
practically  all  animals  possessed  of  a  higher  brain. 

In  larger  doses  morphin  affects  other  portions  of  the 
hemispheres  besides  those  having  to  do  with  external  im- 
pressions, and  the  effects  upon  these  are  variable.  Its 
typical  effect  in  man  is  to  produce  quietness,  which,  aided 
by  suppression  of  external  stimuli,  passess  into  a  dreamy, 
abstracted  condition,  or  into  torpor,  sleep,  and  coma,  ac- 
cording to  the  dose. 

Tht  milder  degrees  of  tiarcosis'  are  mainly  due  to  the  blunting 
of  the  attention  —  to  the  exclusion  of  external  stimuli  —  and  not  to 
depression  of  the  entire  cerebrum.  This  is  indicated  by  the  fad  that 
the  sleep  produced  by  small  doses  is  refreshing,  and  the  patient  can 
be  readily  and  completely  awakened.  Other  facts  point  to  the  same 
conclusion.  The  sleep  or  coma  produced  by  large  doses,  however, 
involves  a  more  extensive  depression ;  in  the  deeper  degrees  of  nar- 
cosis it  may  be  impossible  to  arouse  the  patient  to  complete   con- 


;  is  no!  seen  in  all  animals.  It  is  the  usual  effect  in 
man,  in  the  dog,  rabbit,  guinea  pig,  white  rat,  moitse  and  sparrow. 
In  Oie  cat,  horse,  ass,  t>eef.  sheep,  pig  and  goat,  on  the  other  hand, 
morphin  in  moderate  doses  produces  almost  pure  excitement,  mani- 
fested by  restlessness  and  incessant  movement. 

But  even  in  this  condition  one  may  notice  the  depressing  action  upon 
the  attention,  for  the  animal  does  not  avoid  obstacles  in  a  normal 
manner,  and  when  it  comes  into  violent  contact  with  some  object,  this 
does  not  seem  to  make  any  lasting  impression  upon  it,  and  does  not 
teach  it  to  be  more  careful. 

Some  Eastern  races,  especially  the  Malays,  asj  well  as  some  individuals 
of  other  races,  most  frequently  women,  also  manifest  almost  pure 
excitement  effects,  so  that  the  morphin  produces  wakefulness  instead 
of  drowsiness.  In  many  cases  this  restlessne-ss  seem  to  precede  the 
narcotic  action,  although  not  the  lowering  of  the  attention.  Dogs 
commonly  show  marked  excitement  before  the  depression  sets  in. 

The  other  members  of  the  ^roup,  especially  codein  and  heroin,  show 
a  comparatively  slight  quietmg,  and  comparatively  strong  excitant, 
action.  With  these,  the  maximum  of  hypnosis  is  soon  reached,  and 
if  the  dose  be  raised  beyond  this  point,  the  slight  depressant  action 
disappears  entirely  and  is  replaced  by  excitement.  These  phenomena 
seem  analogous  to  the  secondary  tetanus.  Different  animals  show  the 
same  differences  with  regard  to  the  narcotic  and  stimulating  actions 
of  these  derivatives  as  they  do  with  morphin. 

'Worifllir*  »r«  lubstuiccs  hiving  the  proptrty  of  sluP»frmR.  The  rol- 
lowing  drugs  »re  claued  undCT  this  heading:  Aconite,  hydrocarbons.  bell»- 
doiiTia,     eannahii,    conium,     diBitalii,    huraulus,    hyostyaTH""      '■"■'■" 
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Morphin  is  by  far  the  most  active  member  of  this  series, 
as  far  as  the  hypnotic  and  analgesic  effects  are  concerned. 

The  motor  areas  may  be  very  differently  affected.  In 
dogs  one  sees  very  frequently  a  paralysis  of  the  hind  1^^ 
resulting  in  a  crouching  (hyenoid)  walk,  which  probably 
has  its  cause  in  depression  of  the  cerebral  center.  These 
animals  always  show  a  clumsiness  in  their  voluntary  move- 
ments, bearing  the  closest  resemblance  to  that  produced  by 
ablation  of  the  motor  areas.     Heroin  gives  the  same  effects. 

On  the  other  hand,  one  often  sees  epileptiform  convul- 
sions, tremors,  or  choreiform  twitchings  of  single  limbs 
which  seem  to  arise  from  irritation  of  this  center.  The 
excitability  of  the  motor  areas  to  electric  stimulation  is  not 
affected. 

On  the  special  senses  morphin  seems  to  have  no  effect. 
The  changes  which  are  noted  —  namely,  a  less  acute  per- 
ception —  can  be  accounted  for  entirely  by  disturbance  in 
the  attention.  On  the  other  hand,  the  reflexes  to  which 
they  give  rise  when  suddenly  excited,  are  increased.  This 
depends  upon  the  heightened  excitability  of  the  spinal  cord. 

The  imagination  is  peculiarly  affected.  In  most  people 
the  period  of  abstraction  and  light  sleep  is  filled  with  dreams 
which  are  usually  pleasant. 

At  least  the  greater  part  of  this  may  be  ascribed  to  the  suppression 
of  the  exlemal,  and  especially  of  unpleasant,  impressions.  Whether 
there  is  also  a  stimulation  of  an  "  imagination  center "  must  be  left 
undecided.  Perhaps  the  aphrodisiac  effects  can  he  explained  by  this 
unrestrained  imagination,  perhaps  also  by  stimulation  of  the  center  in 
the  cord,  for  the  more  stimulating  members  of  the  group,  such  as 
heroin,  produce  erection  in  dogs.  In  man,  on  the  other  hand,  heroin 
is  said  to  act  as  an  anaphrodisiac. 

(B)  The  Medulla. —  The  effects  upon  the  medulla  are 
very  characteristic.  There  is  less  variation  in  individuals. 
but  the  separate  centers  show  a  very  different  reaction. 

(a)  The  Respiratory  Center. —  Morphin  depresses  this 
center.  The  respiration  is  rendered  slower  and  more  shal- 
low by  small  doses,  and  the  volume  of  air  respired  in  a 
given  time  is  diminished,*  The  CO^  of  the  blood  therefore 
rises,  although  less  oxygen  is  consumed  on  account  of  the 
quieting  influence  of  the  morphin.     The  sensitiveness  of 

'  ■  Tn  the  dog.  ihc  primary  Etawins  of  ihe  respiraiion  i)  slmosl  InTariabl]' 
followed  by  a  sudden  large  mcrrssc  (the  isIc  may  riK  in  ten  Dimulcs  from 
14   to  J34.)     Tbis  is  again    auc«»lcd   by   alowing. 
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the  center  to  reflex  stimulation  (such  as  g;ives  rise  to  cough) 
is  also  greatly  diminished.  Larger  doses  cause  further  de- 
pression, the  respiration  becoming  very  slow,  shallow  and 
irr^ular,  and  often  assuming  the  intermittent,  Cheyne- 
Stokes  type. 

The  phenomenon  of  Cheyne^Stokes  reiplrmtlon  consists  in  an  alter- 
nation of  short  periods  of  efficient  respiration  with  long  periods  during 
which  the  respiration  is  very  slow  and  feeble.  The  periods  shade  into 
each  other  gradually  (see  Fig.  52). 

Cheyne-Stokes  respiration  is  produced  by  a  large  number  of  drugs 
which  have  in  common  a  depression  of  the  respiratory  center. 

The  inefficient  respiration  leads  to  asphyxia,  with  the 
effects  described  on  page  147.  The  asphyxial  convulsions 
are  often  absent,  especially  in  man,  on  account  of  the  de- 
pression of  the  central  nervous  system.  The  asphyxia  con- 
stitutes the  usual  cause  of  death. 


Fie.  Si-— Chejne- Stoke*  H«»piration   (HCN  poiionioK,   dog). 

The  action  of  Heroin  on  the  respiration  differs  somewhat 
from  that  of  morphin.  This  drug  also  depresses  the  sensi- 
tiveness of  the  respiratory  center,  but  much  more  to  reflex 
stimulation  (cough)  than  to  direct  stimulation  (venosity 
of  the  blood).  Therapeutic  doses  slow  the  rate  (by  S^%)y 
but  increase  the  depth  and  force  of  the  respiration,  par- 
ticularly of  inspiration.  The  volume  of  the  individual  res- 
pirations is  therefore  increased  (by  40%).  The  total 
quantity  of  air  respired  in  a  given  time  is  but  little  altered; 
and  the  CO2  of  the  blood  is  very  little  increased.  Larger 
doses  act  like  morphin. 

Heroin  is  therefore  somewhat  superior  to  morphin  in 
cough ;  the  more  so  since  it  is  less  apt  to  create  a  habit ;  and 
also  because  the  therapeutic  dose  and  the  toxic  dose  lie  far- 
ther apart.  (Although  the  absolute  fatal  dose  of  heroin  is 
smaller  than  that  of  morphin,  it  exceeds  the  therapeutic  dose 
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200  times;  whilst  with  morphin  the  difference  is  only  8o 
times,  in  rabbits.)  The  predilection  of  heroin  for  this  cai- 
ter  is  so  pronounced,  that  this  action  can  be  obtained  by 
appropriate  doses,  without  producing  any  other  nervous 
effects.  (It  must  be  remarked,  however,  that  these  favora- 
ble results  have  not  been  obtained  by  all  experimenters. 
The  bulk  of  the  evidence  is  certainly  in  favor  of  heroin.) 

Codein,  dionin  and  peronin  are  intermediate  in  regard  to 
their  respiratory  actions,  codein  approaching  most  closely 
to  heroin.  Since  these  drugs  are  excitant  in  their  general 
actions,  they  may  increase  the  oxygen  consumption, 

(&)  Effects  on  the  Circulation. —  These  are  quite  com- 
plicated, and  therefore  variable;  but  they  have  little  prac- 
tical importance  as  they  are  only  pronounced  by  very  large 
doses. 


presented  in  the  ftdlowing  diagram: 


ove  the  alwciflsae  mi 
decreuc  or  deprcssi 


(all  below  the 


Morphin  affects  the  cardiac  muscle  and  the  vagus  and  vasomotor 
centers,  all  being  first  stimulated,  and  then  depressed.  Small  doses 
cause  a  slight  quickening  of  the  pulse  through  stimulation  of  the  car- 
diac muscle.  Larger  doses  slow  the  rate  through  vagus  stimulation, 
btrt  the  pressure  remains  normal,  the  slowing  being  compensated  bj 
the  vasomotor  stimulation.  Large  doses  depress  all  the  functions,  so 
that  the  pressure  falls  greatly.  The  respiratory  center,  however,  is 
paralyzed  before  the  circulation. 
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There  is  a  somewhat  specific  stimulation  of  the  vaso- 
dilator center  for  the  cutatieous  vessels  even  with  small 
doses.  The  skin  becomes  red.  There  is  a  feeling  of 
warmth  and  an  increased  secretion  of  sweat.  This  ery- 
thema in  higher  grades  or  in  susceptible  individuals  may 
lead  to  exanthemata.^  With  large  doses  the  skin  becomes 
pale,  through  the  vasodilatation  of  the  splanchnic  area,  and 
cyanotic  from  the  asphyxia. 

There  is  no  proof  of  any  direct  action  on  the  cerebral  circulation. 
This  will  be  lowered  indirectly  as  the  result  of  the  general  fall  of 
blood  pressure,  if  the  dose  has  been  sufficient  to  produce  the  latter 
result.  According  to  Aliprandi  (1905)  there  is  a  short  vasoconstric- 
tion, followed  by  a  lasting  dilatation. 

(c)  Effect  on  the  Pupils. —  In  man,  morphin  produces  a 
very  strong  contraction  of  the  pupil  (miosis).  This  effect 
has  no  therapeutic  application,  but  is  important  in  the  diag- 
nosis of  morphin  poisoning. 

The  miosis  occurs  after  systemic,  but  not  after  local  ap- 
plication. It  cannot  be  produced  on  an  enucleated  eyeball. 
It  is  therefore  central,  and  is  generally  attributed  to  paraly- 
sis of  the  medullary  pupillo-dilator  center. 

It  might  be  due  either  to  a  stimulation  of  the  con- 
strictor center  or  to  a  depression  of  the  dilator  center.  It 
is  probably  paralytic,  for  most  of  the  other  effects  of  mor- 
phin on  the  medulla  are  paralyzing,  and  the  miosis  persists 
in  the  highest  grades  of  poisoning,  when  stimulation  would 
scarcely  be  possible.  Further,  in  those  animals  in  which 
morphin  has  an  excitant  action  (cat),  it  produces  dilata- 
tion instead  of  contraction.  In  the  dog,  the  pupillary 
effect  is  variable,  but  usually  dilator. 

(if)  Several  effects  of  morphin  are  probably,  at  least  in 
part,  due  to  its  medullary  action :  thus,  salivation,  vomit- 
ing, sweating,  etc.  These  will  be  considered  later,  since 
the  central  nervous  system  is  only  one  of  the  factors  in- 
volved. The  sweating  is  mainly  secondary  to  the  dilata- 
tion of  the  cutaneous  vessels  and  later  to  the  asphyxia. 

The  Ifmperalure  is  towered  (sometimes  this  may  be  preceded  by  a 
slight  rise).  The  fall  may  be  as  large  as  2*  C.  with  large  doses,  the 
extent  depending,  however,  more  upon  idiosyncrasy  than  upon  the  dose. 
The  coohng  is  particularly  great  if  the  animal  is  kept  in  cold  sur- 
rotmdings.    The  cause  of  the   fall   is  a  diminished  heat  production, 

'Other  poiton*  which  dist  produce  errthema  are:  atropin.  quinin,  chloral, 
ctMl-t*i  products,  iodide,  bromid*.  antiloiic  acia,  etc. 
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which  ma^  be  reduced  by  80%  in  extreme  cases,  reaching  its  minimum 
in  the  third  hour.  The  heat  loss  is  diminished  (up  to  20%),  partly 
through  the  effort  of  the  heat  centers  to  com()ensate  for  the  dimin- 
ished production,  partly  through  the  depressed  circulation. 

(C)  Effects  upon  the  Spinal  Cord. —  Morphin  (also 
heroin,  codeiti,  and  the  other  members  of  the  group)  stimu- 
lates the  spinal  cord  after  the  manner  of  strychnin,  increas- 
ing the  reflexes,  and  in  large  doses  producing  convulsions, 
(Strychnin  is  therefore  not  a  good  antidote  for  morphin; 
one  of  the  opium  alkaloids,  thebain,  is  even  a  typical  mem- 
ber of  the  strychnin  group.) 

The  stimulation  persists  even  with  very  large  doses;  the  convulsive 
dose  is  indeed  so  lai^e  that  mammals  susceptible  to  the  depressant 
action  of  morphin  (c.  g.,  man)  die  from  paralysis  of  the  higher  cen- 
ters before  Ihe  convulsant  dose  is  reached.  In  the  frog,  the  tetanus 
develops  so  slowly  that  it  may  not  appear  until  the  paralysis  of  the 
cerebrum  has  lasted  some  hours. 

The  cause  of  the  action  of  morphin  on  the  central  nervous  system 
is  very  imperfectly  understood,  just  as  is  that  of  all  other  alkaloids. 
It  has  been  altetnpted  to  explam  its  action  by  a  change  in  cerebral 
circulation,  but  this  change  comes  late  and  is  seen  only  with  the  largest 
doses.  But  even  if  this  explanation  were  true,  it  would  not  give  any 
real  insight  into  the  cause  of  the  action,  but  only  advance  the  question 
one  step  further:  for  this  itself  would  be  due  to  depression  of  the 
vasomotor  center.  The  same  discussion  has  been  going  on  in  regard 
to  natural  sleep. 

Others  have  sought  for  histologic  changes,  but  with  the  present  meth- 
ods, unsuccessfully.  As  to  gross  changes  in  the  brain,  almost  all  drugs 
which  cause  narcosis  or  tetanus  are  said  to  produce  hyperemia  of  the 
membranes,  often  also  some  effusion  into  the  ventricles. 

2.  Peripheral  Actiom, — (a)  Morphin  and  other  members 
of  the  group  have  practically  mo  action  upon  muscle-  or 
nerve-fibers  or  endings.  Particular  stress  must  be  laid  on 
the  fact  that  the  sensory  endings  are  in  no  way  affected,  so 
that  the  local  application  of  morphin  or  opium  is  entirely 
irrational. 

But  this  is  a  practice  which  clinicians  seem  ver^  loath  to  renounce, 
and  lotions  and  local  injections  containing  morphin  are  still  very  fre- 
quently employed.  The  apparent  good  results  obtained  are  largely 
due  to  the  absorption  of  morphin  from  wounds  or  mucous  surfaces. 
It  can  even  be  absorbed  to  a  slight  extent  from  the  unbroken  skin. 
The  most  popular  form  of  this  local  use  is  the  lead  and  opium  wash, 
and  this  certainly  gives  satisfactory  results.  The  effects  are  probably 
to  be  explained  by  the  non-irritating  covering  furnished  by  the  lead 
precipitate,  and  by  the  astringent  action  of  the  lead  itself.  (The  mor- 
phin is  not  precipitated  by  the  lead.)  The  direct  application  of  codein 
destroys  the  activity  of  nerve  ganglia  and  nerve-fibers. 

The  application  of  dioniti  to  the  eye  causes  acute  edema  of  the  c<«i- 
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(b)  Effects  upon  the  Alimentary  Canal. —  Stomach. — 
Morphin,  no  matter  how  administered,  impairs  the  digestion 
and  tends  to  produce  nausea,  vomiting,  and  salivation. 

Morphin  is  excreted  very  rapidly  into  the  stomach,  but  tliere  is  no 
reason  to  assume  any  local  irritation.  The  action  is  probably  central, 
*.  e.,  an  indication  of  the  elTect  which  is  more  fully  developed  in  apo- 
morphin.  The  emetic  action  is  followed  by  depression  of  the  voiniling 
center,  at  least  in  dogs,  so  that  irritant  emetics  prove  ineffective. 

The  degree  of  nausea  varies  greatly  in  different  individuals.  It  is 
sometimes  so  severe,  and  accompanied  by  so  much  depression,  that  it 
precludes  the  use  of  morphin.    It  may  be  lessened  by  bromids,  in  some 

Heroin  produces  only  salivation,   with   very    little   gastric   disturb- 


Effecl  on  Peristalsis. —  Small  doses  of  morphin  lessen 
peristalsis  in  all  animals;  this  is  also  the  effect  of  larger 
doses  in  man ;  but  the  dog  and  some  other  animals  react  to 
large  doses  by  greatly  increased  peristalsis.  These  effects 
are  very  marked. 

Two  explanations  of  the  mechanism  of  the  constipating  action  have 
been  advanced.  That  of  Nothnagel  attributes  the  effect  to  stimulation 
of  the  central  origin  of  the  inhibitory  splanchnic  fiber.  TTie  other 
theory  explains  it  by  depression  of  the  local  reflex  nervous  mechanism 
(the  ceils  of  Auerbach's  and  Meissner's  plexus)  controlling  peristalsis. 
The  latter  view  is  the  more  commonly  accepted,  but  neither  theory  is 
quite  satisfactory. 

It  is  generally  believed  that  opium  is  more  constipating  than  mor- 
phin ;  this  and  some  other  data  support  the  theory  of  peripheral  action. 

Nothnagel's  theory  (1882)  is  based  on  the  following  experiments, 
made  on  rabbits: 

The  application  of  a  crystal  of  NaCl  to  the  muscular  coat  of  the  un- 
potsoned  intestine  produces  a  constriction  above  the  point  of  applica- 
tion—!, e.,  the  effect  is  identical  with  that  produced  by  mechanical 
stimuli,  and  is,  therefore,  due  to  stimulation  of  Auerbach's  plexus. 
(A  crystal  of  KO.  on  the  other  hand,  produces  a  constriction  ring 
which  remains  confined  to  the  point  of  application,  and  is,  therefore, 
myogenic  in  origin.)  TTie  administration  of  20  mg.  of  morphin  pre- 
vents the  spreading  of  this  reflex:  but  it  reappears  if  the  mesenteric 
nerves  are  divided.  It  is  therefore  assumed  that  the  morphin  stimu- 
lates some  inhibitory  fibers  centrally.  The  reflex  also  reappears  if 
lai^  doses  of  morphin  (60  mg.)  are  given;  these  would  therefore 
paralyze  the  inhibitory  nerves. 

The  theory  does  not  explain  why  morphin  also  prevents  peristalsis 
caused  by  purely  locally   acting  drugs,  such  as  nicotin. 

The  increased  peristalsis  from  large  doses  of  morphin  is  best  ex- 
plained by  assummg  a  local  irr'"'"**"- 
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(c)  Secretions. —  Our  knowledge  in  regard  to  this  sub- 
ject is  also  unsatisfactory.  Whilst  morphin  generally  tends 
to  check  the  salivary  as  well  as  the  bronchial  secretions,  yet 
the  saliva  is  very  frequently  increased.  When  this  occurs 
in  early  stages,  it  may  be  attributed  to  nausea,  but  it  some- 
times occurs  rather  too  late  for  this  explanation  to  hold, 
and  it  is  possible  that  the  medullary  salivation  center  is  in- 
volved. The  sweat  is  increased  through  the  cutaneous 
hyperemia.     Heroin  also  increases  saliva  and  sweat. 

The  appetite  is  diminished  on  account  of  the  lessened 
perception  of  hunger  and  through  gastric  derangement. 

(d)  Metabolism  is  also  lessened  on  account  of  the  quiet 
condition  of  the  animal  and,  in  prolonged  observations,  on 
account  of  the  disturbed  digestion.  The  COj  is  increased 
in  the  blood  through  the  asphyxia.  The  nitrogen  excretion 
is  also  lessened,  but  the  ratio  of  urea  to  total  nitrogen  is  not 
altered.  That  the  lessened  output  of  COj  is  really  due  to 
depression  is  shown  by  the  fact  that  it  is  increased  in  the 
cat  and  by  the  stimulating  members  of  the  group  (codein). 
The  urine  often  reduces  copper,  from  the  presence  of  mor- 
phin-glycuronic  acid.  Glycosuria  also  arises  from  the 
asphyxia.  The  leucocytes  of  the  blood  are  diminished  in 
morphin  poisoning,  acute  or  chronic. 

III.  ABSORPTION,   FATE,  AND  EXCRETION. 

Morphin  is  readily  absorbed  from  all  surfaces,  and  to 
some  extent  even  from  the  unbroken  skin.  Its  further  fate 
was  for  a  long  time  problematic.  Ahhough  contradictory 
claims  have  been  made,  it  is  now  conceded  that  only  the 
very  faintest  traces,  if  any,  are  excreted  through  the  urine. 
Nor  does  this  contain  any  morphin  derivatives.  Recent 
investigations  have  shown  that  after  hypodermic  injections 
up  to  66%  is  excreted  through  the  saliva  and  gastric 
juice,  and  especially  through  the  intestine.  This  large 
percentage  holds  only  for  acute  poisoning.  It  is  very  much 
reduced  in  chronic  poisoning,  as  will  be  described  under 
that  heading. 

Some  of  the  morphin  is  also  excreted  by  the  milk  and 
may  cause  morphinism  in  sucklings.  The  rest  is  decom- 
posed in  the  body. 
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injection ;  it  disappears  again  from  the  stomach  in  about  an  hour. 
The  morphin  disappears  from  the  blood  within  twenty  minutes,  but 
is  not  destroyed  in  this  fluid.  A  considerable  amount  is  fixed  by  the 
lipoids  of  the  nervous  tissues,  and  by  the  liver,  and  is  there  gradually 
destroyed  by  oxidative  processes.  It  disappears  entirely  from  the  body 
within  two  days  (Cloetta,  1903). 

Of  codein  about  80%  is  excreted  unchanged,  mainly  by 
the  urine,  but  some  also  by  the  feces.  Repeated  adminis- 
tration does  not  lead  to  increased  destruction,  nor  does  it 
appear  to  produce  tolerance  of  this  alkaloid. 

The  substances  which  cause  the  characteristic  odor  oi 
opium  are  excreted  largely  by  the  urine,  and  to  some  extent 
also  by  the  breath,  sweat,  and  mtlk. 


Morphin  produces  the  greatest  narcotic,  analgesic  and 
hypnotic  and  intestinal  actions,  and  has  the  least  stimulant 
effect.  It  causes  the  greatest  derangement  of  digestion  and 
is  most  apt  to  induce  a  habit. 

Heroin  has  a  specific  effect  upon  respiration.  In  other 
respects  it  is  more  stimulating  and  less  narcotic,  and  it  acts 
less  upon  the  alimentary  canal. 

Codein,  Peronin,  Dionin  and  Narcotin  are  intermediate 
between  morphin  and  heroin.  Dtonin  has  a  specific  action 
on  the  conjunctiva.  Narcein  is  practically  inactive.  The- 
bain  acts  like  strychnin. 

The  members  of  the  protopin  group  (protopin,  cryptopin,  chelidonin, 
homochelidonin,  and  ehelerythrin),  which  are  found  to  some  extent 
in  opium,  but  especially  in  other  Papaveracex,  cause  paralysis  of  the 
sensory  endings  in  the  manner  of  cocain.  They  also  produce  a  paralytic 
change  in  the  striped  muscle  endings,  so  that  stimulation  with  inter- 
rupted current  only  produces  a  series  of  very  rapid  and  complete 
contractions  and  relaxations  instead  of  a  continuous  tetanus.  The 
heart  muscle  is  also  depressed,  so  that  the  heart  ts  weak  and  slow. 
The  respiration  is  stimulated.  These  drugs  have  little  or  no  thera- 
peutic importance. 

A  preparation  of  sanguinaria  examined  by  the  author  had  very  little 
action  on  the  heart,  and  was  purely  depressant  to  the  central  nervous 
system,  the  reflexes  being  diminished,  the  respiration  slow  and  shallow, 
and  death  occurring  through  respiratory  paralysis.  No  secondary 
tetanus  was  noticed  on  the  frog.  Oiher  observers  have  noted  nausea 
and  violent  peristalsis,  with  very  little  central  depression.  This  inter- 
cstinE  drug  requires  further  investigation. 

Relation  of  Ckemic  Structure  and  Action. —  The  narcotic  actions  of 
niorphin  are  connected  with  the  two  OH  groups  of  its  molecule.  When 
these  are  replaced  by  other  chains  (as  in  heroin  or  codein),  the  strych- 
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nin  action  predominates;  this  convulsive  action  increases  with  the  size 
of  the  motecules  which  are  introduced.  The  alkaloids  of  opium  belong 
to  two  chemic  groups :  Morphin,  Codein,  Fseudomorphin  (Oxydimor- 
phia),  and  Thehain  being  derived  from  tlie  base  Morpkolin;  whilst 
Papaverin,  Narcotin,  and  Narcein  are  derivatives  of  Isoquinohn.  Not- 
withstanding this  chemical  difference,  the  actions  are  qualitatively  very 
similar. 

Relation  to  Other  Groups. —  The  morphin  group  is  closely  connected 
with  a  number  of  other  groups :  with  strychnin  through  its  spinal  ac- 
tion; with  alcohol  through  its  narcotic  action;  with  Caniiabts  Indica 
through  the  cerebral  effects ;  with  coetdn  through  the  protopin  group ; 
with  apomorphin  through  its  composition  and  the  subordinate  emetic 

V.  CHRONIC  OPIUMISM. 

Whilst  the  therapeutic  use  of  opium  dates  back  of  Hippocrates,  its 
habitual  use  seems  to  be  of  more  recent  origin.  The  first  authentic 
records  fall  in  the  beginning  of  the  sixteenth  century.  It  would  seem 
that  its  use  is  much  older  in  India  than  in  Turkey,  and  that  the  Mo- 
hammedans learned  it  through  the  conquest  of  the  former  country. 
Their  acquaintance  with  cannabis  indica  is  of  much  earlier  date.  The 
existence  of  the  opium  habit  was  at  first  confined  to  the  Orient;  its 
introduction  into  Europe  and  America  is  of  very  modem  date. 

Opium  users  introduce  the  drug  in  three  different  ways : 
by  smoking,  by  eating,  or  by  hypodermic  injection  of  mor- 
phin. Smoking  is  the  form  mainly  practised  in  the  East, 
and  is  not  uncommon  in  the  United  States. 

Smoking-opium  (chandoe)  is  prepared  by  the  Chinese,  by  a  compli- 
cated process  of  roasting,  and  repeated  extraction  and  evaporation.  Its 
morph in-content  is  about  the  same  as  that  of  ordinary  opium;  but  it  is 
claimed  that  the  opium  smoke  does  not  contain  morphin  (e.  g.,  Hart- 
wich  and  Simon,  1903).  This  statement  needs  confirmation,  in  view 
of  the  close  agreement  of  the  effects  of  opium  smoking  with  those  of 
morphin.  The  smoking,  however,  produces  a  more  pronounced  psychic 
stimulation,  a  form  of  intoxication,  differing  from  that  of  alcohol  in 
that  it  causes  greater  energy,  vividness,  and  sharpness  of  imagination. 
The  half-conscious  victim  is  removed  from  the  unpleasant  reality  into 
a  realm  of  glowing  fancy,  accompanied  by  lethargy.  This  rather  pleas- 
ant condition  is  not  lasting;  the  patient  awakens  in  a  few  hours  to 
sensations  similar  to  those  following  an  alcoholic  excess,  but  much 
worse.     To  escape  these,  he  is  apt  to  resort  to  more  of  the  poison. 

The  ultimate  consequences  of  opium  smoking  are  the  same  as  those 
of  the  other  forms  of  opium  habit.  They  do  not  develop  as  rapidly, 
partly  because  the  quantity  consumed  in  smoking  is  necessarily  more 
moderate. 

This  description  of  the  bad  effects  applies  mainly  to  the  European 
races.  Curiously  enough,  Eastern  races  are  not  affected  in  the  same 
way.  They  smoke  opium  more  as  a  European  smokes  tobacco.  Though, 
of  course,  incapable  of  doing  work  while  under  the  influence,  the 
lethargy  need  not  last  longer  than  half  an  hour,  when  they  can  resume 
their  business.  Nor  do  they  show  the  moral  degenerations  so  striking 
in  the  Western  users. 

The  danger  of  falling  into  the  opium  habit  is  not  equally  great  for 
all  persons.    Besides  the  individual  differences  in  the  moral  sense,  will 
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power,  etc.,  those  who  are  pleasantiy  stimulated  by  moiphin  are  nat- 
urally more  exposed  to  its  dangers  than  those  who  are  affectAl  un- 
pleasantly; but  the  danger  exists  for  all,  and  must  be  constantly  in 
the  mind  of  the  physician  when  he  prescribes  these  drugs. 

When  opium  or  morphin  are  taken  by  the  mouth  or 
hypodermically,  the  effects  on  the  imagination  are  much 
less  pronounced.  These  forms  of  morphinism  cannot  even 
boast  of  the  delusive  pleasures  of  smoking,  though  it  can- 
not be  denied  that  opium,  even  when  taken  by  the  mouth 
or  through  the  skin,  produces  at  first  the  somewhat  nega- 
tive pleasure  which  consists  more  in  a  brutish  indifference 
to  surroundings  than  in  any  actual  enjoyment.  In  smaller 
doses  the  capacity  for  enjoyment  may  even  be  increased, 
just  as  with  alcohol,  by  removal  of  the  ordinary  restraining 
impulses.  But,  not  to  mention  the  final  cost,  even  this 
pleasure  soon  fades,  and  ere  long  the  famed  dreams  of  the 
opium  eater  degenerate  into  nightmares  quite  as  bad  as 
those  of  delirium  tremens.  The  opium  eater  now  takes  his 
drug  not  because  he  wants  it,  but  because  he  cannot  get 
along  without  it.  When  it  has  once  taken  a  thorough  hold, 
morphinism  must  be  considered  not  so  much  as  an  in- 
dulgence, a  pleasure,  or  a  vice,  but  as  a  real  disease.  The 
organism  having  become  accustomed  to  working  under  its 
influence,  revolts  in  a  very  violent  manner  against  its  with- 
drawal. A  remarkable  tolerance  to  the  poison  is  acquired, 
so  that  morphin  victims  consume  quantities  which  would 
be  surely  fatal  to  ordinary  individuals. 

The  daily  consumption  of  morphin  is  generally  about  0.5  Gm. ;  but 
as  much  as  5.5  Gm.  (85  grains,  or  one  and  two-thirds  of  the  ordinary 
boUles)  has  been  reported.  Even  larger  doses  are  claimed  by  patients; 
but  their  statements  are  generally  unreliable,  since  they  are  made  in 
the  hope  that  the  drug  will  be  withdrawn  more  gradually. 

However,  there  can  be  no  question  that  extraordinarily 
large  doses  can  be  taken  daily  without  producing  acute 
symptoms,  and  are  even  necessary  to  prevent  the  with- 
drawal symptoms.  This  immunity  to  morphin  is,  how- 
ever, never  absolute,  and  death  from  overdoses  forms  the 
most  frequent  "  excitus  letalis  "  of  the  morphinist. 

The  abstinence  symptoms  are  something  very  difficult  to 
explain,  and  so  far  they  have  been  demonstrated  only  with 
opium  and  cocain;  the  delirium  tremens  of  alcoholics  may 
be  a  similar  phenomenon. 
I— 13 


.dbyGoogle 


194  ALKALOIDAL   HYPNOTICS.  CH.    IX. 

Explanation  ot  the   Acquired   Tolerance  to   Morptaln.— Marmf 

believed  that  morphin  was  transformed  in  the  body  into  a  substance, 
oxydimorphin,  with  exactly  opposite  actions.  This  substance,  he  sup- 
posed,  produced  the  abstinence  symptoms ;  required  the  introduction  of 
increasing  amounts  of  morphin  to  neutralize  its  effects ;  and  in  turn 
neutralized  the  morphin,  accounting  in  this  way  for  the  tolerance. 
This  hypothesis  is  not  supported  by  facts ;  the  morphin  is  not  trans- 
formed into  oxydimorphin,  at  least  to  any  extent;  and  the  actions  of 
oxydimorphin  do  not  agree  with  those  assumed  by  Marme.  It  has  no 
narcotic  effect.  If  it  is  introduced  hypodermically,  or  if  it  is  injected 
slowly  by  a  vein,  it  is  absolutely  inactive,  because  it  is  rapidly  de- 
stroyed in  the  alkaline  media  of  the  body.  This  rapid  destruction 
speaks  strongly  against  its  being  concerned  in  the  morphin  habit  If 
it  is  injected  suddenly  into  a  vein,  it  causes  vomiting,  diarrhea  (which 
is  often  bloody),  and  death  by  paralysis  of  respiration. 

It  has  been  claimed  repeatedly  that  the  serum  of  animals  habituated 
to  morphin  protects  other  animals  against  this  poison.  This  statement 
has  no  foundation  in  fact. 

The  tolerance  is  explained  by  the  increased  power  of  the 
organism  to  destroy  the  poison. 

Faust,  in  a  recent  research  on  this  subject,  recovered  from  the  feces 
of  a  dog  66%  of  the  morphin  administered  hypodermically,  when  the 
poisoning  was  acute.  In  the  feces  of  the  twenty-first  to  twenty-fourth 
day  of  the  administration  he  only  recovered  26% ;  from  twenty-nine 
to  ihirty-two  days,  8%  ;  from  thirty-six  to  forty  days,  4% ;  and  if  still 
longer  continued,  none  at  all;  and  this  notwithstanding  the  fact  that 
the  later  doses  were  very  much  larger  than  the  original  doses  (fifty 
times  the  original  amount).  Incidentally,  he  found  exactly  the  same 
symptoms  of  chronic  morphinism  in  the  dog  as  exist  in  man.  The  ani- 
mals showed  signs  of  uneasiness  for  the  morphin,  they  became  very 
restless  when  the  time  for  the  injection  approached,  and  one  dog  gave 
every  sign  of  satisfaction  when  the  syringe  was  introduced.  Tolerance 
was  soon  established,  so  that  after  twenty  days  a  dose  ten  times  as 
large  as  that  which  originally  gave  a  very  strong  effect  had  little  action. 
Rabbits  and  goat.s  also  acquire  tolerance ;  whereas  frogs  seem  to  be- 
come more  susceptible. 

According  to  Bouma  (1903)  the  continued  administration  of  eodnti 
does  not  lead  to  increased  destruction,  nor  to  tolerance.  (Cloetta 
(1903)  has  contradicted  the  statements  of  Faust.) 

Symptoms  and  Effects  of  the  Opium  Habit. —  The  later  con- 
sequences of  opiumism  are  insidious,  but  none  the  less  dan- 
gerous. For  years,  victims  of  the  habit  may  appear  quite 
normal  to  superficial  observers,  but  closer  attention  would 
even  then  reveal  signs  of  the  disease.  The  physical  con- 
sequences relate  at  first  to  the  digestive  tract.  There  is 
obstinate  constipation,  altematinE^  later  with  equally  obsti- 
nate diarrhea.  There  is  loss  of  apoetite  alternating  with 
voracious  himcer  and  thirst  f polydipsia),  and  polyuria. 
These  disturbances  of  digestion,  as  well  as  the  more  direct 
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action  of  the  drug,  are  not  long  in  showing  their  effects 
upon  the  rest  of  the  body.  The  patient  loses  flesh  rapidly 
and  suffers  from  marasmus  and  cachexia.* 

There  is  a  peculiar  cirrhosis  of  the  skin,  which  becomes 
pale,  dry  and  rough.  The  nails,  teeth  and  hair  are  also 
diseased.  The  condition  of  the  integument  is  rendered 
still  worse  by  the  local  effects  of  the  injection  when  the 
drug  is  used  hypodermically.  The  whole  skin  may  be 
mottled  with  scars  and  marks  of  recent  or  older  injections, 
and  abscesses  are  often  produced  through  want  of  cleanli- 
ness. Even  when  the  drug  is  used  by  the  mouth,  the  entire 
skin  often  acquires  a  peculiar  waxy  appearance. 

The  pupils  are  almost  invariably  contracted;  the  eyes 
lose  luster;  so  that  an  opium  user  may  often  be  recognized 
from  his  appearance.  The  pupillary  and  accommodation 
movements  are  affected.  The  heart  is  irregular.  Albu- 
minuria, glycosuria,  amenorrhea,  and  impotence  are  fre- 
quent. Fevers  resembling  simplex,  intermittent,  and  ty- 
^oid,  are  often  seen.  The  motor-nervous  system  shows 
considerable  change :  nervous  tremors,  increased  reflex  irri- 
tability, etc.  These  conditions  sooner  or  later  weaken  the 
resisting  powers  of  the  patient,  so  that  he  fails  an  easy  prey 
to  some  other  ailment,  and  thus  rarely  reaches  old  age. 

The  effects  of  the  opium  habit  upon  the  character  of  the 
patient  are  even  more  deplorable.  This  soon  sinks  to  the 
very  lowest  level.  With  a  certain  amount  of  low  cimning 
he  combines  a  total  unscrupulousness,  and  it  is  very  doubt- 
ful whether  the  testimony  of  an  opium  user  can  ever  be 
accepted,  even  in  instances  which  do  not  affect  him.  He 
becomes  absolutely  incapable  of  any  effort.  Duty  no  longer 
appeals  to  him,  and  in  order  to  escape  it,  or,  still  more,  in 
order  to  obtain  his  drug,  he  will  resort  to  any  lie  or  any 
trick,  no  matter  how  dishonest.  He  will  promise  every- 
thing and  fulfil  nothing.  Were  he  not  so  cowardly  and 
disinclined  to,  or  rather  incapable  of,  any  effort,  he  would 
be  fit  for  any  crime.  His  condition  is  all  the  more  unhappy 
since  he  fully  realizes  it  and  sees  himself  in  his  true  colors. 
He  makes  grand  plans,  and,  at  the  same  time,  knows  that 
he  can  never  summon  the  energy  even  to  begin  them.  Add 
to  this  the  fact  that  he  is  a  social  outcast,  and  it  is  difficult 

.  'Tbtti  ire  two  !1l-de<incd  lernii.  The  fontier,  miraiinu).  .igiiifyine  ■  con- 
°rpiik  cauH.     Cachexia  alw  indicate*  3  wsalms  of  ihe  body,   vritli  >ome  striking 
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to  imagine  a  more  unhappy  condition.  To  the  physician 
he  should  appeal  as  a  sufferer,  as  one  afflicted  with  a  form 
of  insanity ;  one  who,  like  any  other  insane  patient,  should 
be  treated  with  unflinching  firmness,  but  with  the  most  con- 
siderate kindness.  Only  in  this  way  will  it  be  possible  to 
help  him.  He  is  himself  devoid  of  the  necessary  will  power, 
and  this  must  to  some  extent  be  supplied  by  his  physician 
and  attendants.  In  this  connection,  as  in  the  other  drug 
habits,  suggestive  therapeutics  offers  a  promising  prospect. 

Abstinence  Symptoms. —  The  withdrawal  of  morphin 
from  those  accustomed  to  its  use  leads  to  a  train  of  very 
severe  effects,  the  severity  being  proportional  to  the  rap- 
idity with  which  the  drug  is  withdrawn.  Prominent 
throughout  is  an  almost  uncontrollable  craving  for  the 
drug,  passing  sometimes  into  a  true  mania.  Besides  this, 
the  first  symptoms  consist  in  spasmodic  yawning  and  sneez- 
ing; coryza  antl  lachrymation ;  and  hoarseness.  The  pupils 
dilate  again.  The  extremities  are  cold,  the  head  congested. 
Headache,  neuralgias,  and  violent  pains,  often  in  the  le^- 
The  digestion  is  profoundly  disturbed,  presenting  the  symp- 
toms of  a  violent  functional  gastroenteritis.  Insomnia  is 
a  very  constant  symptom;  the  patients  are  very  irritable 
and  excitable,  and  this  condition  may  culminate  in  delirium 
or  acute  mania,  often  suicidal.  Women  often  have  hysteric 
attacks.  The  most  dangerous  phenomenon  is  sudden  col- 
lapse, ushered  in  by  rapid,  irregular  and  weak  pulse,  cold 
sweat,  and  general  prostration ;  and  often  ending  fatally 
by  heart-failure.  This  collapse,  if  severe,  demands  the 
prompt  injection  of  a  moderate  dose  of  morphin,  which 
generally  causes  the  symptoms  to  disappear. 

The  ordinary  medical  treatment  of  the  opium  habit  con- 
sists in  removal  of  the  drug;  and  supporting  and  symp- 
tomaiic  tm-asures.  The  removal  must  be  done  with  great 
care,  and  is  best  carried  out  in  special  institutions,  where  a 
careful  surveillance  of  the  patient  is  possible,  both  to  pre- 
vent his  obtaining  an  extra  supply  of  the  drug,  and  to  be 
able  to  control  the  symptoms.  It  has  been  attempted  to 
stop  the  habit  by  removing  the  drug  suddenly:  by  very 
gradually  diminishing  the  doses ;  and  by  diminishing  the 
dose  quite  rapidly.  The  first  is  useless  cruelty,  and  may 
even  be  dangerous.  The  second  does  not  usually  accom- 
plish the  desired  result.  The  last  is  certainly  the  best. 
According  to  this  method,  the  drug  is  removed  just  as 
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rapidly  as  can  be  borne  by  the  patient  without  producing 
any  very  violent  reaction.  No  iron-clad  rule  can  be  fol- 
lowed by  which  this  reduction  may  be  accomplished.  At 
the  same  time  the  system  is  built  up  by  proper  hygienic 
measures.  The  appetite  often  needs  to  be  sustained  by 
bitters  and  other  tonics.  Sleeplessness  is  a  very  frequent 
complication,  and  must  be  met  by  bromids,  chloral,  or 
some  of  the  hydrocarbon  hypnotics.  To  combat  morphin- 
ism by  cocain,  codein,  heroin,  or  other  drugs  which  merely 
replace  the  morphin  habit  by  some  other  habit  equally  bad, 
is  of  no  benefit  to  the  patient.  Thorough  cleansing  of  the 
bowels  with  emetics  and  cathartics  at  the  beginning  of  the 
treatment  is  very  useful,  and  it  is  perhaps  to  this  that  pilo- 
carpin  owes  its  success.  This  drug  has  been  employed  on 
the  theory  that  it  removes  the  hypothetic  decomposition 
products.  As  far  as  may  be  judged,  it  has  given  good 
results,  whatever  the  explanation.  Pilocarpin,  strychnin, 
atropin,  and  scopolamin  are  used  in  the  symptomatic  treat- 
ment of  all  drug  habits.  Scopolamin  (hyoscin)  appears  to 
permit  a  more  rapid  withdrawal  of  the  morphin.  Sugges- 
tion may  sometimes  be  a  great  help  in  preventing  relapses. 

The  cure  is  rarelj  permanent.  Patients  usually  drift  into  the  mor- 
phin habit  to  relieve  some  existing  condition, —  e.  g.,  sciatica, —  and 
this  condition  will,  of  course,  reappear  when  the  morphin  is  removed 
and  incline  them  to  resume  its  use.  And  besides,  persons  who  have 
once  been  morphinists  show  by  that  fact  that  they  are  more  apt  than 
normal  individuals  to  succumb  to  the  dangers  that  originally  over- 
came them. 

OpiuM  habit  in  children  is  unfortunately  not  at  all  rare,  and  it  is 
usually  started  by  the  indiscriminate  employment  of  paregoric  and  other 
soothing  syrups.  They  present  the  typical  symptoms  already  described. 
Withdrawal  of  the  medicine  is  followed  by  restlessness,  wakefulness, 
and  every  indication  of  suffering  and  distress.  The  treatment  would 
be  mainly  hy^enic. 

The  morphm  derivatives  (Heroin,  Dionirt,  etc.)  may  also  give  rise 
to  habit,  resembling  in  every  respect  that  of  morphin.  The  danger  is, 
however,  much  less ;  partly  because  they  do  not  possess  the  desired 
narcotic  action.  A  case  of  codein  habit  has  been  reported  by  Pelz 
(1905).  The  phenmnena  were  strictly  analogous  to  morphin,  including 
tolerance. 

Vri.  TOXICOLOGY  OF  MORPHIN  AND  OPIUM. 

Opium  is  a  very  frequent  means  of  suicidal  poisoning,  and  accidental 
overdoses  are  not  at  all  rare.  It  is,  however,  one  of  the  rarer  poisons 
in  criminal  cases,  since  its  action  is  so  slow  and  the  symptoms  so 
typical. 

Symptoms. —  To  suni  up  the  symptoms  of  morphin-  or  opium-poison- 
ing from  a  toxicologic  point  of  view,  the  first  to  be  noticed  are  giddi- 
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ness,  confusion,  and  stupor,  this  terminating  gradually  in  complete 
insensibility.  The  respiration  is  slow,  the  pulse  full,  slow,  and  labor- 
ing, eyes  closed,  pupils  usually  contracted  and  insensible  to  light,  and 
the  face  red. 

As  the  poisoning  advances  the  skin  becomes  pale  and  cold,  and 
moist  with  perspiration,  the  lips  are  livid,  the  breathing  slow  and 
stertorous,  the  pulse  feeble  and  almost  imperceptible,  the  limbs  re- 
laxed ;  but  death  is  sometimes  preceded  by  asphyxial  convulsions. 

The  symptoms  usually  appear  in  from  ten  minutes  to  one  hour  after 
the  drug  has  been  taken  by  the  mouth ;  perhaps  half  an  hour  is  the 
most  common.     Death  occurs  in  from  two  to  twelve  hours. 

If  the  patient  recovers,  there  is  a  great  deal  of  persisting  nausea, 
nervousness,  and  headache.  With  therapeutic  doses,  however,  the  pa- 
tient may  awaken  refreshed.  Recovery  is  possible  even  when  convul- 
sions and  coma  have  set  in.  The  former  disappear  and  the  coma 
gradually  passes  into  a  long  sleep,  often  lasting  from  twenty-four  to 
thirty-six  hours. 

On  account  of  the  treatment,  it  is  extremely  important  to  establish 
the  differential  diagnosia  of  the  origin  of  a  coma.*  Those  forms 
the  coma  which  mi^ht  be  confounded  with  morphin  are;  alcoholic  (chlo- 
ral), uremic  and  diabetic,  epileptic,  and  apoplectic. 

One  of  the  most  important  points  is  furnished  by  the  pupils.  If 
these  are  dilated,  the  coma  is  probably  alcoholic,  hut  may  be  diabetic. 
With  pin-point  pupils  the  coma  is  either  from  opium  or  pontine  apo- 
plexy. If  the  latter,  they  are  very  often  unequal,  and  on  lifting  the 
arms,  one  may  often  detect  a  paralysis. 

The  pupils  respond  readily  to  light  in  epileptic  coma,  not  in  the 
others. 

Just  before  death  the  pupils  may  become  dilated  from  the  asphyxia. 
(In  the  dog  the  pupils  are  usually  dilated  throughout  the  poisoning.) 

The  imell  of  the  breath  furnishes  presumptive  evidence  of  aUohol- 
poisoning,  but  it  is  not  a  definite  proof,  since  this  substance  is  often 
given  as  an  antidote,  and  is  so  often  present  in  quantities  which  would 
not  cause  a  coma.  The  smell  is,  however,  usually  characteristic  of 
opium,  uremia,  and  diabetes,  but  not  of  morphin.  Uremia  would  also 
be  characterized  by  albumin  in  the  urine. 

There  are  yet  other  forms  of  coma  which  may  be  confused  with 
these,  but  no  rules  can  be  laid  down  for  them.  The  history  is  often 
of  the  greatest  importance. 

The  autopsy  shows  nothing  characteristic.  There  are  the  usual  phe- 
nomena of  asphyxia.  The  pupils  are  variable.  The  mucous  mem- 
brane of  the  stomach  is  sometimes  reddened.  If  the  poisoning  has 
been  by  opium,  one  may  discover  its  characteristic  odor. 

Treatment  of  Acute  Opium-poisoning, —  The  first  indi- 
cation is  to  empty  the  stomach,  and  this  no  matter  whether 
the  drug  has  been  taken  by  the  mouth  or  hypodermically. 
If  narcosis  has  already  set  in,  emetics  may  act  too  slowly, 
and  it  may  be  necessary  to  employ  a  stomach-pump.  The 
best  chemic  antidote  is  potassium  permanganate.*  The  pa- 
tient should  be  kept  awake  as  far  as  possible  and  in  con- 

■Coma:    A    condition    of    inKnaibilit)'    from    which    the    patient    cannot    be 
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slant  movement,  since  this  contributes  to  the  better  tone 
of  the  medullary  center.  Other  general  reflex  stimtdants 
may  be  employed,  such  as  cold  ablutions,  the  inhala- 
tion of  ammonia  in  the  form  of  smelling  salts,  hypodermic 
injections  of  ether,  etc.  Caffein,  especially  in  the  form  of 
strong,  black,  hot  coffee,  is  the  best  physiologic  antidote. 

Atropin  has  been  used  extensively  and  somewhat  indiscriminately 
in  Ike  treatment  of  morphin  poisoning.  It  is  a  very  dangerous  remedy 
in  this  condition.  The  most  conspicuous  antagonistic  actions  of  these 
two  poisons  are  on  the  pupil,  heart-rate,  psychic  processes,  secretions, 
etc. —  in  short,  upon  functions  which  are  of  very  subordinate  impor- 
tance in  dangerous  cases  of  poisoning.  Any  useful  antagonism  must 
be  sought  in  their  actions  on  the  circulation,  respiration,  and  meta- 
bolism. A  careful  study  will  ^ow  that  the  effects  of  morphin  and 
atropin  on  these  functions  are  antagonistic  only  with  certain  stages ; 
whilst  more  severe  ^ades  are  aclualiy  synergistic.  The  later  para- 
lytic effects  of  atropin  coincide  with  those  of  morphin;  whilst  in  the 
last  stages  of  morphin  poisoning  the  centers  are  too  greatly  depressed 
to  respond  to  the  slow  and  weak  stimulation  of  atropin.  The  tiseful- 
nest  of  this  aniidole  exists  therefore  only  if  moderate  doses  of  atropin 
art  given  in  moderate  morphin  poisoning  (or  vice  versa).  This  con- 
clusion is  supported  by  several  series  of  experiments  on  animals.  As 
a  practical  deduction,  the  atropin  should  be  given  in  the  dose  of  i.S 
mg.  (V*  gr.)  and  this  should  not  be  repeated. 

A  general  antagonism  exists  also  between  morphin  and  small  doses 
of  cocain,  especially  as  regards  the  effects  on  temperature  and  metab- 
olism. Larger  doses  are  synergistic,  and  as  the  susceptibility  to  cocain 
is  variable,  the  hypodermic  dose  of  0.01  Gm.  ('/<  gram)  should  not  be 
exceeded. 

The  patient  should  be  kept  warm.  If  the  breathing 
shows  signs  of  failing,  artificial  respiration  should  be  sup- 
plied. 

When  the  danger  is  over,  the  constipation  which  usually 
follows  should  be  relieved  by  cathartics  and  enemata. 

The  fatal  dose  of  morphin  for  man  is,  on  the  average, 
0.2  to  0.4  Gm.  (3  to  6  grains) ;  or  of  opium,  3  Gm.  (45 
grains) . 

It  is  important  to  remember  that  children  are  much  more 
susceptible  to  the  drug  than  adults  (allowing  for  the 
wdght). 

Yoimg  fatbits,  guinea  pigs,  and  dogs  are  also  more  susceptible  than 
the  full  grown  animals,  whereas  kittens  are  rather  more  tolerant  than 
adult  cats.  Amongst  the  diff^erent  animals,  man  is  by  far  the  most 
susceptible,  the  fatal  dose  by  subcutaneous  injection  being  about  '/» 
of  that  required  for  the  same  weight  of  rabbit,  y»  of  the  dog's,  and 
Vm  for  the  pigeon. 

The  possibility  of  idiosyncrasy  must  be  borne  in  mind;  as  little  as 
<K3  Gm.  (3  grains)  of  opium  {=}4  gr.  morphin)  is  said  to  have  been 
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Vril.  THERAPEUTICS. 


Morphin  and  opium  are  drugs  which  are  used  against 
conditions,  and  not  against  diseases;  i.  e.,  they  may  be  em- 
ployed in  almost  any  disease  if  the  conditions  demanding 
them  arise. 

The  conditions  indicating  morphin  are  mainly  the  follow- 
ing: to  lessen  pain,  to  produce  sleep,  to  check  peristalsis, 
and  to  suppress  cough. 

1.  Pain. —  Since  the  lessening  of  pain  is  its  first  effect, 
small  doses  only  should  be  employed  for  this  purpose.  It 
will  be  remembered  that  it  is  effectual  especially  against 
persistent  pain,  and  in  this  it  is  almost  specific,  surpassing 
in  analgesic  action  any  other  drug.  The  local  application 
is  without  effect.  As  an  analgesic  morphin,  especially 
hypodermically,  has  the  preference  over  opium. 

2.  Imomuia. —  Morphin  will  be  useful  especially  when 
this  is  produced  by  pain,  but  not  when  it  is  the  result  of 
nervousness.  Besides  its  superior  analgesic  properties  it 
surpasses  chloral  in  not  affecting  the  circulation.  The  two 
are  very  usefully  combined. 

Some  of  the  disadvantages  of  opium  are:  the  tendency 
to  constipation,  to  nausea,  or  gastric  disturbances;  and  in 
some  individuals  it  has  an  excitant  action  instead  of  being 
hypnotic.  In  insomnia  one  must  be  ever  mindful  of  the 
danger  of  the  formation  of  a  morphin  habit. 

3.  PeristalBii. —  Opium  especially  is  extremely  useful  in 
diarrhea  due  to  acute  intestinal  catarrh.  By  checking  the 
peristaltic  movement,  it  gives  a  chance  for  rest  and  repair, 
and  thus  leads  to  permanent  cure.'  It  is  one  of  the  most 
important  ingredients  of  the  so-called  cholera-mixtures. 
In  the  constipation  of  lead-poisoning  which  is  due  to  tetanic 
contraction  of  the  intestine,  it  relieves  this  spasm,  and  with 
it  the  pain.  It  is  also  very  useful  in  peritonitis  in  relieving 
the  pain,  both  directly  and  by  lessening  the  movements  of 
the  intestines  which  are  giving  rise  to  it. 

4.  Cough — Morphin  and  other  members  of  the  group 
depress  the  sensibility  of  the  respiratory  center  to  reflex 
stimulation,  and  morphin  also  diminishes  the  amount  of 
bronchial  secretion. 
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In  broachjtis  the  cough  is  caused  by  reflex  stimulation  of  the  center. 
The  patient  also  involuntarily  uses  the  shallow  respiration,  since  deep 
respiration  brings  on  coughing.  These  conditions  are  removed  by 
members  of  the  morphin  series,  which  at  once  lessen  the  tendency  to 
coughing  and  affect  the  respiratory  center  in  such  a  way  as  to  slow 
and  deepen  the  respiratory  movements.  As  to  particular  members  of 
the  group,  codein  was  formerly  often  used  because  it  is  devoid  of  the 
intestinal  action  of  morphin.  In  recent  years  it  has  been  superseded 
by  heroin,  as  this  causes  no  headache  or  gastric  disturbances  and 
presents  the  least  danger. 

When  the  bronchial  secretion  is  extremely  abundant, 
morphin  may  be  contraindicated,  for  then  the  cough  fulfils 
a  useful  function  in  cleansing  the  air-passages. 

Morphin  is  frequently  of  considerable  usefulness  in 
asthma  by  relieving  the  distress  of  the  patient,  and  perhaps 
also  by  diminishing  the  reflexes  which  give  rise  to  this 
condition. 

6.  Other  TJ«8  of  Korphin. —  Morphin  is  very  useful  as 
an  introduction  to  general  anesthesia,  given  hypodermically 
in  a  dose  of  o.oi  Gm.  (^  grain),  one-half  hour  before  the 
administration  of  the  anesthetic.  It  lessens  the  amount  of 
the  anesthetic  necessary.  It  is  very  often  mixed  with  a 
small  dose  (Vioo  grain)  of  atropin,  the  latter  for  the  pur- 
pose of  paralyzing  the  vagus  endings  in  the  heart  (see 
Atropin). 

Psychic  exaltations  —  e.  g.,  delirium  tremens  or  atropin- 
poisoning  —  require  very  large  doses,  which  might  become 
dangerous.  It  may,  however,  be  used  in  atropin-poisoning, 
whereas  in  delirium  tremens  it  would  not  be  indicated  be- 
cause it  itself  increases  the  nervousness. 

It  is  used  in  tetanus  for  the  purpose  of  removing  the  pain. 

Morphin  forms  quite  an  efficient  diaphoretic.  For  this 
purpose  it  is  best  given  combined  with  ipecac  in  the  form 
of  Dover's  powders  against  colds,  etc,  (See  Chapter  XII, 
M).  Heroin,  on  the  other  hand,  is  recommended  against 
the  night-sweats  of  phthisis. 

Morphin  has  also  been  used  as  an  anti-emettc.  It  may 
be  conceived  that  it  is  of  benefit  in  depressing  the  vomiting 
center,  but  it  is  quite  uncertain,  and  may  itself  produce 
emesis.  Some  members  of  the  group  are  even  used  as 
emetics,  e.  g.,  ««nguinarla,  but  this  drug  also  contains  an 
irritant  principle,  which  no  doubt  contributes  to  its  action. 
Sanguinaria  is  useful  as  a  nauseant  expectorant  in  cough, 
where  it  also  depresses  the  respiratory  center. 


.dbyCoogle 


202  ALKALOIDAL   HYPNOTICS.  CH.    IX. 

Opium  is  also  employed  as  a  styptic  to  stop  hemorrhage 
in  inaccessible  situations.  Its  action  can  be  explained  by 
the  lessening  of  movements  which  it  favors,  and  conse- 
quently the  easier  formation  of  clots. 

Morphin  is  also  useful  in  phthisis,  through  its  action  on 
the  cough,  bronchial  secretion,  and  hemorrhage;  and  in 
fever,  through  its  diaphoretic  and  hypnotic  action.  It  has 
also  been  used  in  malaria,  but  with  doubtful  results. 

The  use  of  opium  in  diabetes  is  instructive  in  showing 
that  a  drug  may  relieve  not  only  one,  but  several,  symptoms 
of  a  disease,  and  still  be  only  symptomatic,  and  not  cura- 
tive. 

Good  clinical  observers  claim  that  the  thirst,  polyuria,  glycosuria, 
and  itching  of  the  skin  are  all  markedly  diminished.  Part  of  this  ac- 
tion must  be  attributed  to  the  analgesic  effect,  while  the  influence  on 
the  glycosuria  is  due  to  ils  action  on  digestion,  and  is  produced  in  the 
same  way  as  by  a  limitation  of  the  diet  or  by  nauseants.  As  a  matter 
of  fact,  opiophagic  diabetics  die  faster  than  others.  Codein  has  been 
used  instead,  but  without  any  marked  advantages. 

IX,  MATERIA  MEDICA, 
Optum  (U.  S.  P..  B.  P.). —  Opium  (Meconium.  Thehaicum) .— The 
dried  milky  juice  exuding  from  the  excised  unripe'  seed  capsules  of 
the  poppy,  Papaver  sommferum,  Papaveraceae.  Asia  and  Egypt,  culti- 
vated. Fair  samples  have  also  been  obtained  from  plants  cultivated 
in  California  and  Minnesota,  but  the  price  of  labor  makes  its  produc- 
tion unprofitable.  The  plant  is  often  cultivated  in  gardens.  The  pro- 
portion of  active  ingredients  varies  greatly  in  different  samples.  _ 

The  capsules  (Papaveris  Capsulfe,  B.  P.)  and  seeds  also  contain  the 
active  principles,  and  are  sometimes  used.  The  seeds  contain,  in  addi- 
tion, 50%  of  a  bland  fixed  oil,  which  may  be  used  like  olive  oil. 

Alkaloids:    Morphin.    Official    requirement    {U.    S.    P.):    Not   less 
than  g%  in  moist  opium.  13  to  ia'^%  in  powdered, 
^nulated,  and  deodorized  opium;  B.  P.,  9!-S  to  io^% 
m  dried  opium. 
Codein,  0.2  to  0.7%. 

Thebain.  0.15  to  1%  (belongs  to  strychnin  group). 
Narcein,  0.02  to  &?%. 
Papaverin,  1%. 
Narcotin.  1.3  to  10%. 
Meconic  and  lactic  actd,  gums,  resins,  fats,  odorous  principles.    No 

Dose:  0.015  to  0.12  Gm.  (,'A  to  2  grs.)  (0.1  Gm.=  i!4  grs.,  U.S.P.). 
Preparations: 

Opii  Pulvis   (U.S.  P.). 

Opium  DeodoraUim  (U.  S.  P.V — The  opium  is  exhausted  by  petro- 
leum benzin  and  mixed  with  milk-sugar  so  as  to  contain  12  to  i2'/i% 
of  morphin.  The  purpose  of  this  manipulation  is  to  remove  the 
odorous  principles. 

■  Unripe  popPT  opiulfs  contain  about  eight  times  11  much  morphine  as  the 
Tipt  (Cmr  &  toreti.   igoi). 
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Opium  Granvlalwn  (U.  S.  P.).— Used  in  manufacturing.  The  dose 
of  powdered,  granulated,  and  deodorized  opium  is  0,015  to  ai3  Gm. 
(J4  to  2  grs.)  (ao65  Gm.=  i  gr.,  U.  S.  P.). 

Preparations  Containing  Crude  Opium. 

.  i,  U.  S.  P.  1    Each  I  g 

Pulvis  IpecaCManha  el  Opii,  U. 
B.P.)  contains  ia%  each  of  opium  and  ipecac.    Dojt:  0.3  t 
(5  to  IS  grs.)   (o-s  Gm.  =  7^  grs.,  U.S.  P.). 

Trochisci  Glycyrrkita  et  Opii,  U.  S.  P. :  Each  contains  5  mg.  (=  Vi, 
gr.)  of  opium. 

'PHula  Opii  et  Camphors,  N.  F. ;  Each  i  grain  of  opium  and  2 
grains  of  camphor. 

*PiM<£  Opii  et  PIttmbi,  N.  F. :  Each  1  grain  of  opium  and  i  grain 
of  lead  acetate. 

Pilvla  Plumbi  cvm  Opio,  B.  P.,  contains  I3.S%  of  opium.  Dose: 
0.1  to  0.25  Cm.  (2  to  4  grs.). 

PSida  Saponis  Composita,  B.  P.,  contains  20%  of  opium.  Dose:  o.i 
lo  0.25  Gm.  (2  to  4  grs.). 

PttVtM  Kino  Compositus,  B.  P.,  contains  5%  of  opium.  Dose:  0.3  to 
1.3  Gm.  (5  to  20  grs.). 

Puivis  Creta  Aromaticus  cum  Opio,  B.  P.,  contains  2.5%  of  opium. 
Deu:  0.5  to  2.5  Gm.  (8  to  40  grs.). 

S»ppositoTia  Plumbi  Composita,  B.  P.,  contain  i  grain  of  opium. 

Other  Solid  Preparations  of  Opium. 

Extraclum  Opii  (U.S.P.,  B.  P.).  Made  with  water;  contains  20% 
morphin  (U.  S.  P.,  B.  P.)  Dose:  0.008  to  0.06  Gm.  (5i  to  I  gr.)  (O.03 
Gm.=  ^  gr.,  U.S.  P.). 

Bmplaslrum  Opii  (U.S.P.  =  6%  of  the  extract;  B.P.  =  io%  of 
ofoiim). 

Sohitioni  of  Opium,  U.  S.  P. 

The  following  U.  S.  P.  preparations  all  contain  10%  of  powdered 
opium  (1.25%  of  morphin)  and  have  a  dose  of  0.2  to  1.2  c.  c.  (3  to 
»  m)  (as  c.c.=8  Til,  U.S.  P.);  all  are  miscible  with  water  or 
alcohol: 

Tinclura  OpH    (Laudanum) :    Made  with   one-half  alcohol. 

Tinctura  Opii  Deodorati:  Made  with  one-fifth  alcohol  after  ex- 
haustion by  petroleum  benzin.     (This  is 

(See  Opium  Deodoratum.)  similar  to  McMunn's  Elixir  and  other 
patent  preparations.) 

Acetum  Opii. 

Vinum  Opii  (Sydenham's  Laudanum). 

Componnil  Uqnid  Preparations  Containing  Opium. 

For  Internal  Use: 

Tinctura  Ipecac,  et  OpU,  U.  S.  P. :  Opium  and  ipecac  each  10% ; 
ooe-half  alcohol  Dose:  0.2  to  (  c.c.  (3  to  15  m)  (0.5  c.c.  =  8  m, 
U.  S.  P.). 

Syrupus  Ipecac,  et  Opii,  N.  F.  (Dover's  syrup):  Each  dose.  4  c.c. 
(i  drachm)  ^0.35  Gm.  (5  grains)  of  Dover's  powder  or  .03  (jm.  (J^ 
grain)  each  opium  and  ipecac. 

*  Not  ofliciil 

Stndr  Hdetii  Medio  Lcnon  19. 
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Tinctura  OpH  Camfhorata,  U.  S.  P.  (Paregoric)  :  4  c.c.  (i  drachm) 
^0.016  Gm.  (l4  gram)  opium.  This  is  the  preparation  of  opium  usa- 
ally  given  to  children  in  the  following  doses :  For  a  child  two  days 
old,  2  drops;  five  days  old,  5  drops;  one  week  old,  6  drops;  one  year 
old,  10  drops;  two  years  old,  12  drops;  ten  years  old,  one-half  tea- 
spoonfui;  adults,  one  teaspoonful  (8  c.c.  =  23,  U.  S.  P.). 
For  External  Use: 

Lotto  Opii  et  Plutnbi,  N.  F. ;    Lead  acetate,  4.5  Gm.;  Tinct.  opium, 
9  c.  c.  i  water  q.  s.  350  c.  c 

Li<|aid  Opium  Preparations  of  the  British  [Hianiiacopffiia. 

Extractum  OpH  Liquidum:  contains  a7S%  of  morphin.    Dose:  0.6 
to  2  C.C.  (lo  to  30  minims). 

Tmctura  Opii  {Laudanum):  contains  0,75%  of  morphin.    Dose:  ao 
to  2  c  c.  (10  to  30  minims). 

Tinct.  Opii  Ammoniata:  contains  0.125%  of  morphin.    Dose;  2  to  4 
c.c.  <J4  lo  I  drachm). 

Tinct.  Camphors  Compotita    {Paregoric):    i   fluidrachm  =  j4  grain 
of  opium.    Dose:  2  to  S  c.  c.  (^  to  2  drachms). 
Lmimentum  Opii:   contains  0.375%  of  morphin. 
Moiphina    (U.  S,  P.),— C„H„NO,  +  H,0.— Prepared   from  opium. 
Soluble  in   3330  parts  water,   4464  ether,   168  alcohol;   more   freely   in 
acetic  ether  or  amyl  alcohol, 
Morphin  ScdU:    The  dose  of  these  is  8  to  15  mg.  {^i  to  H  gr.)  <1S 
mg.  =  'A   gr.,   U.S.  P.).     The   following   are   offi- 
cial: 

I  part  soluble  in 
water      alcohol 
Hydrochloridum  (U.  S.  P.,  B.  P.).— 

M.HCl  +  3H,0    17.3  42- 

Sulphas    (U.S.  P.).— M,.H,SO.  -H 

SHiO   153  465. 

Acetas   (U.S.P,,  B.P.).— M.GH.O. 

+  3H.O     2.35  31.6 

Tartras     (B.  P.).— M,.C.H,0,-|- 

3H1O    II.  insoluble 

*Syruput  Morpkins  Compositus,  N.  F. —  (For  Cough.) 

4  C.  e.   (i  drachm)  ^Morphin  sulphate  0.0032Gm.^'/»gr 

Ipecac  0.008      "  ^J^gr. 

Senega    04         "  =6  grs. 

Rhubarb    0.064      "  ^i    g^' 
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MorpUn   Preparatioiu  of  the   British   PbamMcoptria. 


SmTHnH 

POClNT. 

Dose. 

Mmtic. 

Apothe- 
caries'. 

Liquor  Morphiiue  Acetatis 

HydTOchloridi 
Tartratis 

iBJectio  Morphinse  Hypodennica, 

1 

0,6  to  3  c.  c. 
0.12  to  0.3  cc 

o.3toi^c,  e. 

10  to  50  rain. 

Snppositoria  Morphinx,  each  J4 

Ttochiscas   Morphin*.  each  '/« 

Trochiscus    Morphitue    ct    Ipe- 

cacnanlue,  each  '/■  grain 

Tinctura    Chloroformi    et    Mor- 

5  to  15  miiu 

Udeina  (U  S.  P.,  B.  P.)-—  Methyl -morphin,  C,iHu(CH.)NO.  + 
HiO.  The  dose  of  the  alkaloid  and  its  salts  is  0.015  to 
0.12  Gin.  {%  to  2  r)  (3omg.  =  ^  gr.,  U.S.P.). 

I  part  soluble  in 
vater     alcohol 

Cbdcin   88.  1.6 

Phosphate    (U.S.P.,  B.  P.).— Cod.H,PO. 

+  2H,0    2.25         261. 

Sulphate  (U.  S.P,).— Cod.JI.SO.+  sH.O.  30  I035- 

Syrupus  Codcinee  (B.  P.). —  i  fluidraehm^J^  grain  codein  phos- 
phate.   Dose:  2  to  8  c.  c.  {Vi  to  2  drachms). 

*  N«rcotiB.— Do*f;  0.2  Gm.   {3  grs.). 

*  Heroin  (Diaeetyl-morphin).—  Soluble  in  water  on  the  addition  of  a 
trace  of  acid  (acetic).    Dose:  0.005  to  o.oi  Gm.  ('/u  to  %  grain). 

*tferaliue  Hydrocbloridnin. —  A  white  powder,  is  freely  soluble  in 
water.  The  incompatibilities  of  heroin  and  dionin  are  those  of  alka- 
loids in  Reneral. 

*  Dlonln.— Ethyl -morphin  Hydrochlorid. —  A  white  bitter  powder, 
soluble  in  water  and  alcohol,  insoluble  in  ether  and  chloroform.  Dose: 
aoi5  to  0.02  Gm.  (J4  to  Ys  grain).  In  ophthalmology  it  is  applied  as 
a  10%  ointment  in  trachoma,  chronic  conjunctivitis,  etc.,  for  its  irri- 
tant action. 

Sangatnarla  i,V.S.V.).— Blood-root.— Vat  rhizome  and  rootlets  of 
S.  eanadeniis,  Papaveracese.  North  America.  Sanguinarin  and  other 
Alkaloids  of  the  protopin  series;  berberin  (which  causes  the  color); 

Preparations  (not  miscible  with  water) : 

Fluidexiractum  S.  (U.  S.  P.).— Diluted  acetic  acid.  Dose:  0.06  to 
03  ec  (I  to  5  minims)    (aic,c.=  i'^  m,  U.  S.  P.). 

Ttnclura  S.  (U.  S.  P.).— 10%;  two-thirds  alcohol,  acidified.  Dose: 
I  to  2  cc  (15  to  30  minims)    (i  cc.  =  i5  m,,  U.S.  P.). 

•Not  oKcial. 
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*  Cfaelldonlntn, —  Cetandme. —  The  root  of  Chelidonium  majiu,  Pa- 
paveracese.  Naturalized  in  North  America.  Chelidonin  Ct>HuNO(.HtO, 
alkaloids  of  the  protopin  series  and  berberin,  which  causes  the  color. 
Dote:     I  to  4  Gm.  (15  to  60  grs.). 

The  fresh   (red)  juice  is  irritant  and  is  used  popularly  to  remove 

(B)  CANNABIS  INDICA  AND  SIMILAR  DRUGS. 

In  this  rather  heterogeneous  collection,  a  number  of 
drugs  have  been  placed,  bearing  a  more  or  less  close  re- 
semblance to  morphin  in  their  action  upon  the  brain,  but 
otherwise  sufficiently  different  to  prevent  their  being  placed 
in  the  same  or  any  other  group;  namely,  Cannabis  indica, 
Anhalonium  and  other  cactus  products,  Lactucarium,  and 
Lupulin. 

They  have  no  therapeutic  importance.  Since  their  action 
is  largely  a  psychic  one,  which  cannot  be  completely  investi- 
gated on  animals,  they  are  very  little  understood. 

Cannsbii  Indica, —  This  drug  has,  at  least  in  this  country, 
a  theoretic  rather  than  a  practical  importance.  It  is  a 
powerful  stimulant  of  the  psychic  functions,  and  is  much 
used  in  the  Orient  for  this  purpose,  as  "  Hashish  "  and 
under  various  other  names ;  either  the  leaves  of  young  twigs 
or  the  resin  being  employed.  These  are  made  into  a 
confection  or  smoked  with  tobacco.  The  effect  is  the  same 
in  any  case.  The  user  at  first  becomes  very  happy  and 
hilarious.  Everything  amuses  him.  He  also  develops  very 
affectionate  tendencies,  and  thoroughly  believes  in  universal 
brotherhood.  Soon  he  becomes  unconscious  of  his  sur- 
roundings. His  ideas  scintillate,  but  he  cannot  fix  his  mind 
upon  any  subject.  The  rapid  passage  of  ideas  causes  time 
to  seem  very  long.  The  patient  often  has  a  hallucination 
of  double  personality.  From  this  condition  he  gradually 
passes  into  melancholia  and  then  into  a  deep  sleep. 

The  intoxication  differs  from  that  of  opium  by  the  greater 
activity  of  movement  and  of  imagination.  The  Oriental 
appears  to  be  transported  into  his  elysium  and  all  that  this 
implies.  With  Caucasians,  the  stimulating  effect  is  smaller, 
and  the  aphrodisiac  effect  seems  wanting,  but  the  intoxica- 
tion is  generally  of  a  pleasant,  jolly  type.  It  may,  how- 
ever, be  quite  short  and  often  absent,  and  is  always  fol- 
lowed by  melancholia  and  sleep.  On  account  of  the  latter, 
the  drug  has  been  recommended  as  a  hypnotic  It  is  stated 
that  it  is  not  fata!  even  in  very  large  doses,  but  experience 
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on  dogs  certainly  shows  that  it  presents  some  danger.  The 
habit  to  which  it  gives  rise  shows  less  effect  upon  the  aH- 
mentary  canal  and  less  marasmus  than  does  morphin,  but 
more  often  psychic  alterations,  dullness,  or  mania. 

Dogs  *  also  show  a  decided  narcotic  effect.  After  a  preliminary 
ataxia,  excitement,  and  nausea,  the  animals  usually  fall  into  a  deep 
and  prolonged  sleep,  during  which  the  sensation  of  pain  is  much  dim- 
inished, whilst  the  reflexes  persist.  Some  animals  show  acute  mania; 
a  fatal  ending  is  not  rare  from  doses  which  are  ineffective  in  other 
animals,  the  same  preparation  being  used.  Considerable  idiosyncrasy 
exists,  and  the  action  is  fairly  independent  of  the  dose.  The  effects 
cannot  be  obtained  by  hypodermic  administration  (on  account  of  the 
non- absorption  of  the  resin). 

Rabbits  seem   absolutely  insusceptible  to  the  action  of  Cannabis. 

Therapeutic  Uiet. —  Cannabis  is  a  rather  unsafe  and  un- 
certain hypnotic.  Its  use  is  not  advisable.  The  extract  is 
added  to  corn-remedies,  mainly  on  account  of  its  bright- 
green  color. 

CannabiB  Indica  (U.  S.  P.,  B.  P.).— Indian  Hemp  (Hashish,  Bhang, 
Ganja,  Charas,  Momeka,  etc.). —  The  flowering  tops  of  the  female 
plant  of  Cannabis  saliva,  Urticacex.     Collected  in  India. 

Botanically,  the  plant  is  identical  with  that  grown  in  the  temperate 
zone,  but  the  action  is  only  developed  in  certain  regions;  in  India 
itself  only  the  plants  growing  above  a  level  of  6,000  to  8,ooo  feet  exude 
the  resin  "  charas,"  which  is  considered  the  most  valuable. 

It  was  used  in  China  as  a  medicine  as  early  as  the  fifth  century  b.  C, 
but  the  Greeks  and  Romans  were  probably  not  acquainted  with  it.  It 
is  now  used  as  an  intoxicant  in  many  Eastern  countries. 

The  active  ingredient  is  a  resin,  cannabinol  (Fraenkel,  1903), 
CnHwOi.  which  presents  the  appearance  of  a  thick  reddish  yellow  oil, 
soluble  in  petroleum  ether,  etc  (not  identical  with  the  commercial 
"cannabinol ").  This  changes  by  oxidation  to  an  inactive  black  pitch. 
The  change  accounts  for  the  deterioration  which  the  drug  and  its 
preparations  undergo  in  keeping.  Cannabis  also  contains  a  volatile 
oil  (terpenes),  paraffin,  pitch,  etc.,  which  are  not  concerned  in  its  ac- 
tion. There  is  no  specific  alkaloid,  but  the  extracts  may  give  alkaloid 
reaction  from  the  formation  of  cholin  and  triamethylamin.  These  are 
also  not  connected  with  the  action.    The  fresh  extract  has  a  beautiful 

K'en  color  (if  prepared  without  excessive  heat),  due  to  chlorophvl. 
e  active  principle  is  completely  extracted  by  alcohol,  but  is  insoluble 
in  water.  Hemp  grown  in  Western  countries  ts  generally  devoid  of 
cannabinol,  and  is  inactive. 

Preparations  (alcoholic;  not  miscible  with  water): 

Exiractum  Cannabis  Indicx  (U.  S.  P.,  B.  P.) — Dose:  0.015  to  0.03. 
Gm.   (Vi  to  V2  grain)    (0,01  Gm,  =  ^  gr.,  U.  S.  P.). 

Fluidextraclum  Cannabis  Ind.  {V.S.'P.).—  Dose:  0.06  to  0.6  c.c. 
(1  to  10  minims)  (0.0s  c.c.=  i  n.  U-S.P). 

Tinclura  Cannabis  Indies,  ia%  (U.  S.  P.,  B.  P.).— Dose:  i  to  2  c.  c. 
(15  to  30  minims)    (0.6  c.c.  =  io  in,   U.  S  P). 

Cannabin,  an  alkaloid;  Cannabinol,  an  oil;  Cannabinon,  a  resin,  are 

<  ExcrciM  14-     Diion,   J  899- 
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found  on  the  market,  and  are  claimed  by  their  manufacturers  to  r^re- 
sent  the  active  principles.  They  have  not  been  subjected  to  sufficient 
scientific  investigation. 

Only  such  preparations  should  be  employed  as  have  been  tested  on 
dogs. 

Hops  are  credited  with  some  hypnotic  power,  but  this  is  at  best 
weak  and  uncertain.  The  somnifacient  action  of  beer  is  certainly  diK 
mainly  to  the  alcohol,  although  the  hops  may  contribute  to  iL  The 
old  beers  were  brewed  without  this  addition.  The  first  notice  of  such 
use  occurs  in  1050.  but  it  was  legally  prohibited  in  England  as  late 
as  1530.  At  present  the  diflkulty  lies  the  other  way,  brewers  some- 
times adding  other  bitter  substances  —  even  strychnin  and  picrotoxio 
have  been  reported. 

Humulua  (U.S.  P.)  [LupMrua,  B.  P.].  i/oM— The  dried  strobiles 
(female  flowers)  of  Huinulus  Lupulus,  Urticacese,  Cultivated.  The 
active  part  consists  in    small   glands,   which   can  be   separated  as  a 

Lupullnum  (U.S.  P.,  B.  P.).— Lu^uJifi.— Volatile  oil,  cholin,  resin; 
active  principle  not   determined. 

Two  acids  (  and  <v9  lupuHnic  acids)  are  present.  They  stimulate 
the  respiratory  and  vagus  centers ;  this  is  followed  by  depression. 
They  also  depress  the  cardiac  muscle.  Lupulin  contains  a  further, 
unknown,  constituent  which  is  insoluble  in  water  and  a  strong  cardiac 
poison.  All  these,  however,  are  not  active  when  administered  by  liit 
stomach,  and  are  therefore  not  concerned  in  the  action  of  the  drug. 
Dose:  0.2  lo  I  Gm.  (3  to  IS  grs.)  (0.5  Gm.  =  7l^  grs.,  U.  S.  P.). 
Preparatiofu:     U.S.P.:     (These  are  not  miscible  with  water.) 

Fluidextractum  Lupultni, —  Alcohol.     Dose:  o.sc.c.^8  III. 

Oleoresina  Lupulini. —  Acetone.    Dose:  0.2  Gm.=3  grs. 
B.P.: 

Tincttira  Lupuli.— 30% ;  one-half  alcohol.  Dost:  8  to  30  c.t  (a  to 
8  drachms). 

Infusvm  Lupuli.— Dose :  30  to  60  c.  c,  (i  to  3  ozs.). 

Lactucarlum  (II.  S.  P.) .—  Lei  luce- juice.— The  dried  milky  juke 
from  the  stalks  of  the  Lettuce,  Laciuca  virosa,  Compositx.     Cultivated. 

Resin,  gum ;  nature  of  active  principle  not  determined.  The  preseiice 
of  atropin  was  claimed,  hut  later  investigations  have  proven  this  errone- 
ous. Lettuce  leaves  and  lactucarium  are  credited  with  some  hypnotic 
power,  but  the  remedy  i.i  obsolete. 

Dose:  0.6  to  4  Gm.  (10  to  60  grs.). 
Preparalions: 

Syrupus  Laclttcarii  (U.  S.  P.).— 5^-    Dose:  8  c.  c  =  23. 

Tinclura  Lactucarii  (U.  S.  P.).— 50%.  Dil.  alcohol  and  glycerin. 
Dose:  2  e.  c.  =  30  ni. 

Related  to  the  stimulating  action  of  cannabis  are  certain  products 
obtained  by  the  Mexican  Indians  from  the  juices  of  various  cacti,  gen- 
erally by  fermentation.  The  most  interesting  of  these  is  the  roesol, 
prepared  from  Anhalonium  Lewinii.  This  contains  four  alkaloids 
which  agree  qualitatively  in  their  actions.  The  latter  are  quite  numer- 
ous :  a  slowing  of  the  heart,  a  curare  action  on  striped  muscles,  a 
specific  depression  of  the  respiratory  center,  and  a  simulation  of  other 
parts  of  the  central  nervous  system.  The  stimulation  is  shown  mainly 
in  certain  special  senses,  most  conspicuously  in  vision,  the  effect  ap- 
pearing as  a  loss  of  coordination.  It  produces  hallucination  of  all  the 
special  senses,  but  particularly  of  sight.  There  are  flashes  and  lino 
of  ever-changing  colors.  Since  they  are  the  same  in  both  eyes,  thej 
must  be  central  (Dixon,  1899). 
Study  Miieiia   Hrdic>  Lcsaon    ao. 
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9  not  at  alt  used  therapeutically,  although  the  euthanasia 
uces  even  in  small  doaes,  and  the  cardiac  depression  with- 
:tion  of  the  vessels,  might  possibly  be  useful. 

The  Mexican  drink  "  pulque,"  produced  by  the  fermentation  of  the 
juice  of  the  maguey  plant,  produces  an  alcoholic  intoxication  modified 
by  the  presence  of  other  substances,  perhaps  belonging  to  this  group. 
In  the  intoxication,  the  thought  and  language  are  low,  the  patient  is 
boisterous  and  quarrelsome,  and,  it  is  said,  generally  unhappy. 

Loco  IH«ea»e.— Horses,  cattle,  and  sheep  on  the  Western  stock 
ranches  are  subject  to  this  peculiar  disease,  which  bears  some  resem- 
blance to  drug-habits.  There  is  no  agreement  as  to  the  cause  of  this 
condition.  Marshall  (1904)  attributes  it  to  bad  feeding,  parasites,  etc. 
The  more  prevalent  opinion,  however,  refers  it  to  the  eating  a  number 
of  leguminous  plants  (loco  weeds  —  especially  Aragallus  spicatus). 
The  poisiHiing  may  be  acute  or  chronic,  i.  c,  death  may  result  in  a  few 
days,  or  the  disease  may  persist  for  years.  The  chronic  form  is  due 
to  an  acquired  tolerance,  the  animals  developing  a  craving  for  the  plant, 
a  regular  drug  habit.  "  The  sheep  may  be  seen  hurrying  with  tretiibling 
gait  from  one  low  plant  to  another,  devouring  each  with  nervous  haste. ' 
Normal  animals  avoid  the  plant,  but  may  be  induced  to  eat  it  by  the 
example  of  others.  The  eating  of  alkali  also  seems  to  pervert  the  ap- 
petite and  to  favor  the  acquirement  of  the  habit. 

The  symptoms  consist  m  motor  incoordination,  forced  movements, 
misjudgment  of  distance,  stupidly,  apparently  hallucinations.  In  the 
Ihe  chronic  form  (here  is  emaciation.  Death  is  preceded  by  coma  and 
convulsions.  When  extracts  are  administered  to  rabbits,  the  effects 
are  mainly  narcotic.     The  active  principle  is  said  to  be  an  acid. 

The  symptoms  consist  in  motor  incoordination,  forced  movements. 
pletely  if  the  drug  is  withheld,  although  horses  preserve  some  nervous 
disorder  permanently.  No  withdrawal  symptoms  appear  to  exist.  All 
the  animals  will  recur  to  the  habit  if  the  opportunity  is  given. 

C.  HYDRASTIS. 

Hydrastis  {Golden  Seal)  contains  at  least  three  alkaloids:  Hydras- 
tin,  Berberin  and  Canadin.  The  actions  are  due  mainly  to  hydrastin. 
BtrberiH '  acts  as  a  simple  bitter  in  small  doses.  Large  doses  cause 
a  fall  of  blood-pressure  from  vasomotor  paralysis  This,  as  also  its 
bitter  taste  and  the  yellow  stain  which  it  produces  on  linen,  render 
it  objectionable  in  the  therapeutic  use  of  hydrastis.  Canadin  resem- 
bles morphin  somewhat  in  its  action.  It  is  present  in  too  small  a 
quantity  to  be  of  practical   importance. 

Hydrastin  is  very  closely  allied  to  narcotin  in  its  composition  and 
actions.  The  two  alkaloids  also  yield  analogous  decomposition  prod- 
ucts: 


C»HaNO.-f-01        __-  „  ^  fG,H„Na 

Hydrastin.      1        —  CitH»Ui  I  Hydrastinin. 

C-H»Na  +  20  [        Opianic  Acid.  C..H,.NO, 

Narcotin.         J  I  Cotarnm. 

Actions  of  Hydrastin  and  Hydrastis. —  Moderate  doses  produce  a 
strychnin  effect  on  the  spinal  cord,  the  paralytic  phase  being  quite 
prominent.    There  is  no  narcosis.    Hydras«in  is  allied  to  the  protopin 


'Berberin   b  an   mtenxl)'   yellow  alkak 
in  Berbcri*  vnlgari*,   Xunhoxylon.   Oqitii,  1 
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^roup  (see  page  191),  in  that  it  has  a  weak  local  anesthetic  action,  and 
in  producing  a  paralysis  of  the  cardiac  and  ^eletal  musdes.  Large 
doses  produce  a  fall  of  blood -pressure  through  central  vagus  stimula- 
tion, and  vasomotor  and  cardiac  paralysis.'  Therapeutic  doses  produce  a 
rise  of  blood  pressure,  but  the  statements  of  different  investigators  are 
quite  contradictory  as  to  the  importance  of  this  effect :  Some  claim  that 
the  rise  is  lar^e  and  persistent  1  others  that  it  is  small  and  short  Some 
insist  on  a  direct  stimulation  of  the  cardiac  and  arterial  muscle,  whilst 
others  refer  the  effects  to  the  strychnin  action.  It  is  not  unlikely  that 
the  uncertain  results  are  due  to  the  presence  of  decomposition  products. 
With  so  much  variability  in  tlie  effects,  it  seems  only  safe  to  conclude 
that  the  rise  of  blood  pressure  is  uncertam,  and  usually  small  and  short, 
and  that  it  is  soon  followed  by  a  fall,  due  to  vasodilatation  and  cardiac 
depression  (Marfori,  i8go). 

Therapeiitio  Vte*. —  Hydrastis  has  been  used  internally  as 
a  stomachic  (due  to  the  berberin) ;  in  epilepsy  (empiric) ; 
and  to  check  internal  hemorrhage.  This  last  use  is  based 
on  the  supposed  vasoconstriction.  Locaily  it  is  used  espe- 
cially on  the  gen i to-urinary  tract,  in  catarrhal  conditions 
and  hemorrhage.  The  therapeutic  uses  of  hydrastis  are 
not  endorsed  by  experimental  data,  and  the  clinical  evidence 
appears  insufficient  to  establish  their  value. 

Hydrastinin.^ —  Hydrastin  splits  by  hydration  into  opi- 
anic  acid,  and  a  new  alkaloid,  hydrastinin,  the  actions  of 
which  differ  radically  from  those  of  its  mother-substance. 
It  has  lost  the  spinal  actions  and  the  paralytic  effects  on 
muscle.  These  are  replaced  by  a  direct  stimulation  of  car- 
diac and  arterial  muscle,  and  by  a  stimulation  of  the  me- 
dulla. This  is  succeeded  by  paralysis,  death  occurring 
through  stoppage  of  the  respiration. 

The  most  conspicuous  effect  of  moderate  doses  is  a 
marked  and  persistent  rise  of  blood  pressure,  due  to  the 
stimulation  of  the  vasomotor  center,  and  of  the  cardiac  and 
arterial  muscle.  (The  kidney  vessels,  however,  are  dilated. 
Paldrock,  1896.)  This  pressure  effect  is  not  followed  by 
a  compensating  fall,  so  that  hydrastinin  should  be  an  ideal 
drug  for  raising  the  blood  pressure  (in  shock,  hemorrhage, 
etc.).  It  has  not,  however,  been  tried  sufficiently  to  decide 
on  its  value. 

Cotarnin. —  Narcotin  also  splits  by  hydration  into  opi- 
anic  acid,  and  cotamin  (trade  name:  stypticin).  This  re- 
tains the  narcotic  action  of  narcotin,  but  has  lost  the  strych- 
nin-effect. It  has  been  recommended  against  hemorrhage, 
and  good  results  are  claimed  for  it.  No  satisfactory  ex- 
planation is  offered  except  that  it  lowers  the  blood-pressure 


.dbyCoogle 


through  vasomotor  depression.  It  is  also  said  to  start 
uterine  contraction.  More  extensive  experience  is  needed 
before  the  value  of  this  drug  can  be  considered  as  proven. 

Hydrastis  (U.S.  P.)  [Hydrmstli  Rhtzoma,  B.P.].— The  rhizome 
and  roots  of  Hydrastis  canadenit,  Ranuncula!:ex.      North  America. 

Berberin,  3  to  4% ;  hydrastin,  at  least  a.5%,  U.  S.  P. ;  canadin ;  resin. 
Preparaliotu: 

FltiidexIraetuiH  Hydrastis  (U.  S.  P.)  [Ex.  H.  Liquidum.  B.  P.J.— 
Six-tenths  alcohol,  one-tenth  glycerin.  Miscible  with  water  or  alcotiol. 
a%  hydrastin.  Dose:  3  to  8  c.c  (J4  to  2  drachms)  (2  c.c.^30  m., 
U.S.  P.). 

Glyceritum  Hydrastis  (U.  S.  P.). —  A  fluid  extract  having  equal  vol- 
nmes  of  glycerin  and  water  as  menstruum.  Useful  as  injection.  Mis- 
cible with  waler  or  alcohol.  Dose:  2  to  8  c.c  (M  to  2  drachms)  (2 
c.c.  =  30  m-,   U-S.P.). 

Tinctura  Hydrastis  (U.S.  P.,  B.P.).— 30%;  04%  hydrastin.  one- 
balf  alcohol  Dose:  8  to  ao  cc.  (2  to  5  drachms)  (4  cc.^i3. 
U.  S.  P.). 

Hydrastina  (U.  S.  P.),  CbHbNO*— Insoluble  in  water,  soluble  in 
135  alcohol.  Not  employed  externally  on  account  of  its  insolubility. 
Dose:  o.oio  to  0,03  Gm.   {H  to  'A  grain)   (ro  mg.^H  gr..  U.  S.  P.). 

Hydraslinina  Hydrochloridam  (U.S-P.),  G.H.iNO,. HO.— Prepared 
by  the  oxidation  of  hydrastin  with  nitric  acid.  Soluble  in  0.3  water  or 
3  alct^ol.    Dose:  30  mg.=  W  gr.    Hypodermically  in  10%  solution, 

*  ColarnitKg  Hydrockloridum  (Stypticin). — Yellow  powder,  soluble  in 
water  or  alcohol.  Dose:  o.oi  to  0,3  Gm.  {I'A  to  4  grs.)  by  mouth,  or 
in  10%  injection. 


CHAPTER  X. 
COCAIN  GROUP. 

I.  DERIVATION. 


Cocain  is  derived  from  the  leaves  of  Erythroxylon  Coca,  a  tree  in- 
digenous to  South  America.  The  leaves  were  chewed  from  time  im- 
memorial hy  the  natives  to  relieve  fatigue  and  hunger,  and  also  to 
prodtice  ps>[chic  stimulation  somewhat  after  the  manner  of  cafFein.  It 
IS  now  cultivated  in  some  other  tropical  countries. 

On  the  first  introduction  of  the  leaves  into  Europe  the  effects  were 
disappointing,  and  the  statements  of  the  explorers  were  regarded  as 
travelers'  tales.     These  disappointing  results  were  due  to  the  fact  that 

the  sensations  for  which  i'  '  

fatigue  —  did    not   exist   ti 
vc^  largely  into  disuse. 

The  discoverer  of  cocain  (Niemann,  i860)  and  several  others  had 
observed  the  anesthetic  action  of  the  tongue,  but  this  did  not  attract 
the  attention  of  medical  men,  perhaos  because  the  observers  were 
mainly  chemists.  The  first  classical  pharmacologic  work  on  the  drug 
was  done  by  von  Anrep  (1880).  The  introduction  of  cocain  as  a 
practical  local  anesthetic  is  mainly  due  to  Koller  (1884). 
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The  principal  action  of  cocain  —  the  local  anesthesia  —  is  also  pos- 
sessed by  a  number  of  Other  drugs ;  but  since  these  differ  considerabljr 
in  other  respects,  their  actions  will  be  described  separately. 

II.  SUMMARY  OF  ACTIONS. 

1.  Cocain  is  a  strong  general  protoplasmic  poison,  par- 
alyzing all  cells  with  which  it  is  placed  in  contact.  How- 
ever, it  acts  more  strongly  on  some  than  on  others. 

2.  Its  local  application  paralyzes  nerve  cells,  fibers  and 
endings.  Sensory  nerves  are  the  most  sensitive;  so  that 
cocain  acts  as  a  local  anesthetic.  The  structures  generally 
recover  completely  when  the  cocain  is  removed. 

3.  It  produces  a  local  vasoconstriction  at  the  place  of 
application. 

4.  It  dilates  the  pupil,  both  with  direct  and  systemic  ad- 
ministration, by  sympathetic  stimulation,  central  and  peri- 
pheral. 

5.  On  systemic  administration  it  causes  an  irregular,  but 
on  the  whole  a  descending,  stimulation  and  paralysis  of  the 
entire  central  nervous  system. 

6.  It  produces  a  specific  rise  of  temperature,  by  stimu- 
lating the  thermogenetic  center  of  the  caudate  nuclei. 

7.  It  causes  a  vacuolar  degeneration  of  the  liver  cells  in 
rabbits. 

8.  Its  continued  use  leads  to  the  formation  of  a  habit 
resembling  morphinism. 

III.  DETAILS  OF  ACTION. 

The  systemic  effects  of  cocain  are  rather  variable  and  complex,  de- 
pending largely  upon  the  dose.  Whilst  all  structures  are  first  stimu- 
lated and  then  paralyzed,  the  susceptibility  to  the  poison  is  not  uni- 
form. Indeed,  some  portions  of  the  nervous  system  show  only  stimu- 
lation, death  occurring  before  the  paralysis  of  these  structures  is 
reached.  On  this  account  also,  the  peripheral  actions  are  only  pro- 
duced by  local  application. 

Central  Herrooi  Syitem. — (a)  The  frog  shows  at  first 
symptoms  of  stimulation  by  increase  of  the  voluntary  move- 
ments and  exaggeration  of  the  reflexes,  sometimes  leading 
to  convulsions.  This  is  followed  by  paralysis  of  the  whole 
central  nervous  system. 

(b)  The  symptoms  in  mammals  resemble  at  once  those 
of  poisoning  by  atropin,  morphin,  and  caffein. 

(A)  Brain. —  The  first  effect  is  a  well-marked  stimula- 
tion of  the  higher  parts  of  the  brain  (caffein  action).     This 
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is  shown  in  animals  by  increased  movement,  which  is  per- 
fectly normal  in  character.  In  man  there  is  a  certain 
amount  of  psychic  stimulation  and  also  wakefulness.  A 
greater  endurance  against  fatigue  and  hunger  is  also  no- 
ticed. 

How  for  this  may  be  due  to  a  stimulation  after  the  manner  of  caffein, 
or  to  a  narcosis,  after  the  manner  of  moriiJiin,  is  impossible  to  state. 
It  is  not  at  all  unlikely  that  both  play  a  part.  In  regard  to  the  sensa- 
tion of  hunger,  it  is  also  probable  that  local  anesthetization  of  the 
stomach  aids  in  the  effect. 

The  resistance  to  fatigue  can  be  demonstrated  with  the  ergograph. 

Another  evidence  of  the  stimulating  action  of  cocain  is  furnished 
bjr  the  fact  that  animals  to  which  it  nas  been  administered  are  more 
difficult  to  put  and  to  kee^  under  chloroform  or  other  anesthesia.  The 
stimulation  is  greatest  with  excitable  individuals,  and  may  seriously 
interfere  with  operations. 

This  stage  of  stimulation  may  be  very  short  or  even  ab- 
sent. With  somewhat  larger  doses  it  may  be  followed  by 
depression,  first  of  the  coordinating  functions.  The  move- 
ments lose  their  purposive  type  and  become  choreic.  There 
is  then  a  general  narcosis  after  the  manner  of  morphin. 

This  is  followed  by  convulsions. 

The  seat  of  these  has  not  been  exactly  determined.  They,  like  the 
other  effects,  are  probably  descending,  and  the  different  convulsive  cen- 
ters may  be  affected  in  succession.  In  some  stages  at  least  they  seem 
to  reside  exclusively  in  the  hind  brain. 

If  the  paralysis  is  rapid,  the  convulsive  stage  may  not 
appear. 

The  thernwgenetic  center  is  stimulated,  so  that  there  is  a 
rise  of  temperature. 

The  thermal  action  of  cocain  is  exerted  upon  heat  production,  for  it 
is  not  effective  after  curare  (which  cuts  down  heat  production  by  pre- 
venting muscular  movement).  The  heat  dissipation  is  a  trifle  increased 
as  an  indirect  consequence,  t.  e.,  through  the  rise  of  temperature.  The 
increased  heat- production  Is  n<^  due  to  the  convulsions^  for  it  occurs 
in  the  absence  of  the  latter  (nevertheless,  when  they  exist,  they  con- 
tribute to  the  thermal  action,  as  do  also  the  psychical  and  cerebro- 
DKitor  excitement).  The  cocain  must  therefore  produce  its  action  di- 
rectly on  a  thermogenetic  center  (Reiekert,  1002). 

The  following  centers  are  generally  accepted  by  physiologists  as  regu- 
lating heat  production:  (i)  A  general  or  reflex  thermogenetic  center 
in  the  spinal  cord,  which  acts  on  the  muscles  through  specific  nerve 
fibers,  and  which  is  able  to  keep  up  the  normal  heat  production  for 
some  hours  even  in  the  absence  of  the  higher  centers.  The  latter  act 
through  the  spinal  center.  (3)  A  thermoaccelerator  center  in  the  cau- 
date nucleus,  and  (3)  another  in  the  pontobulbar  region:  these  differ 
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somewhat  in  their  functions.     (4)    A  thermoinhibitOTy  center  in  the 
(crucial)  cerebral  cortex. 

These  centers  regulate  the  specific  heat  production,  which  has  its  mU 
mainly  in  the  muscles.  A  large  amount  of  heat  is  also  generated  in 
the  body  incidental  to  the  normal  phj^siologic  activity  of  the  muscles, 
etc.  The  specific  heat  production  varies  normaJly  in  inverse  ratio  to 
the  incidental  generation  of  heat,  so  that  the  total  heat  production  is 
kept  nearly  constant.  The  action  of  cocain  is  not  upon  the  cord,  nor 
on  the  pontobulbar  centers,  for  it  does  not  occur  on  section  of  the 
crura  cerebri.  Nor  does  it  act  on  the  crucial  centers,  for  it  is  effective 
after  the  ablation  of  these.  Its  action  consists,  therefore,  in  a  stimub- 
lio«  of  the  caudate  nuclei;  a  conclusion  which  is  confirmed  by  their 
extirpation :  as  long  as  any  of  the  nuclear  substance  remains,  cocain 
produces  its  effect,  but  it  has  no  result  if  the  excision  is  complete. 

(B)  The  medulla  is  affected  at  quite  an  early  stage. 
The  respiration  is  at  first  accelerated.  During  the  spasms 
it  is  irregular.  The  volume  then  diminishes.  It  may  as> 
sume  the  Cheyne-Stokes  type.  Respiratory  paralysis  is  the 
usual  cause  of  death. 

}  fail  when  the  cocain  is  applied  focallT 


The  vasomotor  center  presents  an  early  stimulation  and 
much  later  paralysis.  The  changes  in  this  center  account 
for  the  variation  in  the  quantity  of  urine,  which  may  be 
increased,  but  is  more  often  diminished. 

The  vagus  center  is  first  stimulated,  but  suffers  depres- 
sion quite  early. 

The  effects  on  the  general  circulation  are  partly  central, 
partly  peripheral.  They  vary  according  to  the  dose,  as 
shown  diagramatically  in  Fig.  54. 

The  effects  also  vary  somewhat  with  different  individuals,  as  some 
are  much  more  susceptible  to  srtiall  doses,  or  to  certain  phases  of  the 
action.     The  typical  actions  are  briefly  as  follows : 

Very  small  doses  diminish  the  pulse  rate,  by  stimulatiwi  of  the  vagus 
center.  There  is  a  quick  rise  of  blood  pressure  from  stimulation  of 
the  vasomotor  center;  this  is  followed  by  a  temporary  ftiU  due  to  the 
slowing. 

Moderate  doses  quicken  the  pulse,  mainly  by  central  a«d  peripheral 
depression  of  the  vagus,  with  some  stimulation  of  the  accelerator  cen- 
ter. The  pressure  rises,  from  stimulation  of  the  vasomotor  center, 
aided  by  the  faster  heart  rate.  It  occurs  also  in  the  absence  of  con- 
vulsions. 

Large  doses  cause  a  great  fall  of  pressure  and  slow  and  weak  pabe^ 
from  the  depression  of  the  medullary  centers  (collapse)  and  01  the 
cardiac  muscle. 

The  effect  on  the  heart-rate  demands  some  further  discussion:  The 
slowing  from  small  doses  does  not  occur  if  the  vagi  have  been  cnt,  so 
that  it  is  of  central  origin.    The  guickening  from  moderate  doses  i* 
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also  less  marked  if  the  vagi  have  been  divided,  so  ihat  it  is  probably 
due  in  part  to  a  depression  of  the  vagus  center.  The  vagus  ganglia 
are  also  depressed,  for  electrical  stimulation  of  the  vagus  jrunk  is 
only  partly  successful.  In  the  frog  these  ganglia  can  be  paralyzed 
completely  by  the  local  application  of  cocain.  but  In  the  Intact  mant' 
mal  the  pardysis  is  not  complete.  Some  quickening  occurs,  however, 
even  when  the  vagi  have  been  divided,  but  none  is  seen  if  the  accelera- 
tors  have  also  been  cut.  The  excised  heart  ( Hedbom-Lan^endorft 
method)  shows  a  lessening  of  both  rate  and  systole.  This  justifies 
the  conclusion  that  there  must  also  be  a  stimulation  of  the  accelerator 
center.  The  Snal  slov.'ing  is  due  to  a  direct  paralysis  of  the  muscle, 
for  it  is  accompanied  by  weakening  of  the  contraction,  and  It  occurs 
after  atropin,  and  in  the  excised  heart.  The  intravenous  injection  of 
cocain  has  a  very  pronounced  effect  on  the  splanchnic  circulation. 
The  intestines  appear  unusually  pale.  Handling  of  the  viscera  and 
other  measures  of  "  shock "  which  cause  a  splanchnic  dilation  and 
consequent  fall  of  blood-pressure  in  normal  animals,  have  less  or  no 
effect  after  cocain.  Burning  and  stimulation  of  the  sciatic,  which 
cause  a  rise  of  pressure  normally,  are  also  ineffective.    It  has  not  been 


Rf .    j^. —  Diomm   of    thi 


investigated  whether  this  want  of  response  is  ■ 
aGEercnt  impulses;  to  a  peculiar  condition  of  the 
to  a  blocking  of  the  splanchic  (Crile,  1901). 


The  vomiting  which  frequently  occurs  in  cocain  poison-  _ 
ing  is  perhaps  due  to  the  medullary  stimulation,  but  its 
mechanism  has  not  been  fuliy  investigated, 

(C)  Spinal  Cord. —  In  frogs  in  which  the  brain  has  been 
removed,  cocain  causes  at  first  an  increase  of  the  reflexes,  ^ 
then  convulsions,  and  finally  total  paralysis.     In  intact  ani- 
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mals  this  effect  is  obscured  by  the  action  on  the  higbei 
centers  of  the  nervous  system. 

The  results  of  applying  cocain  directly  to  the  cord  will 
be  considered  later. 

Effect  on  Metaboliim. —  In  rabbits,  large  doses  of  cocain  cause 
rapid  toss  of  weight.     The  quantily  of  urine,   its   specific  gravity,  and 

particularly  the  urea,  are  diminished,  whilst  the  incompletely  oxidized 
(extractive)  nitrogen  is  increased.  During  recovery,  the  quantity  of 
urine  returns  promptly  to  normal  or  above;  the  disturbances  of  the 
nitrogen  metabolism  persist  for  some  time  (Maestro,  1904). 

THE  LpCAL  ACTION  OF  COCAIN.' 
(A)  When  cocain  is  brought  intQ  contact  with  the  nerve 
endings,  it  paralyzes  them  in  certain  situations.  In  the 
skin  it  affects  those  having  to  do  with  pain  and  touch,  but 
in  a  lesser  degree  or  not  at  all,  those  having  to  do  with 
temperature.  In  the  nose  it  abolishes  the  sense  of  odor; 
in  the  tongue,  the  taste,  especially  for  bitter,  less  for  sweet 
and  sour  substances ;  it  has  no  effect  on  salty  taste. 

Like  quite  a  number  of  other  poisons, —  ether,  alcohol, 
chloroform,  carbolic  acid,  etc., —  it  produces  a  temporary 
paralysis  of  the  nerve-trunk  to  which  it  is  directly  applied. 

.  If  fairly  strong  solutions  are  used,  the  paralysis  is  as  complete  as 
if  the  nerve  were  divided  will)  a  knife,  and  it  can  be  produced  on  all 
kinds  of  nerves.  If  the  solution  is  washed  away,  the  nerve  soon  re- 
covers its  functions  completely.  Veiy  strong  solution  ,can  produce 
neuritis  and  permanent  paralysis.  With  solutions  weaker  than  ]4% 
the  paralysis  is  incomplete;  ganglia  are  paralyzed  most  readily,  then 
sensory  fibers,  the  motor  fibers  being  the  most  resistant. 

This  selective  paralysis  is  also  seen  in  other  fibers ;  when  applied  to 
the  appropriate  mixed  nerves,  the  centripetal  vagus  fibres  arc  paralyzed 
before  the  centrifugal;  Ihe  vasoconstrictors  before  the  vasodilators; 
the  bronchial  constrictors  before  the  dilators;  etc.  (T)ixon,  1904). 
The  cocainization  of  the  vagus  has  been  suggested  in  cases  of  vagus 
cardiac  standstill  during  operation. 

The  injection  of  cocain  into  the  spinal  subdural  camJ 
acts  in  the  same  manner,  i.  e.,  by  paralyzing  the  sensory 
fibers  of  the  nerve  roots.  In  this  way  a  complete  anesthesia 
to  pain,  less  to  touch,  may  be  produced.  The  motor  nerves 
are  but  slightly  interfered  with,  while  consciousness  re- 
mains normal. 

When  cocain  is  applied  to  a  mucous  membrane,  it  ren- 
ders it  anemic.     This  is  probably  due  to  a  local  stimulating 
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action  on  the  arterial  walls,  although  the  cause  is  not  cer- 
tain. This  effect,  as  well  as  the  toxic  action  on  protoplasm, 
produces  an  astringent  sensation  and  an  actual  contraction 
of  vascular  formations,  such  as  polypi.' 

In  all  these  sensory  effects  there  is  no  stimulation,  such 
as  would  be  evinced  by  pain,  etc. 

It  is  claimed  that  cocain  produces  certain  histolosic  changes  m  the 
sensory  corpuscles  of  Herbst  and  Vater-Pacini.  None  have  as  yet 
been  demonstrated  in  nerve  trunks  or  the  spinal  cord  after  the  in- 
jection  of  cocain,  but  the  methods  were  perhaps  not  sufficiently  deli- 
cate. 

With  the  application  of  2%  to  10%  solution  to  the  mu- 
cous membranes,  the  anesthesia  appears  in  a  few  minutes 
and  lasts  ten  to  thirty  minutes. 

Very  large  doses  also  paralyze  the  motor  endings  in 
frogs. 

(B)  Action  of  Cocain  on  the  Eye.' — When  cocain  is 
administered  either  locally  to  the  eye  or  systemically,  there 
is  usually  a  submaxtmal  dilation  of  the  pupil.  The  iris, 
however,  still  reacts  to  light.  The  accommodation  is  also 
impaired  so  that  the  punctum  proximum  is  more  distant. 

The  mydriasis  differs  from  that  produced  by  atropin,  in 
the  persistence  of  the  reaction  to  light,  and  the  dilatation  is 
less  complete.  It  also  differs  in  several  other  respects: 
Pilocarpin  and  muscarin  produce  constriction  easily  after 
cocain,  but  not  so  readily  after  atropin.  Cocain  also  pro- 
duces a  contraction  of  the  vessels  of  the  iris.  The  eyelids 
stand  wide  open:  there  is  exophthalmos.  The  intraocular 
tension  is  reduced.  These  phenomena  correspond  exactly 
to  those  produced  by  the  stimulation  of  the  cervical  sympa- 
thetic. 

When  the  sympathetic  fibers  have  degenerated  (eight 
days  after  extirpation  of  the  superior  cervical  ganglia)  the 
cocain  is  inactive  to  the  eye.  Its  effects  must,  therefore. 
be  due  to  stimulation  of  the  sympathetic,  and  since  they  do 
not  disappear  immediately  after  section  of  this  nerve,  but 
only  after  it  has  become  degenerated,  this  stimulation  must 
reside,  at  least  in  part,  in  the  endings.  But  since  it  is  then 
much  weaker,  it  must  be  in  part  central  (Schu!tz). 

The  atropin  dilatation  is  caused  by  paralysis  of  the  oculomotor  end- 
ings.    This  plays  no  part  in  the  cocain  action  except  with  very  strong 
dilalea  the  vomIi  on  local  application. 
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solutions,  for  stifnuUtion  of  the  oculomotor  trunk  still  causes  con- 
traction. 

In  birds'  eyes  cocain  produces  no  dilatation,  whereas  in  frogs  it  is 
very  marked. 

In  addition  to  the  mydriasis,  it  of  course  also  produces 
anesthesia  and  destruction  of  reflexes,  such  as  winking, 
when  locally  applied. 

Cocain  sometimes  produces  cloudiness  and  even  gangrene 
of  the  cornea,  due  to  its  protoplasmic  toxicity  and  to  the 
drying,  etc.,  resulting  from  the  abolition  of  the  reflexes. 

The  hypodermic  injection  may  also  lead  to  abscess  formation. 

Cocain  has  practically  no  effect  on  secretion,  nor  has  it  any  action 
on  metabolism  beyond  the  increase  of  temperature,  which  has  already 
been  noted. 

It  is  toxic  to  the  lower  forms  of  animal  life  (infusoria,  etc),  but 
scarcely  to  bacteria. 

Fate. —  The  cocain  is  almost  completely  destroyed  in  the 
organism  of  mammals,  not  even  ecgonin  is  found  in  the 
urine.  Outside  of  the  body,  it  is  readily  decomposed  by 
heating  into  benzoic  acid  and  ecgonin. 

This  occurs  if  solutions  are  healed  for  some  time  above  80°  C 
(176*  F.).  Cocain  solutions  cannot,  therefore,  be  sterilized  by  boiling, 
but  the  object  may  be  effected  by  bringing  the  solution  repeatedly  to 
80°  C.  and  cooling  between. 

IV.  TOXICOLOGY. 

This  is  of  special  importance,  since  cocain  poisoning  is  not  a  very 
uncommon  occurrence  in  the  therapeutic  employment  of  the  drug. 
Very  large  amounts  are  sometimes  used  in  a  most  careless  manner 
for  local  anesthesia,  and  since  the  absorption  is  fairly  rapid,  serious 
and  even  fatal  results  may  follow.  The  uncertainty  of  the  absorption 
accounts  in  part  for  the  varying  intensity  of  the  effects.  In  some 
cases  3  drops  of  a  4%  solution  (^0.005  Gms.)  in  the  conjunctival 
sac  caused  serious  collapse :  whilst  very  much  larger  doses  produced 
no  effect  in  other  cases.  The  ordinary  fatal  dose  lies  about  o.a  Cm. 
(3  graina).    The  smallest  quantity  which  has  proved  fatal  is  0.08  Cm. 

The  symptoms  of  acute  cocain  poisoning  are  somewhat 
variable.  There  may  be  excitement  followed  by  depres- 
sion and  melancholia,  or  the  former  may  be  absent.  When 
the  drug  is  taken  by  the  mouth,  there  is  often  the  sensation 
of  pricking  of  the  tongue,  nausea,  vomiting,  abdominal 
pain,  etc. 

The  pupils  are  dilated  and  the  accommodation  impaired. 
The  heart  is  quickened  and  shows  palpitation ;  the  respira- 
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tion  is  accelerated  and  deepened,  and  later  shallow  and 
irr^ular  and  then  Cheyne-Stokes ;  the  skin  is  pale  and 
cyanotic  and  often  exhibits  the  sensation  of  formication. 
There  is  a  feeling  of  faintness,  vertigo,  flickering  before  the 
eyes,  then  coma.  The  reflexes  are  heightened  and  may 
pass  into  choreic  movements  or  general  convulsions.  This 
is  followed  by  collapse.  The  cause  of  death  is  respiratory 
foilure.  The  postmortem  appearances  are  those  of  as- 
phyxia. 

TTie  treatment  consists  in  evacuation  of  the  stomach  and 
chemic  antidotes  if  the  drug  has  been  taken  by  the  mouth ; 
otherwise,  of  the  collapse  treatment :  Strychnin,  caffein, 
ammonium  carbonate,  sinapism  to  the  chest  and  abdomen. 
The  head  should  be  lowered.  During  the  convulsions, 
chloroform  and  artificial  respiration.  Amyl  nitrite  is  rec- 
ommended. 

Chronic  Cooain-poiioiiiiig. —  The  effects  of  the  cocain  habit 
are  essentially  the  same  as  those  of  opiumism,  but  may 
usually  be  differentiated  by  the  fact  that  cocain  produces 
mania,  epileptiform  convulsions,  and  dilatation  of  the  pu- 
pils. The  psychic  functions  suffer  even  more  severely  than 
in  morphinism.  There  are  insomnia,  hallucinations,  apa- 
thy, and  melancholia.  In  addition,  it  produces  marked 
digestive  disturbance,  hunger  alternating  with  thirst,  and 
constipation.  After  this,  marasmus,  debility,  emaciation, 
anemia,  edema,  and  ascites. 

On  withdrawal  it  presents  abstinence  sjmiptoms  similar 
to  those  of  morphin,  but  not  quite  so  violent.  Cocain  was 
at  one  time  used  for  breaking  up  the  morphin  habit,  but  it 
should  not  be  thus  employed,  since  the  cocain-habit  is  the 
more  dangerous. 


The  abuse  of  cocain  is  unfortunately  greatly  on  the  increase,  espe- 
cially amongst  negroes  and  the  lower  classes.  The  habit  develops 
more  rapidly  than  morphinism,  and  is  more  difficult  to  cure.  A 
tolerance  is  acquired,  and  it  is  said  that  as  much  as  3  Cms.  per  day 
are  sometimes  taken. 

V.  THERAPEUTICS. 

1.  Central  Herroiu  System. —  As  a  brain  stimulant,  against 
&tigue,  and  as  a  general  tonic,  it  has  no  advantages  and 
many  disadvantages  as  compared  with  other  substances, 
especially  caffein  and  strychnin. 

S.  Its  main  use  is  for  the  prodnotion  of  local  anettheiia, 
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especially  in  minor  operations.  The  cocain  abolishes  the 
sensation  of  pain  more  or  less  completely  in  about  five 
minutes,  the  anesthesia  lasting  for  about  half  an  hour. 
Solutions  of  2  to  5%  are  applied  to  the  surface  of  mucous 
membranes,  or  injected  under  the  skin.  Stronger  solutions 
are  dangerous  and  offer  no  advantage.  Application  to  the 
surface  of  the  skin  is  useless,  since  the  drug  is  not  absorbed 
by  this  channel.  Mucous  surfaces,  on  the  other  hand,  ab- 
sorb it  readily.  The  local  action  ceases,  and  the  undesired 
systemic  action  appears,  as  the  alkaloid  is  absorbed  into 
the  circulation.  It  is  therefore  desirable  to  limit  the  local 
circulation,  e.  g.,  by  a  constricting  rubber  band.  The  vaso- 
constrictor action  of  the  cocain  itself  aids  in  lessening  its 
absorption;  this  effect  may  be  heightened  by  the  addition 
of  the  suprarenal  alkaloid  (i:ioooo  to  i  :iooooo). 

In  eye  and  larynx  operations  the  abolition  of  reflexes  and 
the  diminution  of  hemorrhage  are  very  useful  side-actions. 
In  connection  with  its  action  on  the  eye,  it  must  be  remem- 
bered that  it  does  not  anesthetize  the  iris  when  applied  to 
the  cornea. 

Cocain  is  also  very  useful  in  the  treatment  of  diseases 
which  appear  to  be  due  to  heightened  irritability  of  the 
peripheral  endings,  such  as  hay-fever  and  asthma.  In  these 
the  cocainization  of  the  nasal  mucous  membrane  is  often 
specific.  The  astringent  action  renders  it  very  effective  in 
acute  coryza.  The  danger  of  the  formation  of  the  habit 
very  often  interferes  with  its  use. 

One   per   cent. 

Cocain  is  also  useful  locally  in  hemorrhoids,  producing 
contraction  and  diminishing  pain.  It  has  been  taken  by 
the  stomach  to  prevent  vomiting  and  dyspeptic  pain. 

3.  For  the  use  of  cocain  in  lai^^  operatioiu  a  number  of 
methods  have  been  proposed. 

The  inHltration  method  of  ScMeich  consists  in  the  injection  of  very 
dilute  solutions  ('/,«  to  ]/i%),  under  considerable  pressure,  into  the 
veiT  place  where  the  incision  is  to  be  made. 

The  object  is  to  produce  a  local  edema,  which  supports  the  action 
of  the  cocain  by  causing  local  anemia  and  by  compressing  the  nerve 
filaments.  The  injections  can  be  made  with  an  antitoxin  syringe  with 
a  long  needle,  by  means  of  which  the  solution  is  first  injected  into 
(not  under)  the  epidermis,  so  as  to  raise  a  blister.    The  needle  being 
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I.  11.  III. 

Cocain  (or  eucain,  etc.) o.a  o.i  aoi 

Morphin    0.025  0-O35  o<»S 

NaO    oiz  0.2  0,2 

5%    Carbolic  acid Sdropsper  same  same 

Aqua  destillata  ad 100  100  100 

The  morphin  may  be  omitted. 

II.  is  the  most  generally  useful ;  III.  is  employed  where  much  solu- 
tion is  required;  and  I.  in  the  presence  of  acute  inflammation. 

In  the  paraneural  method  the  solution,  of  a  strength  of  Yi  to  2%, 
is  injected  in  the  neighborhood  of  the  nerve  trunk.  The  results  are 
uncertain,  and  inferior  to  those  of  the  intraneural  method.  In  this, 
similar  solutions  are  injected  directly  into  the  nerve  trunk.  If  the 
injection  is  made  quickly  and  directly  into  the  nerve  tissue,  the  pro- 
cedure is  quite  painful.  A  few  drops  should  first  be  injected  under 
the  nerve  sheath.  When  these  have  caused  a  local  anesthesia,  the 
neolle  should  be  pushed  deeper  and  more  of  the  solution  injected, 
nntil  the  anesthesia  is  complete.    In  this  way  the  pain  is  very  slight 

A  combination  of  all  the  above  methods  is  most  useful. 
The  skin  and  superficial  muscles  are  anesthetized  by  infiltra- 
tion. The  deeper  structures  are  exposed,  and  the  smaller 
nerves  are  treated  by  the  para-,  the  larger  by  the  intra- 
neural methods.'  The  complete  blocking  of  nerve  impulses 
obtained  in  this  way  prevents  surgical  shock.  No  method 
of  local  anesthesia  can,  however,  prevent  the  psychic  shock 
and  pain,  the  nervous  dread  of  the  patient,  the  removal  of 
which  is  one  of  the  most  valuable  features  of  general  anes- 
thesia; but  it  may  at  least  be  lessened  by  morphin  (0.015 
Gm.  hypodermically)  half  an  hour  before  the  operation. 
It  may  at  times  be  justifiable  to  operate  without  the  knowl- 
edge of  the  patient,  which  is  quite  feasible  by  the  use  of 
cocain. 

The  subdural  method  is  carried  out  by  performing  limibar  puncture, 
wtthdrawittK  a  little  cerebro-spinal  fluid,  and  injecting  l4  to  i  c.  c.  of 
a  3%  solution  of  cocain  (or  eucain,  etc.).  The  method  was  tried 
quite  extensively,  and  is  certainly  efficient  in  producing  a  general 
anesthesia  without  loss  of  consciousness  or  motor  power.  A  consid* 
erable  ntunber  of  accidents  have,  however,  led  to  its  abandonment 
These  are  due  to  the  direct  conduction  of  the  cocain  to  the  floor  of 
the  fourth  ventricle,  where  it  leads  to  an  immediate  stoppage  of  respira- 
tion.   The  addition  of  adrenalin  is  said  to  lessen  this  danger. 

■  Bt  the  careful  lue  of  thii  raetfaod,  ■  ■DrEeon  performed  >  uinlen  ooera. 
tiaa  (t  the  (houlder  loint  with  d.ooS  Gm*.  of  Cocain. 
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Costn  Xndieatioiu  to  Cooftin. —  These  consist  in  the  danger 
of  forming  the  habit;  in  the  occasional  acutely  fatal  action  ; 
and  in  unpleasant  side-effects. 

The  toxic  action  is  especially  important,  since  very  small  doses  are 
dangerous  in  susceptible  individuals.  The  surgeon  should  remembor 
that  he  is  dealing  with  a  very  active  poison,  and  should  employ  ts 
small  a  quantity  as  possible.  The  limit  of  safety  (even  with  local 
use)  may  be  placed  about  0.07  Gm.  (i  grain);  and  o.io  Gm.  {l^ 
grains)  should  never  be  exceeded,  under  any  circumstances. 

The  unpleasant  side-efFects  consist  in  palpitation,  nausea,  and  vomjt- 
init  headache,  and  insomnia. 

VI.  MATERIA  MEDICA. 

Coca  (U.S.  P.,  B.  P.).— The  leaves  of  Erythroxylon  Coca  (Hua- 
nuco  Coca)  or  of  £.  Truxillense  (Truxillo  Coca),  Erythroxylaecae. 
Peru  and  Bolivia,  cultivated.  Cocain  and  similar  alkaloids,  at  least 
0.5%,  U.  S.  P.     Tannin. 

Fluidextractum  Coca  (U.  S.  P.)  \Ext  C.  Liqu.,  B.  F.].— 0.5%  alka- 
loids.   Dose:  2  c.  c.  ^30  HI. 

yinitm  Coca  (U.  S.  P.).— 65^%,  with  red  wine.  Dose:  16  c.c.= 
43. 

Cocaiiu  (U.S.  P.  B.P.),  GtHbNO..— Soluble  in  600  water,  5 
alcohol. 

Cocain*  Hydrochloridum  (U.  S.  P.,  B.P.),  CocH a.— Soluble  in 
0.4  water,  2.6  alcohol.  Solutions  cannot  be  sterilized  by  heat  and  de- 
teriorate on  keeping.  They  may  be  preserved  fairly  well  by  the  addi- 
tion of  antiseptics,  such  as;  salicylic  acid,  0.15%  (B.  P.);  or  phenol, 
0.015;%  oi*  saturated  chloretone  solution.  Dose:  8  to  60  mg.  (^  to 
'  gf-)  (30  mg.  =  ^^  gr.,  U.S.P.).  Hypodermically  in  i  to  2%  sol.; 
on  mucous  membranes,  I  to  10%;  intraspinal,  15  mg.  in  3%. 

Oleatum  Cocaliue  (U.  S.  P.).— 5%. 

Lamella  Cocaina;  (B.  P.). —  Each  '/■  gr.  of  hydrochlorid. 

Injectio  Cocainje  Hypodermica  (B.  P.). — io%.  Dose:  ai  to  aa  c.  c. 
(2  to  5  minims). 

Ungucntum  Cocaine   (B,  P.).— 4%. 

Trochisci  Kramerisc  et  Cocainse  (B.  P.). —  Each  '/«  grain. 

VII.  RELATION  TO  OTHER  GROUPS. 

The  cocain  group  is  very  widely  tdated :  toxicity  to  protoplasm  is  ■ 
common  to  all  poisons ;  and  many  produce  stimulation  and  depression 
of  the  central  nervous  system,  and  local  anesthesia.  A  very  dose  con- 
nection exisis  between  cocain  and  atropin,  chemically  and  in  the  cen- 
tral and  peripheral  actions.  Cocain  is  an  elher  of  ecgonin.  which 
differs  from  tropin,  the  base  of  atropin,  merely  by  the  substitution 
in  ecgonin  of  a  GOGH  group,  for  an  H  of  tropin. 

VIII.  COCAIN  SUBSTITUTES. 

The  local  anesthetic  action  of  cocain  leaves  little  to  be  desired,  but 
several  other  features  are  very  objectionable,  as  its  high  cost;  the 
instability  of  the  solutions,  particularly  on  heating,  and  the  consequent 
difficulty  of  sterilizing  them;  and  the  violent  collapse  action  which  is 
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particularly  dangerous  on  account  of  the  idiosyncrasies.  These  ob- 
jectionable features  have  led  to  the  search  for  substitutes.  Substances 
prodncinK  some  degree  of  local  anesthesia  are  by  no  means  rare  and 
nave  long  been  known.  For  instance,  some  of  the  other  alkaloids  of 
coca,  yohimbin,  atropin  and  its  derivatives,  aeon! tin,  the  coal-tar 
products  generally,  possess  this  action  to  some  degree;  but  most  of 
them  are  so  inferior  to  cocain  —  either  by  -  weaker  action,  or  by 
greater  irritation  or  other  undesired  side-effects  —  that  they  can  hardly 
be  classed  as  competitors.  Synthetic  chemistry  had  to  be  invoked,  and 
h  has  produced  fairly  satisfactory  compounds.  These  are  mostly  built 
on  the  general  chemical  type  of  cocain. 

The  struttttre  of  coeain  is  quite  well  understood.  It  is  a  methyl- 
benzoyl-ester  of  ecgonin.  Ecgonin  itself  produces  only  the  least  im- 
portant of  the  actions  of  cocain,  vis.,  the  hepatic  degeneration.  The 
other  actions  are  only  developed  by  the  entrance  of  both  radicles.  The 
methyl  may  be  replaced  by  any  other  alkyl  radicle,  without  changing 
the  actions  of  cocain.  The  benzoyl  radicle,  however,  cannot  be  re- 
placed by  any  other  fatty  or  aromatic  radicle  without  great  impair- 
ment of  the  local  anesthetic  action.  Indeed,  the  presence  of  the  benzoyl 
group  give  the  anesthetic  properties  to  other  alkaloids,  and  may  be 
considered  as  the  hook  by  which  the  molecule  attaches  itself  to  the 
protoplasm  of  the  sensory  cell.  It  is  present  in  most  of  the  cocain 
substitutes.  The  required  conditions  for  the  development  of  a  local 
anesthetic  action  seem  therefor  to  be ;  a  base  with  a  structure  analo- 
gous to  ecgonin,  containing  a  benzoyl  and  an  alkyl  radicle  in  certain 
relations. 

CompantiTe  Yalne  of  Cocain  and  It*  Sabititntes It  may 

be  well  to  premise  the  detailed  description  of  these  substi- 
tutes, by  some  general  statemems  concerning  their  value: 

The  valuable  features  of  cocain  consist  in  its  strong, 
prompt  and  comparatively  certain  action;  it  is  the  best 
studied  and  the  most  familiar  product  of  its  class ;  the  vaso- 
constriction lessens  hemorrhage  (but  may  be  objection- 
able in  snaring  polypi)  ;  the  dilation  of  the  pupil  may  be  a 
convenience  in  ophthalmic  operations;  it  produces  no  local 
irritation ;  it  acts  through  intact  mucous  membranes.  Some 
of  these  features,  viz.,  vasoconstrictor  and  mydriatic  actions 
_  may  be  given  to  the  substitutes  by  the  addition  of  supra- 
renal alkaloid  or  atropin. 

The  substitutes  improve  on  cocain  mainly  by  their  lesser 
toxicity  (except  holocain) ;  by  not  injuring  the  cornea 
(except  nirvanin  and  acoin) ;  in  being  stable,  sterilizable 
and  antiseptic.  Bucain  P  perhaps  combines  the  greatest 
number  of  advantages,  but  has  not  given  results  in  any  way 
stipcrior  to  freshly  made  solutions  of  cocain  in  skillful 
hands.  Orthoform  holds  a  field  of  its  own,  when  a  pro- 
longed action  on  large  denuded  surfaces  (wounds,  ulcers, 
etc.)  is  required.  Freezing  recommends  itself  for  minor 
operations  on  areas  to  which  cocain  or  its  soluble  substi- 
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tutes  are  not  readily  applied.    Irritants,  baths,  etc.,  are  most 
useful  for  a  partial  anesthesia  of  large  and  deep  areas. 

DETAILED  DESCRIPTION  OF  THE  COCAIN  SUBSTITUTES. 

Tropacocain. —  The  benioylester  of  pseudo-tropin ;  occurs  naturally 
in  the  leaves  of  the  Javanese  coca.  It  differs  from  eocain  by  greater 
anesthetic  power,  lesser  toxicity,  and  greater  resistance  to  decom- 
position.   It  does  not  produce  mydriasis  or  vasoconstriction. 

Gucain  (Beta-Eucam ;  Benzoyl-Vinyl-Diaceton-Alkamin,  CiiHuNOf. 
HCl).' — This  synthetic  product  has  essentially  the  same  actions  as 
eocain.  The  peripheral  actions  are  in  general  weaker  and  slower  than 
those  of  eocain,  so  thai  it  must  be  used  in  twice  the  strength.  The 
pupils  are  not  dilated,  and  the  tissues  are  rendered  hyperemic  rather 
than  anemic.  As  regards  the  central  actions,  the  stimulation  is  more 
conspicuous  than  with  eocain.  In  toxic  doses,  convulsions  form  a 
striking  feature,  whilst  the  heart  is  slowed  through  stimulation  of  the 
vagus  center,  and  the  blood  pressure  falls  greatly  by  a  direct  depres- 
sion of  the  cardiac  muscle.  However,  eucain  is  only  a  third  or  fifth 
as  toxic  as  eocain.  and  fatal  poisoning  is  almost  or  quite  unknowiL 
The  solutions  do  not  deteriorate  on  heating  or  keeping.  The  hydro- 
ehlorid  is  soluble  in  33  parts  of  water;  the  lactate  in  4  parts.  The 
eucain  salts  are  white  crystalline  powders. 

AIpha-Eucain  (CuHnNO,.Cl)  causes  considerable  local  irritation 
and  pain,  so  that  its  use  has  been  abandoned. 

Orthoform  (methyl  ester  of  oxyamido  benroic  acid,  CtH,.OH.NH». 
COOCHi)  is  mainly  useful  when  a  prolonged  anesthetic  action  on 
open  surfaces  (wounds,  ulcers,  etc.)  is  desired.  Its  value  depends 
on  its  very  limited  solubility,  and  consequent  slow  absorption.  Since 
it  is  rapidly  excreted,  it  is  practically  non-toxic. 

On  the  other  hand,  its  insolubility  precludes  its  use  in  hypodermic 
injection.  When  it  is  artificially  brought  into  solution  ana  injected, 
it  is  no  less  dangerous  than  eocain  and  has  no  advantage.  Like  eo- 
cain, it  does  not  pOietrate  the  intact  skin,  nor  even  mucous  mem- 
branes, so  that  its  usefulness  is  limited  to  open  surfaces.  Here  its 
action  may  be  prolonged  for  days.  It  has,  however,  in  some  cases 
caused  a  necrosis.  Another  use  has  been  to  mix  it  with  caustics  to 
deaden  the  pain  of  the  latter.  It  has  also  been  employed  internally 
in  ulcers  or  carcinoma  of  the  stomach. 

It  is  applied  locally  as  a  dusting  powder,  or  in  10  to  2o%_ ointment. 
It  is  incompatible  with  many  substances,  e.  g.,  silver  or  bismuth  com- 
pounds, but  may  be  prescribed  with  mercury,  copper,  and  carbolic  acid. 
It  forms  a  white,  odorless,  and  tasteless  powder,  almost  insoluble  in 
water,  soluble  in  alcohol  or  ether. 

Orthoform  hydrochlorld  is  soluble,  but  produces  so  much  irritation 
that  it  cannot  be  used. 

Aneatheiin  ("Para  amido  benzoic  acid  ethyl  ester)  resembles  ortho- 
form  and  has  been  recommended  as  a  substitute,  being  stronger  and 
less  irritant.  There  is.  however,  greater  danger  of  systemic  poisoning-. 
Its  hydrocMorid  is  soluble,  and  has  been  used  for  infiltration  anesthe- 
sia  (0.25%). 

Stovain  (Hydrochlorld  of  amylene  «  p. —  Hydrochlorid  of  ■  di- 
methylamin  P  benzoyl  pentonal)  ;  same  anesthetic  power  as  eocain,  with 
lesser  toxicity;   not  destroyed  by  heating  solutions  to    115°   C.    Di- 

*EuphtMmin  ii  anathcr  derivative  of  thii  buc.     II  imiiii mi  11  niTdriatie,  bat 
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lates  blood  vessels;  does  not  change  the  pupil;  somewhat  irritant; 
very  soluble  in  water.  Dose,  locally  as  for  cocain ;  internally,  2  mg.  — 
V-  gr. 

Nlrvanin  (the  hydrochlorid  of  the  methyl-ester  of  diethyl  glycocoll- 
p.  amido-o.  oxybenzoic  acid;  (CiH*)i=N  —  CHi  —  CO  —  NH  — 
CJi,(OH)C0,CHtHCl.). 

This  can  be  sterilized  and  is  itself  antiseptic.  Its  toxicity  is  about 
a  tenth  of  cocain.  Applied  directly  to  the  heart  it  is  somewhat  paralyz- 
ing, like  most  coal-tar  derivatives.  It  is  much  weaker  than  cocain, 
aiul  cannot  penetrate  through  intact  mucous  membranes.  It  is  irritant 
to  the  conjunctiva  and  therefore  objectionable  in  eye-praclice.  Its 
main  use  is  in  dentistry  as  a  to  5%  solution.  It  forms  white  crystals 
of  a  peculiar  bitter,  somewhat  sharp  taste;  very  soluble  in  water  or 
alcohol. 

Holouin  (C:jI.OC,H.NH.C(CH,)  =  N  — aH..OCJIiHa),  a 
phenacetin  derivative,  obtained  by  the  reaction  of  phenacetin  and  para- 
phenetidin,  with  elimination  of  water.  It  has  been  recommended  for 
ophthalmologic  practice,  since  it  is  at  least  as  powerful  as  cocain  and 
does  not  injure  the  cornea.  It  is  strongly  antiseptic  and  keeps  well, 
but  is  more  toxic  than  cocain.  It  is  used  in  Vi  to  1%  solution;  the 
anesthesia  appears  in  less  than  half  a  minute  and  lasts  from  live  to 
ren  minutes  if  the  application  is  repeated.  It  has  no  action  on  the 
pupil  or  blood  vessels.  It  dissolves  in  50  parts  of  water.  It  is  incom- 
patible with  alkaloids  and  a  I  keloidal  precipitants. 

Acoin,  a  guanidin  derivative,  is  objectionable  on  account  of  irritant 
qualities,    l^d  as  ]^  to  1%  solution. 

Sabcntln,  a  soluble  coal-tar  derivative,  used  so  far  especially  in 
Schleich's  infiltration  method. 

Cliloretone  (Anesone,  Chloroform- Acetone)  has  a  slight  anesthetic 
action,  and  is  at  the  same  time  antiseptic.  It  is  employed  in  3% 
solution. 

Vohlmbin  (CiJI.N,0,.HCl).— An  alkaloid  isolated  by  Spiegel 
(1896)  from  the  bark  of  the  Vohimbehe  tree  (family  of  Apocynaccie), 
growing  in  German  West  Africa.  The  local  application  fi  to  2%  solu- 
tion) produces  the  same  anesthetic  effect  as  cocain,  ana  is  less  toxic. 
The  effect  begins  in  10  to  15  minutes  and  lasts  y^  to  i^  hours.  The 
vessels  are  rather  dilated,  even  when  adrenalin  is  added  In  the  eye, 
the  anesthesia  occurs  more  promptly  {Yi  to  1  minute,  lasting  10  to 
IS  minutes).  It  should  not  be  used  in  this  organ  since  it  causes 
considerable  irritation,  lasting  4  to  6  hours.  The  pupils  are  dilated, 
the  mydriasis  lasting  some  24  hours.  Accommodalion  is  but  little 
affectad. 

When  it  is  given  by  the  mouth  or  hypodermically  in  moderate  doses, 
it  produces  a  general  vaso-dilation  in  (he  skin,  mucous  membranes, 
and  particularly  in  the  sexual  organs.  In  consequence  of  the  latter, 
and  perhaps  by  a  direct  action  of  the  spinal  centers,  it  produces  erec- 
tion. It  does  not  seem  to  stimulate  the  production  of  spermatozoa  or 
lexual  desire. 

In  consequence  of  this  action  on  animals,  the  alkaloid  has  been  used 
as  an  Mbrodisiae  in  neuropathic  impotence ;  apparently  with  fair  suc- 
cess. The  reports  must  be  accepted  with  caution,  considering  the 
possibility  of  psjrchic  suggestion.  The  effect  in  animals  occurs  im- 
mediately; that  in  man  only  after  some  four  to  six  weeks.  This 
nukes  it  difficult  to  explain  the  clinical  observations  by  the  animal 
ei^MrimentS. 

The  continued  administration  of  the  alkaloid  is  said  to  lead  to  no 
bad  effects ;  however,  the  resemblance  of  its  actions  to  those  of  cocain 
would  surest  that  it  may  perhaps  create  a  habit.  Ordinary  doses 
I— IS 
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produce  a  [Mychic  excitement  similar  to  that  of  cocain  (this  has  been 
referred  to  dilation  of  the  cerebral  vessels).  There  is  also  some  dis- 
tention of  the  cerebral  vessels  and  vertigo.  Gastric  disturbance  has 
been  noticed.  The  effects  of  larger  doses  also  agree  with  those  of 
cocain  (see  pag^e  219).  Toxic  doses  cause  general  stimulation  and 
subsequent  paralysis  of  the  nervous  centers,  particularly  in  the  medulla. 
Death   occurs  by   respiratory  paralysis. 

The  free  alkaloid  and  the  solutions  of  the  hydrochlorid  being  unsta- 
ble, the  dry  salt  is  marketed  in  the  form  of  tablets,  containing  5  mg. 
(Vo  grain)  ;  three  tablets  per  day  are  the  ordinary  dose. 

IX.  OTHER  MEASURES  PRODUCING  LOCAL  ANESTHESIA. 

AtroPin  somewhat  resembles  cocain  in  its  action,  but  is  not  nearly 
SO  strong.  On  the  other  hand,  it  is  more  readily  absorbed  from  the 
intact  skm,  and  can  be  employed  in  liniments  and  plasters. 

Aconite  causes  first  irritation  and  then  anesthesia  of  the  sensory 
nerves  without  inflammation. 

Local  anesthetic  action  is  possessed  by  quite  a  number  of  the  aro- 
fnatic  series.  One  of  the  most  important  is  carbolic  acid.  This  pro- 
duces a  marked  anesthesia  even  in  quite  dilute  solutions.  Its  applica- 
tion  is,  however,  often  injurious,  since  it  produces  destruction  of  the 
skin,  and  It  may  be  absorbed  in  sufficient  quantity  to  cause  toxic 
symptoms.  It  is  sometimes  used  in  paracentesis,  by  applying  a  drop 
of  the  concentrated  liquefied  phenol  to  the  skin,  for  the  double  purpose 
of  anesthetizing  and  disinfecting;.  All  the  bodies  of  this  series  show 
both  actions.  Acetanitid  or  aniipyrin  may  both  be  used  in  wounds  in 
the  form  of  dusting-powder,  but  are  weaker. 

Mechanical  Means— ^a')  Protracted  tepid  baths.  These  are  useful 
especially  in  inflammation  and  skin  diseases. 

(6)  Cold  baths  or  freezing  produce,  in  addition,  local  anemia.  The 
anesthesia  in  freezing  Is  complete,  but  it  has  several  disadvantages. 
It  is  preceded  by  severe  pain,  and  is  often  followed  by  vesication 
and  gangrene  of  the  skin.  T^e  freezing  may  be  done  in  emergency 
by  the  application  of  ice  and  salt  mixture,  but  more  conveniently  by 
spraying  the  surface  with  an  easily  volatilizable  substance  such  as 
ether,  or  especially  ethyl  chlorid. 

CouHlerirriianis  all  produce  a  depression  of  the  nerves  after  their 
stimulation.  Here  belong  menthol,  camphor,  turpentine,  essential  oils, 
chloroform,  alcohol,  etc.     (Sec  Chapter  XXIX,  E.) 

X.  DRUGS  PARALYZING  TASTE  ORGANS. 

Allied  in  this  respect  to  cocain,  there  are  a  number  of  substances 
whose  action  is,  however,  confined  to  taste.     (See  p.  103.) 

Gymnemie  Add  (from  Gymnema  sylvestris). —  Destroys  bitter  and 
sweet ;  not  acid  or  salt. 

Eriodictyon  (V.S.P.).~Yerba  Santa.  The  leaves  of  £.  glutino- 
SMm,  Hydrophyllacex.  California.  Destroys  bitter  taste;  not  sweet, 
salt,  or  acid. 

Volatile  oil,  resin,  glucosid,  eriodictic  acid,  tannin. 
Preparations : 

Fluidextractum  Eriodictyon  (U.  S.  P.).— Alcohol  four-fifths.  Makes 
turbid  mixture  with  water.    Dose:  0,6  to  2  C.  C.   (lO  to  30  mtnims.). 

*  Elixir  Eriodictyon  Aromalicttm,  N.  F. —  Elixir  Corrigens.  6%. 
Dose:  ad  libitum. 
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CHAPTER  XI. 


ATROPIN  GROUP. 


This  starts  in  a  number  of  groups  whose  action  h  mainlj  peripheral, 
exerted  upon  ganglia  and  endings  of  glands,  and  cardiac  and  unsiriped 
mascle.    They  also  act  on  the  centra]  nervous  systenv 

I.  MEMBERS. 


to  the  family  Solanace^  (which  also  includes  tobacco,  capsicum,  potato, 
etc.).  The  alkaloids  formerly  received  specific  names  accordmg  to 
the  plants  from  which  they  were  obtained.  It  is  now  acknowl^ged 
that  the  group  comprises  a  number  of  alkaloids,  but  that  each  of  these 
occurs  in  all  the  plants,  although  in  variable  proportions.  They  are 
ester-like  combinations  of  one  of  two  bases,  Irofin  and  oscin  (sco- 
polin),  with  aromatic  acids,  especially  tropeic  aeid,  which  are  substi- 
tuted for  an  H  of  the  OH  contained  in  the  molecule  of  the  base.  This 
substitution  brings  out  the  characteristic  action,  the  tropin  itself  being 
almost  inactive.  The  derivatives  of  tropin  are  called  tropeins;  those 
of  oscin,  oserins.    The  alkaloids  may  be  classified  as  follows : 

Atropin  and  Hyoscyamin  (CiiHaiNO.)  are  isomeric,  atropin  being 
optically  inactive,  whilst  hyoscyamin  turns  the  plane  of  polarized  light 
to  left  They  are  tropeic  acid-tropins.  (It  is  probable  that  atropin 
is  a  mixture  of  i.  and  d,  Hyoscyamin.) 

Airoscin  and  Scopolamtn  (CnHnNO,)  are  isomeric  tropeic  acid 
oscin s.  Atroscin  corresponds  to  atropin,  being  optically  inactive; 
whilst  scopolamin  corresponds  to  hyoscyamin,  being  levogyrous.  A 
mixture  of  these  two  alkaloids  forms  the  commercial  hyosctn. 

It  will  be  noticed  that  Atroscin  corresponds  to  Atropin,  Sconotamin 
to  Hyoscyamin.  Atropin  and  Atroscin  are  the  more  stable  products; 
Alkalies  and  many  other  agents  convert  hyoscyamin  into  atropin, 
scopolamin  into  atroscin. 

Belladonnin  and  Atropamin  are  isomeric  alkaloids  (belladonnic  acid 
Vtipeins).  Their  formula  differs  from  atropin  by  the  absence  of  a 
molecule  of  H,0.  They  are  present  in  the  plants  in  very  small  amount, 
and  it  is  possible  that  they  are  only  formed  diirlnv  the  extraction. 
Several  other  tropeins  tiave  been  prepared  synthetically:  Homatropin 
is  oxytoluic  acid-tropin;  Benzoyllropein  is  benzoic  acid-tronin. 
Plomalropm.  an  unisolated  ptomam  of  spoiled  meat,  simulates  the 
action  of  atropin,  but  its  composition  is  not  known. 

Derivation. —  Alkaloids  of  this  group  are  contained  in  the  follow- 
ing plants :  Atropa  Belladonna :  Datura  Stramonium ;  Hyo.<icyamus 
nifser;  Dubolsia  myoporoldes;  Mandraeora  antiimnalis:  Scopola  atro- 
poides ;  and  in  other  species  of  these  olants.  Ti^e  Belladonna,  Scopola, 
Stramonium  and  Hyoscyamus  (henbane)  are  offciat. 

Belladonna  and  Stramonium  contain  mainly  atropin  and  hyoscyamin ; 
one  or  the  other  alkaloid  may  predominate.    The  hyoscyamin  is  the 
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most  widely  distributed  of  these  alkaloids,  and  is  especially  abundant 
in  young  pans  of  the  plants,  whereas  older  parts  contain  more  airopin. 
It  appears  therefore  ttiat  the  hyoscyamin  is  the  orig:inal  alkaloid,  and 
that  it  is  partly  transformed  into  atropin  in  the  plant  itself,  and  also 
during  extraction.  These  plants  also  contain  small  traces  of  scopo- 
lamin  and  atroscin,  but  the  latter  alkaloids  are  relatively  more  abun- 
dant in  Hyotcyamus  and  Scopola,  taking  the  principal  part  in  the 
actions  of  these  plants. 

The  first  indubitable  notice  of  belladonna  occurs  in  1504,  but  it  then 
came  quickly  into  use  for  poisoning  and  cosmetic  purposes.  The  name 
Atropos,  which  Linne  gave  to  the  plant,  is  from  the  oldest  of  the  Three 
Fates,  who  cuts  the  thread  of  life.  Belladonna  comes  from  the  Italian, 
"  handsome  woman,"  as  it  was  used  to  give  lusler  to  the  eyes. 

II.  SUMMARY  OF  ACTIONS. 
These  differ  only  quantitatively  in  the  different  members 
of  the  group. 

1.  Excitation  and  then  paralysis  of  certain  parts  of  the 
central  nervous  system,  particularly  the  cerebral  and  medul- 
lary centers. 

2.  Primary  paralysis  of  certain  peripheral  nerve  endings. 
The  peripheral  organs  paralyzed  are  the  nervous  mech- 
anisms of  secretion,  pupil  and  accommodation,  and  of  un- 
striped  muscle,  especially  intestinal  and  cardiac.  In  these 
respects  it  is  the  exact  antagonist  of  muscarin. 

3.  Slight  stimulation  and  subsequent  paralysis  of  smooth 
and  cardiac  muscle  and  other  cells. 

4.  On  local  application  it  paralyzes  also  the  sensory  nerve 
endings. 

The  following  description  applies  to  atropin.  The  other 
members  of  the  group  will  be  discussed  later. 

111.  DETAILS  OF  ACTIONS. 
1.  Ceatral  nerront  SystenL — (A)  Hemispheres.^ — These 
show  exaltation,  with  a  subsequent  depression,  especially 
of  the  psychic  centers :  Restlessness,  vertigo,  choreoid 
movements,  incoherent  and  constant  speaking,  uncontrolla- 
ble laughter,  delirium,  usually  cheerful,  hallucinations,  usu- 
ally unpleasant,  and  finally  mania. 

These  symptoms  somewhat  resemble  those  of  the  excitement  stage  of 
alcohol,  but  from  the  general  action  of  the  poison,  they  are  probably 
stimulant,  whereas  the  actions  of  alcohol  are  depressant. 

In  the  secondary  paralytic  stage,  drowsiness,  coma,  and 
finally  convulsions  occur,  the  latter  largely  from  asphyxia, 
but  appearing  even  if  artificial  respiration  is  maintained. 
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Some  other  cerebral  centers  are  also  affected: 

The  vision  is  disturbed  more  than  can  be  explained  by  loss  of  accom- 
modation. 

The  motor  areas  in  dogs  are  stated  by  some  observers  to  be  more 
excitable,   but   others  deny   this. 

The  action  of  atropin  on  the  respiration  varies  with  the  dose.  Mod- 
erate doses  generally  cause  an  increase  of  respiration.  This  effect 
(Fig.  55  C)  occurs  when  the  vagi  have  been  cut;  the  drug  must  there- 
fore stimulale  the  respiratory  center  directly.  The  increase  of  respira- 
tion is  greater,  however,  if  the  vagi  are  intact.  This  shows  that 
atropin  paralyzes  also  the  afTerent  endings  of  the  vagi,  which  ordinarily 
slow  the  respiration  by  tonic  impulses.  Other  effects  of  the  atropin  — 
the  psychic  actions,  etc. —  may  also  react  on  the  respiration.  Larger 
doses  depress  the  respiratonr  center,  producing  a  slowing,  Cheyne- 
Stokes  type  {Fig.  52),  and  finally  cessation.  The  stoppage  of  respira- 
tioB  is  the  usual  cause  of  death,  but  comes  on  very  late  in  the  poison- 
ing. If  artificial  respiration  is  maintained,  the  animal  may  recover 
from  six  times  the  ordinary  fatal  dose.  The  effects  on  the  circulation 
will  be  described  later. 

( B)  The  effects  on  medulla  and  spinal  cord  are  similar 
in  kind  to  those  of  strychnin,  but  are  weaker  and  come  on 
tnuch  later  in  the  course  of  the  poisoning.  They  are  there- 
fore of  comparatively  little  importance. 

2.  Peripheral  Actioiu. —  (A)  Olands.^ —  Amongst  the  first 
symptoms  of  atropin-poisoning  is  dryness  of  the  mouth, 
hoarseness,  thirst,  difficult  articulation,  and  dysphagia.  All 
these  symptoms  arise  from  the  suppression  of  the  secretions 
of  the  mouth.  Atropin  diminishes  not  only  the  saliva,  but 
also  mucus,  sweat,  and  gastric  juice  (both  quantity  and 
acidity).  It  is  doubtful  whether  it  has  any  effect  on  ordi- 
nary pancreatic  secretion,  on  milk,  or  on  urine  { MacCallum, 
1905),  or  on  bile.  It  arrests  the  increase  of  pancreatic 
secretion  when  produced  by  physostigmin,  or  pilocarpin, 
etc.,  but  not  produced  by  secretin  or  acids,* 

The  mechanism  of  this  action  can  be  best  studied  on  the 
submaxillary  gland.  One  can  at  once  exclude  any  central 
paralysis,  for  electric  stimulation  of  the  chorda  tympani  has 
no  effect.  The  paralyzing  action  is  therefore  peripheral, 
and  could  be  on  the  ganglia,  endings,  or  salivary  cells.  The 
former  are  excluded  by  the  fact  that  stimulation  of  the 
nerves  peripheral  to  the  ganglia  is  also  ineffectual.  Fur- 
ther, nicotin  (which  stimulates  ganglia)  does  not  act  after 
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atropin.  We  can  eliminate  paralysis  of  the  gland-cells,' 
for  stimulation  of  the  sympathetic  is  still  effectual.  By 
exclusion,  it  results  that  the  action  must  be  on  the  nerve 
endings. 

The  chorda,  besides  secretory,  also  contains  vasodilator  fibers.  The 
latter  are  not  paralyzed,  and  stimulation  causes  an  increased  venous 
outflow  from  the  glands.  The  atropin  paralysis  is  therefore  hi^ly 
selective.    This  holds  true  of  its  action  in  other  situations. 

There  is  every  reason  to  assume  that  the  diminution  of  other  secre- 
tions by  atropin  depends  on  the  same  mechanism,  viz.,  paralysis  of 
the  nerve- endings.  Ganglion  cells  and  nerve  fibers  are  scarcely  affected, 
even  by  direct  application. 

* 
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Atropin  produces  entire  suppression  of  the  secretion  of  those  glands 
(salivary  and  sweat),  which  normally  act  only  in  response  to  nervous 
excitation.  With  those  glands  which  secrete  independently  of  nervous 
impulses,  the  action  of  atropin  is  much  less  marked,  and  may  be  dis- 
coverable only  when  the  glands  are  artificially  stimulated.  The  alka- 
loid does  not  suppress  paralytic  secretion;  nor  any  other  secretion 
resulting  from  direct  stimulation  of  gland  cells. 


'Thii 


Ibeory    | 


(  those  under  the  c 


1   bj  the   c 


.dbyCoogle 


EYE.  231 

The  suppression  of  sweat  causes  a  rise  of  temperature  with  mod- 
trate  doiei,  notwithstanding  the  cutaneous  vasodilatation.  Animals 
which  do  not  possess  sweat  glands  (dog)  do  not  show  this  rise. 
Larger  doiei  produce  a  fall  of  temperature  from  a  lessened  heat  pro- 
duction, the  result  of  the  general  depression.  The  final  convulsions 
ma;  again  cause  a  rise. 


The  nervous  influences  which  cause  the  formation  of 
sugar  from  glycogen  in  the  liver  are  also  cut  oflf. 

(B)  In  the  eye'  atropin  causes  dilatation  of  the  pupil 
and  loss  of  reaction  to  light;  loss  of  the  power  of  accom- 
modation ;  and  rise  of  intraocular  pressure. 


I.  The  iris  contains  two  sets  of  smooth  muscle-fibers,  the  sphincters 
and  dilators. 

3.  The  former  (sphincters)  are  innervated  by  fibers  contained  in  the 
Ktiiomaior.  These  terminate  around  the  cells  of  the  ciUary  ganglia. 
Fiom  here  the  fibers  pass  as  the  short  ciliary  nerve. 

3.  The  nerve-fibers  for  the  dilators  run  in  the  cervical  lympalhetic 
and  terminate  in  the  superior  cervical  ganglion.  The  fibers  which 
arise  from  here  go  direct  to  the  dilator  muscle  without  passing  through 
any  other  cells.  They  run  to  the  Gasserian  ganglion,  where  they  join 
tbe  first  branch  of  the  trigeminal,  and  go  from  here  as  the  long  ciliary 
to  the  muscle. 
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The  pupils  may,  therefore,  be  affected  through  the  fol- 
lowing mechanisms : 

(A)   Dilator  Mbchanisu.  (B)    Constsictob  Mechanism. 

1.  Sympathetic  center.  7.  Oculomotor  center. 

2.  Sympathetic   and   long  ciliary     8.  Oculomotor  and  short  ciliaiy 

3.  Superior  cervical   ganglion.  9.  Ciliary  ganglion. 

4.  Post-ganglion ic  fibers.  10.  Post-ganglionic  fibers. 

5.  Endings  in  radial  muscle.  ti.  Endings   in   sphincter    muscle. 

6.  Fibers  of  radial  muscle.  12.  Fibers   of   sphincter    muscle. 

Stimulation  of  "A"  causes  dilatation;  paralysis,  constriction  through 
the  unopposed  action  of  constrictor  mechanism. 

Stimulation  of  "  B  "  causes  constriction ;  paralysis,  dilatation  through 
the  unopposed  action  of  the  dilator  mechanism. 

(b)  In  the  case  of  atropin  it  may  be  shown: 

1.  That  the  action  is  local,  for: 

(o)  It  remains  confined  to  the  eye,  and  even  to  that  side 
of  the  eye  to  which  it  is  applied. 

(b)  It  can  be  produced  on  the  excised  eye  of  a  frog  and 
even  on  the  isolated  iris. 

2.  Of  local  mechanisms,  we  can  at  once  exclude  direct 
paralysis  of  the  muscle-Hbers,  for  these  can  be  shown  to  be 
active  by  direct  electric  stimulation, 

3.  There  remains  only  stimulation  of  the  endings  of  the 
sympathetic,  or  paralysis  of  those  of  the  motor  ocuH. 

If  the  oculomotor  nerve  is  stimulated  after  atropin,  the 
pupil  does  not  contract,  as  it  would  in  normal  animals. 
Stimulation  of  the  ciliaris  brevts  (i.  e.,  peripheral  to  the 
ganglion  cells)  is  also  ineffective.  The  atropin  mydriasis 
is  therefore  produced  by  paralysis  of  the  oculomotor  end- 
ings. 

This  does  not  exclude  a  simultaneous  stimulation  of  the  sympa- 
thetic; but  there  are  absolutely  no  facts  in  support  of  the  latter  theory. 
It  is  true  that  section  of  the  sympathetic  causes  some  constriction,  even 
after  atropin.  This  is  due  merely  to  the  cutting  off  of  the  tMrmal 
dilator  impulses.  It  has  also  been  argued  that  the  atropin  dilation 
cannot  be  a  passive  process,  for  it  is  of  sufficient  force  to  tear  firm 
adhesions  of  the  iris.  Whilst  this  is  perfectly  true,  it  does  not  prove 
stimulation  of  the  sympathetic  by  atropin,  for  it  is  believed  that  the 
normal  sympathetic  impulses  are  sufficient  to  produce  this  result,  when 
they  are  not  opposed  by  the  oculomotor  tone.  The  fact  that  atropin 
does  not  stimulate  any  other  peripheral  nerve  also  speaks  very  strong;ly 
against  sympathetic  stimulation;  so  also  does  the  further  dilation  of 
the  atropmiied  pupil  by  electrical  -•=—'—=—  -'  '*■- — .».—:- 
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The  statement  that  the  muscular  libers  are  not  affected  by  atropin 
must  be  limited  to  moderate  doses.  In  greater  concentration  (accord- 
ing to  most  observers)  it  at  first  stimulates  them,  producing  a  tem- 
porary narrowing  of  the  pupil ;  later  it  paralyzes  them. 

Direct  application  of  very  strong  solutions  to  the  ciliary  ganglion 
also  depresses  this  structure. 

The  loss  in  power  of  accommodation  is  also  the  effect  of 
the  oculomotor  paralysis.  Increase  of  intraocular  tension 
usually  accompanies  oculomotor  paralysis.  The  mechanism 
of  this  is  still  disputed.  The  most  likely  theory  is  that  the 
muscular  contractions  occlude  the  efferent  lymph-channels. 

All  these  actions  on  the  eye  are  produced  on  systemic 
as  well  as  on  local  application.  The  mechanism  is  the 
same  in  both  cases.  On  local  application,  atropin  takes 
about  one-half  hour  to  fully  dilate  the  pupil,  and  still  longer 
to  paralyze  the  accommodation ;  its  action  persists  for  some 
time,  often  several  days.  Even  dilutions  of  i  :  100,000 
have  some  action,  but  the  maximum  is  only  reached  with 
I  :  100. 

With  homatropin  the  effects  appear  and  disappear  much 
more  quickly;  it  is  therefore  better  adapted  for  purposes 
of  diagnosis,  whereas  atropin  finds  its  proper  use  when  it  is 
wished  to  keep  the  pupil  dilated  for  some  time  (iritis). 

(C)  The  innervation  of  smooth  muscle  in  other  situa- 
tions is  paralyzed  in  the  same  manner  as  that  of  the  sphinc- 
ter of  the  iris.^ 

I.  Intestine.^ — Very  small  doses  of  atropin  often  (but 
not  always)  increase  peristalsis  somewhat.  Jacoby  has 
shown  this  action  to  be  peripheral,  probably  a  direct  stimu- 
lation of  the  muscle  fibers.  Ordinary  doses  arrest  normal 
peristalsis,^  as  also  the  increased  peristalsis  caused  by  nerve- 
stimulation,  such  as  the  peristaltic  reflexes,  muscarin,  pilo- 
carpin,  nicotin,  or  electric  vagus  stimulation. 

Some  investigators,  however,  claim  that  atropin  does  not  lessen  the 
peristaltic  effects   of  electric   vagus  or  splanchnic   stimulation. 

Since  moderate  doses  of  atropin  do  not  act  directly  on  the  muscle- 
fit>ers,  direct  stimulation  of  these  (electric,  physostigmin  or  some 
irritant  cathartics)  is  still  effective.  Large  doses  also  paralyze  the 
nusclc,  after  previous  stimulation. 

A  precisely  similar  action  occurs  on  that  part  of  the  esophagus 
which  is  composed  of  unslriped  muscle. 

2.  On  the  smooth  muscle  of  the  stomach,  spleen,  bladder,  and  uterus, 
it  acts  only  when  they  are  tetanically  contracted  (as  by  muscarin  or 
inlocarpin).    Physostigmin  is,  of  course,  still  active. 

'  GhudIi,  however,  Enerdse  66. 
*  ExerdK  67. 
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3.  An  exception  to  this  nervous  paralysis  of  unstriped 
muscle  seems  to  exist  in  the  case  of  blood-vessels,  at  least 
with  moderate  doses.  In  large  doses  it  paralyzes  these 
also,  as  can  be  shown  by  a  larger  outflow  from  isolated 
organs. 

(D)  Action  on  the  heart:  *  Atropin  produces  a  paraly- 
sis of  the  vagus  endings  at  or  beyond  the  point  where 
they  are  stimulated  by  muscarin.  Stimulation  of  the 
vagus  trunk  or  of  the  sinus  therefor  causes  no  slowing; 
it  may,  in  the  frog,  produce  an  acceleration,  since  the 
accelerator  fibers  are  not  paralyzed  by  this  drug.  In  animals 
in  which  the  vagus  is  normally  active  (dog,  and  especially 
man)  its  paralysis  will  result  in  a  greatly  quickened  heart- 
beat (in  man  there  is  a  difference  with  age,  the  vagus  being 
most  active  in  middle  hfe,  less  in  old  age,  and  least  in  in- 
fancy). In  animals  in  which  the  vagus  is  not  constantly 
acting  (frog  and  rabbit)  atropin  will  not  change  the  rate. 
(Sodium  iodid  has  a  similar  action  on  the  vagus  endings.) 

It  must  not  be  forgotten  that  the  cardiac  centers  in  the 
medulla  are  also  stimulated  by  the  atropin.  This  is  prac- 
tically overshadowed  by  the  peripheral  action.  But  it  may 
result  in  a  primary  slowing. 

The  action  of  the  other  members  of  the  group  upon  the  heart  is  very 
similar,  belladonnin  being  the  weakest. 

Atropin  also  has  a  slight  direct  effect  on  the  cardiac  muscle,  which 
can  be  observed  in  the  isolated  heart  (Fig.  55  B),  and  also  on  the 
nerve-free  heart  of  the  embryonal  chick.  Small  doses  stimulate  the 
muscle,  causing  an  increased  tonus,  greater  excursions,  and  some  slow- 
ing. An  exhausted  frog's  heart  may  be  made  to  beat  again.  Large 
doses  diminish  the  tonus  and  may  slow  or  quicken  the  rate.  Finally 
the  heart  is  paralyzed,  but  only  after  the  vasomotor  center.  Indeed, 
the  effects  on  the  heart  muscle  are  not  of  any  importance  in  the  sys- 
temic action  of  the  drug,  being  overshadowed  by  the  other  effects. 

Stimulation  of  a  dog's  vagus  after  atropin  produces  a  moderate  fall 


of  blood-pressure,  due  to  inhibition  of  vasomotor  tone  from  excitation 
of  the  depressor  fibers  which  are  carried  in  the  vagus. 

(E)  Vasomotor  Action. —  The  quickening  of  the  pulse 
is  the  principal  effect  of  moderate  doses  of  atropin  on  the 
circulation  (Fig.  55  A).  The  blood-pressure  is  scarcely 
altered,  but  there  may  be  a  slight  rise,  from  stimulation  of 
the  vasomotor  center.  (The  pressure  is  not  altered  by 
atropin  if  the  spinal  cord  has  been  divided.)  This  stimu- 
lation is  always  slight,  and  may  be  entirely  absent;  it  is 
replaced  by  vasomotor  depression  rather  early. 
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Large  dosts  depress  the  vasomotor  center  profoundly,  so  that  the 
pressure  Calls  very  low,  whilst  the  heart  is  still  beating.  Still  larger 
doses  paralyze  the  heart-muscle  as  well. 

Another  eflfect  on  the  circulation  consists  in  an  intense 
scarlet  Hushing  of  the  skin,  particularly  of  the  face  and 
thorax,  occurring  as  extensive  erythematous  spots,  or  as  a 
continuous  scarlatinal  erythema.  This  effect  is  much 
greater  in  some  patients  than  in  others;  it  may  occur  with 
therapeutic  doses.  It  is  due  to  dilatation  of  the  cutaneous 
vessels  (vasodilator  stimulation),  with  increased  general 
blood  pressure.  This  hyperemia  may  be  so  intense  as  to 
lead  to  desquamation. 

(E)  Of  other  peripheral  actions,  a  curare  effect  on  skeletal  muscle 
endings  in  frogs  (but  not  in  mammals)  may  be  noted. 

Applied  directly  to  skeletal  muscle  it  causes  a  stimulation,  expressed 
by  greater  excitability  and  increased  height  of  contraction.  Larger 
doses  have  the  opposite  effect,  A  similar  effect  has  been  noted  with 
cardiac  ttuucle  (see  page  234)  and  with  smooth  mitscle;  in  the  tatter 
modcTBte  doses  quicken  the  contraction  and  slow  the  relaxation. 

The  injection  of  large  doses  of  atropin  into  the  portal  vein  lowers 
the  coapilabiUly  of  blood,  first  that  of  the  hepatic  vein.  This  effect 
cannot  Be  produced  by  injection  into  the  jugular  vein,  nor  by  addition 
of  atropin  to  shed  blood  (Doyon  and  Karefi.  1904),  and  is  due  to  an 
action  on  the  liver.    The  leucocytes  are  not  changed. 

The  sensory  nerves  are  dulled  on  local  application,  after 
the  manner  of  cocain. 

IV.  TOXICOLOGY. 
(A)  Symptomi. —  Atropin  being  absorbed  very  readily 
(and  even  from  the  intact  skin),  the  symptoms  appear 
quickly.  The  first  to  be  noticed  are  those  arising  from 
dryness  of  the  mouth  and  throat:  difficulty  of  deglutition 
and  articulation,  great  thirst,  a  sense  of  burning  and  con- 
striction in  the  throat.  On  the  eyes,  the  dilatation  of  the 
pupils,  impaired  vision,  and  absence  of  reaction  to  light 
will  be  noticed.  There  is  often  nausea  and  sometimes  vom- 
iting. Excitement,  passing  into  delirium,  is  a  prominent 
feature.  The  delirium  is  usually  pleasing,  with  spectral 
illusions,  but  may  become  furious.  The  onset  of  the  para- 
lytic symptoms  is  ushered  in  by  giddiness,  numbness  of  the 
limbs,  and  staggering  gait,  and  passes  into  drowsiness  and 
stupor.  The  pulse  is  quick  and  small.  Scarlet  flushing  of 
the  face.    In  ff^al  cases  death  is  preceded  by  coldness  of  the 
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extremities,  rapid  and  intennittent  pulse,  and  deep  coma. 
Convulsions  are  rare.  Glycosuria  is  sometimes  seen  and 
may  be  attributed  to  the  asphyxia. 

The  postmortem  findings  are  those  of  asphyxia. 

A  fatal  ending  is,  however,  quite  rare  (12541).  Violent 
symptoms  may  last  for  days,  and  it  has  happened  that 
patients  have  been  consigned  to  the  insane  asylum  on  a 
mistaken  diagnosis.  The  smallest  recorded  lethal  dose  is 
120  mg.  of  atropin, 

A  psychic  "  slowness,"  disturbance  of  vision,  and  some  other  symp- 
toms, may  persist  for  weeks.  On  account  of  the  slow  course  and 
the  obscure  symptoms,  belladonna  was  a  favorite  with  professional 
poisoners  in  the  middle  ages,  and  this  abuse  in  regard  to  several 
species  of  Datura  has  existed  in  India  since  remote  ^es.  The  name 
itself  is  Sanskrit  (Dhatoora). 

The  local  use  of  atropin  in  the  eye  may  give  rise  to  gen- 
eral symptoms,  especially  if  the  lachrymal  ducts  are  very 
patent.  Continued  administration  may  lead  to  conjunc- 
tivitis. 

(B)  The  prognoaii,  when  properly  diagnosed,  is  favorable, 
since  there  is  ample  time  for  interference.  The  tteatment 
resolves  itself  into  chemic  neutralization,  prompt  removal, 
and  meeting  the  symptoms.  The  delirium  is  best  treated 
by  the  ice-cap,  the  general  symptoms  by  pilocarpin  (one- 
sixth  grain  hypodermically  until  mouth  is  moist).  Mor- 
phin  is  also  indicated  in  the  early  stages,  but  not  after  de- 
pression has  set  in.  The  latter  is  combated  by  the  usual 
medullary  stimulants  (see  p.  180).  Artificial  respiration 
should  be  kept  up  persistently,  if  necessary. 

The  effects  on  the  eye  may  be  abolished  by  the  local  ap- 
plication of  physostigmin. 

The  excretion  of  the  atropin  occurs  through  the  urine,  for  the  most 
part  in  less  than  thirty-six  hours;  and  the  application  of  a  drop  of 
this  fluid  to  the  eye  of  a  cat  forms  the  most  handy  test  for  poisoning. 
The  excretion  is,  however,  far  from  complete;  about  J^  being  de- 
stroyed in  the  dog.  None  is  excreted  as  tropin.  Hyoscin  is  also  ex- 
creted bj'  the  urine. 

Atropin  resists  putrefacttoti  for  a  long  time,  and  may  be  found  in 
the  cadaver  even  months  after  burial.  Confusion  with  ptomatrc^in 
must  be  guarded  against. 

Continued  use  of  small  doses  seems  to  establish  partial  imnranMy 
to  its  action.  It  loses  its  effect  first  upon  the  salivary  glands,  then 
on  the  heart  and  intestine,  and  lastly  on  the  eye. 

Children  bear  proportionally  larger  doses  than  adults ;  and  the  same 
is  true  of  young  animals.  Certain  classes  of  animals  present  a  marked 
racial  immunity  to  the  atropin  group. 
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Rodents*  and  marsupiads  are  very  tolerant,  as  also,  to  a  less  extent, 
the  goat,  dog,  birds,  and  some  other  animals.  The  immunity  is  in  no 
case  complete.  It  is  perhaps  greatest  in  the  case  of  .rabbits.  Several 
generations  of  these  animals  have  been  raised  on  a  diet  consisting 
exclusively  of  belladonna  and  stramonium  leaves.  The  meat  of  such 
animals  has  produced  toxic  symptoms  in  man,  so  that  the  cause  of  the 
loterance  does  not  consist  in  increased  excretion.  Nor  do  such  animals 
contain  any  antitoxin,  for  their  serum  does  not  protect  less  immune 
animals.  The  intracerebral  injection  of  leucocytes  of  immune  atropin- 
izcd  animals  has  been  stated  to  be  toxic  to  other  rabbits,  and  it  was 
concluded  from  this  that  the  atropin  is  fixed  in  the  leucocytes.  But 
it  has  been  shown  that  the  leucocytes  of  an  unpoisoned  animal  produce 
identical  effects;  nor  could  any  storage  of  atropin  in  leucocytes  be 
demonstrated  chemically.  The  racial  tolerance  of  atropin  is  therefore 
unexplained,  and  must  be  classed  as  a  histogenetic  tolerance. 

V.  OTHER  MEMBERS  OF  THE  ATROPIN  GROUP. 

There  are  strong  reasons  for  the  belief  that  ordinary  atropin  is  a 
racemic  compound  of  I.  and  d.  hyoscyamin.  Cushny  (1903)  has  shown 
that  its  action  corresponds  to  the  sum  of  its  two  constituents.  These 
(wo  hyoscyamins  agree  quantitatively  in  their  effect  on  the  central 
nervous  system  of  mammals,  on  the  heart  muscle,  and  on  motor  end- 
ings. The  levo  (ordinary)  hyoscyamin  alone  acts  on  the  endings  of 
the  salivary  gland,  heart,  and  pupils;  whilst  it  has  a  weaker  stimulant 
action  on  the  spinal  cord  of  frogs.  The  two  hyoscins  show  similar 
differences :  they  act  alike  on  the  central  nervous  system  and  motor 
endings,  but  the  left  (scopolamin)  is  twice  as  active  on  the  salivary 
and  vagus  endings,  as  the  racemic  alroscin  (Cushny  and  Peebles, 
1905)- 

Hyoscyamin  therefore  surpasses  atropin  in  the  salivary, 
vagus,  and  pupillary  actions.  The  two  alkaloids  are  about 
equal  in  their  central  effect  and  in  their  action  on  the  car- 
diac muscle. 

Hyoscin  (Scopolamin  and  Atroscin)  are  related  to  atro- 
pin in  thdr  action,  but  show  important  practical  difference : 
The  psychic  effects  show  but  little  stimulation,  and  consid- 
erable depression,  so  that  they  are  efficient  hypnotics,  resem- 
bling morphin.  They  produce  mydriasis,  stimulate  respira- 
tion, paralyze  the  vagal  and  gland  endings,  and  stimulate 
the  heart  muscle,  like  atropin. 

The  action  of  homatropm  on  the  eye  was  discussed  pre- 
viously. 

RelatlMi  to  Other  Qrovpi.— Cocoim.-  Constitution,  effect  on  cen- 
tral nervous  system  and  peripheral  nerves. 

Caff  tin  and  ttrychnin:    Stimulating  effect  on  central  nervous  system. 
The  connection  with  nkoltn,  etc.,  groups  will  be  discussed  later. 
•EicrdM  *•- 
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VI.  THERAPEUTIC  USES, 
effects  of  atropin  on  the  central  i 
les  used  in  psychic  depression,  especially  in  mor- 
ing  (p.  109),  as  also  in  mental  disease.  Since 
act  nearly  as  promptly  or  strongly  as  strychnin 
edullary  centers,  it  is  of  but  little  use  in  shodL 

copolamin)  is  a  useful  sedative  and  hypnotic,  esptciallj 
Excitement  and  delirium  tremens.  In  these  conditioDi 
be  preferred  to  morphin,  since  it  lessens  the  motor  dis- 
;h  is  only  increased  by  morphin,  and  it  has  the  advantage 
)f  a  slighter  depression  of  the  medullary  centers.  It  has 
I  that  it  can  be  easily  administered.  It  is  much  better 
ine  patients,  to  whom  doses  of  1  to  3  mg.  ('/»  to  '/■ 
been  given.  With  ordinary  individuals,  0.5  mg  (Vui 
not  be  exceeded.  Very  small  doses  (0.3  mg.,  '/■•  grain) 
i  employed  to  enhance  the  hypnotic  effect  of  morphin. 
mg.  ('/■<•  grain)  have  been  found  useful  in  the  trniu>n 
kgitans,  lead  poisonin{&  etc.,  and  in  spasmodic  affectioi^ 
ollis. 

ses  of  atropin  (i  mg.  =  i6o  gr.)  or  of  hyosdn 
*/,jo  grain)  are  useful  as  a  preliminary  to  gen- 
'sia.  They  are  usually  combined  with  morphin 
=  i  gr.).  They  stimulate  the  respiratory  cen- 
he  excessive  formation  of  mucus,  and  prevent 
age  of  the  heart  from  vagus  stimulation.  Atro- 
fore  especially  useful  with  chloroform  anesthesia, 
-ations  about  the  neck.  Hyoscin  also  aids  the 
lirectly. 

I  and  Korff  have  also  advocated  the  hypodermic  injection 
of  scopolamin  (0.3  mg.)  and  morphin  (8  mg.)  as  suiE- 
ce  general  anesthesia,  without  ether.  Three  of  the  above 
linistered:  the  first  2J4  hours,  the  second  iVi  hoars,  and 
lOur  before  operating.  Complete  insensibility  results  and 
o  14  hours.  Post -operative  vomiting  is  common.  Sonw 
■ver.  do  not  become  anesthetized,  and  others  exhibit  severe 
ming.  The  method  can  therefore  not  be  advised,  espe- 
legree  of  anesthesia  cannot  be  modified  to  suit  the  needs 


le  peripheral  actioni,  those  upon  the  eye  are  the 
vhich  can  be  obtained  quite  pure;  but  by  care- 
ing  the  dose,  some  of  the  other  actions  may  also 
The  following  dosimetric  table  (Schmiede- 
be  found  useful  in  this  connection : 
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Mg.  Gt.  .Syuptohs. 

OS  to  I      Vut  to  V«    Dryness  in  mouth,  often  with  thirst 

2  '/■    Pupil  dila.ted,  not  quite  immobile.    Increase  of 

3toS        Vnto'/u     Headache.    Dysphagia.    Alteration    of    voice. 
Muscular  weakness.    Restlessness. 

7  '/a    Considerable  dilatation  of  pupils.    Disturbance 

of  vision. 

8  Ji     Excitement  and  muscular  incoordination  more 

marked. 
10  Vt    Apathy.     Hallucinations  or  delirium.    Uncon- 


Except  for  use  on  the  eye,  it  matters  little  which  tropein 
is  employed  to  secure  a  peripheral  action ;  in  practice,  atro- 
[rni  is  usually  given  the  preference. 

(a)  Eye:  mainly  for  dilating  the  pupil. 

1.  For  ophthalmologic  examinaiions  the  preference  should 
be  given  to  homatropin,  since  its  effects  set  in  and  disap- 
pear more  quickly.  It  is  used  in  1%  to  2%  solution, 
dropped  on  the  cornea. 

2.  In  iritis,  to  secure  rest,  to  prevent  adhesions  of  the 
iris  to  the  lens,  or  break  them  if  already  formed,  and  to 
effect  assumed  favorable  changes  in  the  circulation  of  the 
iris.  The  more  prolonged  action  of  atropin  causes  it  to 
be  preferred  for  this  purpose. 

Atropin  is  u^  in  solution  of  I  :  1000  to  1  :  100.  Complete  paralysis 
of  accommodation  is  obtained  in  about  an  hour,  and  partially  persists 
for  several  days.  The  dilatation  of  the  pupils  occurs  much  more 
promptly. 

It  must  not  be  forgotten  that  these  substances  are  harm- 
ful in  glaucoma,  as  they  increase  the  intraocular  tension. 
They  may  also  give  rise  to  slight  general  symptoms  (head- 
ache, dryness  of  mouth,  palpitation), 

(b)  Suppression  of  secretions. —  Atropin  is  used  to 
check  excessive  secretion  of  saliva,  sweat,  bronchial  or 
nasal  mucus,  and  milk.  It  gives  prompt  results,  but  they 
are  merely  symptomatic  The  cause  of  the  trouble  should 
be  sought  and  removed.  Its  (aniisalagogue)  action  on  the 
saliva  is  employed  in  stomatitis  and  in  various  intoxica- 
tions (mercury,  pilocarpin,  etc.).  Its  effect  on  the  nasal 
mucosa  is  utilized  in  acute  corysa.  It  is  quite  efficient  in 
bronchitis,  by  lessening  the  sputum ;  and  in  bronchial  pneu- 
monia, where  it  helps  also  by  stimulating  the  respiratory 
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center.     For  this  purpose,  it  is  best  given  by  inhalation  of 
an  atomized  solution. 

Its  (anhydrotic)  effect  on  sweat  is  mainly  useful  in  the 
night-sweats  of  phthtisis.  Small  doses  (0.3  mg.  =  V»o 
grain)  are  employed.    Hyoscin  can  be  substituted. 


1  mg. 

2.  Agaricin:    The  action  is  peripheral,  and  probably  resembles  atro- 

B'n,  but  is  much  weaker.  It  appears  in  a  few  hours,  and  is  not  lasting, 
abituation  occurs,  so  that  it  is  best  to  begin  with  small  doses  (0.5 
mg.)  and  inciease  gradually  to  40  mg.  per  day.  Large  doses  cause 
diarrhea,  vomiting,  and  death  through  central  paralysis.  It  does  not 
act  on  any  other  glands.  Sodium  Tellurate  appears  to  act  similarly, 
but  is  objectionable  on  account  of  the  persistent  garlic  odor  wbich  it 
gives  to  the  breath. 

3.  PicTotoxin,  1  to  3  mg. 

4.  Camphoric  Acid,  1,5  to  2  Gm.  in  wafers. 

Picrotoxin  and  camphoric  acid  act  by  stimulating  the  respiratory 
center,  and  are  especially  useful  if  the  sweat  is  asphyxial :  Menthol, 
0,1  Gm.,  belongs  to  the  same  class.  Cold  brandy  is  sometimes  u$ed, 
but  is  of  doubtful  value. 

The  drugs  are  taken  in  the  evening,  before  retiring.  Atropin  is  by 
far  the  most  efficient,  but  its  side-actions  interfere  greatly  with  its  use. 
Local  measures  are  often  useful ;  Sponging  with  cold  lotions  contain- 
ing alcohol,  dilute  acids,  or  astringents  (salicylic  acid)  ;  the  last  may 
also  be  used  as  dusting  powder,  mixed  with  »  parts  of  talcum. 
Tannoform  (with  2  parts  of  talcum)  has  been  recommended. 

(c)  Peristalsis. —  Atropin  may  be  used  to  stop  a  diarrhea 
which  depends  upon  central  influence,  but  is  useless  if  the 
cause  lies  in  the  intestine  itself.  It  will,  on  the  other  hand, 
be  useful  in  constipation  from  tonic  spasm  of  the  intestine 
{e.  g.,  lead  colic),  just  like  morphin;  0.75  mg.  (^/go  grain) 
often  gives  prompt  relief  in  the  colic  pains  of  indigestion. 
It  is  frequently  added  to  irritant  laxatives,  since,  by  prevent- 
ing local  contractions  depending  upon  nervous  stimulation, 
it  obviates  griping,  and  it  does  not,  at  the  same  time,  inter- 
fere with  the  purgative  action  of  the  irritants  (see  Chapter 
XXX.).  Small  doses  may  be  directly  laxative  by  stimu- 
lating the  intestinal  muscle.  Preparations  of  the  crvde  drug 
should  be  used  for  local  action  on  the  intestine. 

The  paralysis  of  unstripcd  muscle  is  also  taken  advantage  of  for 
the  relief  of  biliary  and  renal  colic  from  calculi.  The  vagus  paralj^is 
is  also  useful  in  tnis  connection  in  preventing  the  dangerous  slowing 
of  the  heart  which  sometimes  occurs.  Incontinence  of  urine,  when 
due  to  overaction  of  the  bladder  muscle,  is  also  relieved  Iw  it,  as  may 
also  be  retention  of  urine  due  to  overaction  of  the  spnincter.     Its 
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action  on  the  uterus  is  so  uncertain  that  its  value  in  treating  tetanic 
contraction  of  this  organ  is  doubtful. 

<d)  The  pKralysji  of  the  cardiac  vagus  endings  indicates  it  in  all 

conditions  in  which  slowing  or  even  stoppage  of  the  heart  from  stimu- 
lation of  the  inhibitory  mechanism  exists.  This  may  occur  in  pressure 
of  the  brain,  and  in  other  conditions  which  we  have  already  discussed. 
(e)  Another  use  of  atropin  is  as  a  local  application,  usually  in  the 
form  of  liniment  or  plasters,  for  the  relief  of  pain.  The  modus  oper- 
andi has  been  discussed,  but  it  is  inferior  in  this  respect  to  cocain,  on 
the  one  hand,  and  counterirrilants  on  the  other  (see  Chapter  XXIX). 
The  antagonism  of  atropin  and  iodothyrin  {see  Chapter  XIII)  indi- 
cates it  In  Basedow's  disease  or  thyroid  poisoning. 

One  of  the  most  important  uses  of  atropin  is  found  in  the 
treatment  of  asthma. 

Asthma  consists  essentially  in  a  spasmodic  constriction  of  the  bron- 
chioles, which  may  be  produced  reflexly  (e.  g.,  by  irritation  of  the 
mucosa  of  the  nose,  larynx  or  bronchioles)  ;  or  directly  by  electric 
stifnulation  of  the  vagus  trunk ; '  by  drugs  stimulating  the  endings  of 
the  vagus  in  the  bronchial  muscle  (muscarin,  pilocarpin,  physostig- 
min,  neurin,  digilalin,  aspidospermin)  ;  by  drugs  acting  on  the  bron- 
chial muscle  (barium,  veratrin,  salts  of  many  metals,  bromin  vapor); 
or  by  central  actions  (COt)-  In  the  disease,  asthma,  there  is  perhaps 
also  a  catarrhal  congesti.on  of  the  mucous  membrane,  but  the  bronchial 
spasm  is  the  predominating  feature. 

This  Is  promptly  relieved  by  drugs  which  dilate  the  bronchi,  viz.: 
atropin,  hyoscyamin,  hyoscin,  chloroform,  ether,  urethane,  cyanids. 
Small  doses  of  morphin  also  cause  dilation,  but  large  doses  constric- 
tion. The  following  drugs  dilate  after  producing  a  temporary  con- 
striction :  lobelia,  nicotin,  curare.  Suprarenal  and  ergot  have  little 
action   (Dixon  &  Brodie,  1903). 

The  pharmacologic  data  throw  considerable  li.ifht  upon  the  thera- 
peulic  treatment  of  asthma,  ioT  which  the  following  drugs  have  been 

Atropin:  relieves  the  bronchial  spasm  by  paralyzing  the  motor  end- 
ings of  the  vagus.  It  also  lessens  secretion,  lowers  the  sensitiveness 
of  the  mucous  membrane  to  reflexes,  and  stimulates  the  respiratory 
center.  The  dose  is  J^  to  I  mg.  It  is  often  used  by  inhaling  the 
smoke  of  bumin|;  stramonium  leaves,  mixed  with  potassium  nitrate. 
The  empyreumatic  products  of  smoke  probably  have  a  dilator  action 
also,  so  that  the  burning  of  paper  impregnated  with  nitre  (_Charla 
Polassii  Nitrates)  is  of  some  benefit.  It  is  conceivable  that  nitrites 
have  a  similar  action,  but  they  may  also  be  beneficial  by  altering  the 
distribution  of  blood.  Hyoscyamus,  beHadonna,  lobelia,  tobacco,  and 
spartein  are  sometimes  mixed  with  stramonium,  or  are  substituted  for 
it ;  they  act  in  a  similar  manner.  Sometimes  one  of  these  drugs  gives 
better  results  than  the  others. 

Chloroform,  ether,  and  morphin  act  similarly,  but  are  not  as  effec- 
tive. They  are  also  useful  by  lessening  the  discomfort  and  apprehen- 
sion of  the  patient. 

The  effective  lumen  of  the  bronchioles  can  also  be  widened  by 
expelling  whatever  mucus  is  contained  in  them.  Emetics  and  nau- 
stants,  particularly  potassium  iodid  (i  to  3  Gm.  per  day)  act  In  this 

^  The     f  ui     alio    carry  ,  dilator     fibrca,     but     the    constrictors     aredomiiute. 
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manner.  (Ergot  h  said  to  be  useful  :n  stMne  cases,  but  its  use  has 
no  rational  foundation.) 

The  cause  of  the  disease  lies  often  in  an  irritation  of  raucous  mem- 
branes, which  can  be  relieved. 

When  gross  changes,  especially  of.  the  nose  or  pharynx,  can  be 
demonstrated,  these  should  be  removed.  When  the  condition  is  one 
of  increased  susceptibility  lo  unavoidable  irritants  (as  to  pollen  in 
hay-fever),  this  may  be  lowered  by  cocain,  or  mechanical  protection 
afTorded  by  ointment.  An  antitoxic  serum  has  also  been  introduced 
(see  Index,  pollantin). 

The  asthma  may  also  be  treated  through  the  respiratory  center,  by 
two  diametrically  opposed  sets  of  remedies; 

1.  By  depressants,  through  (a)  lowering  the  reflex  excitability  of 
the  centers  concerned  in  the  production  of  the  attack. 

(6)    By  narcotics,  through  diminishing  the  discomfort  of  the   pa- 

Both  indications  are  met  by  morphtn,  codein,  alcohol,  chloroform, 
KBr,  HCN. 

2.  By  stimulants,  through  increasing  the  activity  of  the  respiratory 
center  when  it  has  become  exhausted  through  the  violence  of  the 
attack. 

Among  stimulants,  caffein,  strychnin,  and  atropin  stand  foremost 
for  this  purpose.  The  same  result  may  be  achieved  through  counter- 
irritation   (ammonia,  sinapism). 

Finally  much  of  the  discomfort  of  the  patient  may  be  removed 
symptomatically,  by  the  inhalation  of  oxygen  or  compressed  air  (Chap- 
ter XX.  B). 

VIII.  MATERIA  MEDICA. 

(A)  —  U.  S.  P.  PREPARATIONS. 

AH  the  plants  belong  to  the  family  Solanacese.  With  the  exception 
of  stramonium  leaves,  and  the  liniment  and  plaster  of  belladonna,  the 
crude  drugs  and  their  preparations  deserve  to  be  abandoned,  and  atro- 
pin or  scopolamin  substituted. 

Crude  Drug*  (the  minimum  percentage  of  total  alkaloids  is  given 
in  brackets)  : 

Belladonna    Folia    and    Radix. —  From    Atropa    Belladonna. 
Deadly     nightshade;     Europe    and    Asia    Minor.     [Leaves, 
0.35%;  Root,  0.5%.] 
Hyoscyamus. —  Leaves    of   H.    niger.    Henbane ;    Europe    and 

Asia.     [0.08%.] 
Sco/io/a.— Rhizome  of  S.   CamioHca.     [o,s%.] 
Stramonium. —  Leaves     of    Datura    Stramonium,    Thomapple, 
Jamestown     Weed ;     originally     from    Asia,    naturalized    in 
many  countries.     [o.3S%] 
Stramonium  leaves,  mixed  with  10%  of  saltpeter,  are  used  for 
asthma,  the  mixture  being  ignited  and  the  smoke  inhaled. 
Note. —  Belladonna,  Scopola.  and  Stramonium  contain  approximately 
the   same  percentage  of  alkaloids   (0,35   to  0.5%),  but  Hyoscyamus  is 
weaker.    It  also  differs  from  the  preceding  by  the  relative  predom- 

Preparations : 

The  strength  of  the  preparations  is  adjusted  to  the  minimal  content 
of  alkaloids  (.e.  g..  Belladonna  Leaves,  0.3^%);  the  tinctures  contain- 
ing Vio,  the  extracts  four  •:■"'"'  **^'"'  —•""■.•..■»  "".-  r...,...—.; —  _.. 
miscible  with  water  and  a 


.dbyCoogle 


MATERIA   HEDICA. 


243 


bjr  the  evaporation  of  the   fluidextracts.    They  have  a  pilolar  con- 
tutency. 

Dose:    The  corresponding  preparations  of  Belladonna,  Scopo- 

la,  and  Stramonium  have  the  same  dose.    Those  of  Hyoscya* 

nuis  preparations  are  somewhat  larger. 

Ijst  of    Offi- 
cial Prei^  Doss.  U.S.  P. 

ABATIONS. 


a3  to  1  C.C.  (5  to  15  m.)    as  c.c.=8  HI. 

5  toJS  mg.{'/»to  J4fr.)  iomg.  =  jS  gr. 

10%  of  extract  (leaves) 

30%   "        "  "         (0.38  to  a42% 

in  adhesive  plaster.  of  alkaloids) 

i.os  to  0.2  c.c.(i  to  3  "i-)  005  c.c.^i  lit. 


Unguentum 
Belladontiix . 

Emplaiirttm 
SelladoKna . 


IFlviSexIraclum 
Belladonna 
RadicU  
IMUmentum 
Belladonna 


Tinclura  Hyos- 

FUidextraclum 
Hyoseyami  . . 

Exiractum 
Hyoseyami  , . 


I  FluuteitraclMr 
Scopola 

{  Exiroclutn 
Scopoht 


0.S  to  1.5  cc.(8  to  35  H.)     I  c.c.  =  is  "l- 

0.15  to  0-3  C.C.  {3}4  to  S 

n.)  0.2  c.c.=  3  "l. 

0.05  to  0.1  Gm.  {>i  to  VA 

gr.)  6s  mg.=  i  gr. 


031a)  0-05  e.c.  =  i  n.. 


Tinclwo 

Slramonii  .. . 
Fluidextractum 

Siramonii  .. . 
Extraclam 

Siramonii  ,, , 
Unguenlum 

Siramonii  ... 


0.3  to  t  C.C.  (5  to  IS  m)    05  c,c.=8  la. 

aos  too.2  c.c.(i  to  3  "l')  005  c.c.^1  ITI. 
S  to  IS  mg.   ('/..  to  J4 
10%  of  extract 


J  n;g.  =  J.i  gr. 


ing  the  pupil.    The  solutions  deteriorate  t 
StsdT  Materia  Medic*  Leuon  31 
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Atropina,    CnHnNOt. —  Contains   some   hyoscyamin.    Sol.  4S0 

water,   1.46  alcohol.     Dose:   0,4  to   3   mg.    ('/»  to  '/■•  gr.) 

(0.4  ms.  =  '/rm  gr.,  U.S.  P.).    ■ 
Atropina  Sulphas,  Alr.i.H.SO..—  Sol.  0.38  water,  3.7  ale,  Dosi: 

as  the  preceding, 
Oleatum  Atropine,— a%. 
Hyoscyamina  Hydrobromidum,  Ci.HnNOtHBr.—  Very  soluble 

in  water,  and  in   2  parts  alcohol.    Dose:  as  Atrooin  (as 

nie,  =  Vm  gr.,   U.S,  P,), 
Hyoscyamina  Sulphas,  Hyi,HiSO.. —  Very  soluble  in  water  »iid 

in  6,4  parts  alcohol.    Dose:  as  the  preceding. 
Homatropina  liydromidum,  GJlHNOi.HBr.— Sol.  5.7  water, 

32,5  ale.    Dose:  as  the  preceding. 

ScMminA  "y^''''bromidum   (identical),  CHH„NO.HBr  + 
3H>0,— Sol,    in    1,5   water,    16  ale.    Dose:    0.3   to  0,6  mg, 

(7- to  V.-gr.>  <o,5mg,  =  V,«gr„U.S,  P.). 

(B)  — B.   P.   PREPARATIONS. 

Consult  the  U-  S.  P.  lists  for  details. 
Crude  Drngs.— Belladoniue   FoIisE  and   Radix;   Hjoscyami  Folia: 
Stramonii  Folia  and  Semina. 
Preparations: 

Belladonna  Leaves  (tresh). —  Exthactum  Belladonn.e  VnUOT  (^1 
to  I  gr) ;  Succus  Belladonna,  5  to  15  m.. 

Belladonna  Root. —  Extr.  Bell,  Alcohol.:  (i%  of  alkaloids)  Vs  to  i 
gr.;  Ext,  Bell,  Liq,  (Ji%  alk,)  ;  Tinct.  Bellad.  ('/»%  alk.):  Lisiii. 
Bellad,  ;  Ung.  Bellad,  ;  Empl.  Beixad,  ;  Suppos.  Bellad.  ('/■  gr 
alk.), 

Hyoseyamus  (fresh  leaves). —  Ext.  Hyosc,  Vir.  (2  to  8  grs.)  ;  TiKa, 
Hyosc,  (1^  to  i3);  Succos  Hyosc,  Wi  to  i3)- 

Stramonii  Folia. —  Tinct,  Stram,   (s  to  IS  m.) 

Stramonii  Semina.— "Eyit.  Stram,  (!4  to  i  gr.). 

Alkaloidi. —  Atropina:  Atropinse  Sulph,;  Utig,  Atropinje  (4%) ;  Liq. 
Atropine   (1%)  :   Lamelire  Alrop.   ('/mm  gr.), 

Hyosc yaminir  Sulphas. 

Hyosema  Hydrobromidum. 

Hotnalropina  Hvdrobromidum;   Lamellje  Homatropinx    ('/ni  gr.). 

Synthetic  Mydriatics.— *  ButnyiJWn  (Atropin  methyl  nitrate)  hw 
been  investigated  by  Dreser  and  by  Goldberg  It  is  said  to  hive 
only  Vdo  (he  danger  of  atropin ;  its  general  actions  agree  with  the  lat- 
ter; but  it  is  claimed  that  it  does  not  raise  the  intraocular  pressure  (?) 
whilst  the  promptness  and  duration  of  the  mydriasis  lies  between 
atropin  and  homalropin. 

'  Euphlhalmin  (Hydrochlorid),  the  mandelic  ester  of  beta-eucain, 
has  mydriatic  properties,  and  is  recommended  as  a  substitute  for 
homatropin,  in  strength  of  2  to  10%,  It  causes  no  irritation,  and  onlj 
moderate  loss  of  accommodation,  and  does  not  raise  the  intraocular 
tension.  The  effect  is  quick  and  short.  It  forms  a  white,  crysUl- 
line  powder,  readily  soluble  in  water. 
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CHAPTER  XII. 

MUSCARIN-NICOTIN-CURARE  SERIES. 

(A)  MUSCARIN  GROUP. 

I.  STRUCTURE,  DERIVATION,  AND  OCCURRENCE. 

The  inuscarin  groups  contain  a  number  of  alkaloid  and  ptomain 
principles,  which  are  chemically  derived  from  cholin.  This  is  formed 
bjr  the  combination  of  glycol  and  trimelhylammonium,  with  the  elimina- 
IWD  of  H,0 : 


C,H.OH  ]OH  +  h[N(CH.).OH  =  H.O  +  C.H.OH  —  N(CH,).OH 
Glycol.  Trimelhyl  Cholin. 

Ammoniam 

In  the  other  members  of  the  group  (isocholin,  muscarin,  neurin, 
beuin),  the  N(CHi).0H  remains  intact,  the  changes  occurring  in  the 
CHiOH  — /.  i.,  in  muscarin  by  the  addition  of  O.  {first  edition,  p. 
J67). 

These  substances  are  mostly  formed  in  the  putrefaction  of  nitro- 
genous matter,  by  the  action  of  bacteria.  They  are,  indeed,  among 
the  principal  members  of  the  group  of  "putrefactive  alkaloids"  or 
" tlomaiKs."  But  they  are  also  formed  in  living  plants,  and  especially 
in  fungi.  Muscarin,  the  typical  member  of  the  group,  is  contained  in 
the  %-agaric,  Agaricus  (Amanita)  muscarius,  growing  in  birch  and 
pine  woods  in  many  parts  of  the  globe.  It  probably  occurs  also  in 
some  of  the  other  poisonous  fungi,  but  this  has  not  been  sufficiently 
investigated ;  one  of  the  characteristic  features  of  the  members  of  this 
group  —  and  of  ptomains  generally  —  is  the  ease  with  which  they  are 
decomposed,  and  this  renders  their  investigation  very  difficult.  Otie 
of  the  decomposition  products  of  muscarin  seems  to  have  an  atropin 
action,  so  that  many  samples  are  entirely  worthless. 

11.  SUMMARY  OF  ACTIONS  OF  MUSCARIN. 

1.  Stimulation  of  precisely  those  peripheral  structures 
which  are  paralyzed  by  atropin.  This  stimulation  is  pecu- 
liar in  not  being  followed  by  depression. 

2.  Affections  of  the  central  nervous  system,  as  yet  im- 
perfectly studied. 

3.  A  curare  effect  on  motor  endings,  very  inconspicuous 
in  the  case  of  muscarin  itself. 

There  is  no  effect  upon  ganglia  or  nerve-fibers,  evert 
when  the  drags  are  directly  applied. 
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III.  DETAILS  OF  ACTION. 

I.  Heart. —  Muscarin  causes  ilowing  and  stoppage  in  diastole,  just 
as  in  electric  vagus  stimulation.  The  effect  is  more  persistent  than 
with  the  latter.  This  standstill  occurs  also  in  the  isolated  apex,  show- 
ing that  the  stimulation  is  peripheral  to  the  ganglia;  and  smce  it  can 
be  abolished  by  atropin  or  sodium  iodid,  the  action  cannot  be  on  the 
muscle.  It  is  therefore  assumed  that  it  stimulates  those  endings  which 
atropin  paralyzes.  If  muscarin  and  atropin  are  exhibited  at  the  same 
time  or  successively,  their  respective  quantity  will  determine  which 
predominates.  Drugs  which  act  upon  the  ganglia  —  e.  g.,  nicotin  — 
will  be  ineffectual;  but  the  standstill  may  be  raised  by  substances  effect- 
ing a  direct  stimulation  of  the  muscle-libers  —  e,  g.,  physostigmin, 
veratrin,  digitalin,  anilin,  camphor,  guanidin. 

The  same  stimulation  of  the  vagus  endings  can  be  obtained  by  iodo- 
thynn. 

It  is  interesting  that  muscarin  causes  an  acceleration  of  the  crab's 
heart,  although  a  well-delined  inhibitory  mechanism  exists  in  these 
animals.  The  explanation  undoubtedly  lies  in  some  structural  pe- 
culiarity. 

The  action  of  muscarin  on  mtuc/f -substance  is  precisely  opposed  ti> 
atropin.  On  skeletal  muscles  (curarized  or  not)  it  resembles  veratrin, 
causing  a  slow  relaxation ;  the  contractility  is  lowered  with  large  doses, 
but  spontaneous  contractions  appear.  Its  action  on  the  heart  muscle 
leads  to  increased  tonus  and  greater  excursions, 

2.  The  effects  upon  the  eye  (exclusive  stimulation  of 
oculomotor  endings),  SfUnda,  and  niutriped  muscle  in  general 
are  precisely  the  same  as  with  pilocarpin.  As  to  the  in- 
testine, small  doses  cause  a  stimulation  of  Auerijach's 
plexus:  strong  contraction  and  paling  of  the  whole  intestine. 
This  is  inhibited  by  atropin  and  by  extremely  large  doses  of 
the  muscarin  itself.  It  produces  asthmatic  dyspnea  by  con- 
traction of  the  bronchial  muscles. 

The  muscarin  group  has  only  a  scientific  and  toxicologic 
importance.  Poisoning  by  mushrooms  and  meat  is  largely 
due  to  these  substances. 

(B)  MUSHROOM-POISONING. 

This  topic  still  requires  much  elucidation.  Undoubtedly 
different,  although  related,  active  substances  are  present  in 
the  various  mushrooms  as  well  as  in  different  samples  of 
spoiled  meat.  Even  the  fly  agaric  contains  another  con- 
vulsant  poison,  probably  a  toxin. 

The  lymptoms  are  accordingly  quite  variable.  Features 
which  are  more  or  less  common  to  mushroom-poisoning 
are:  Abdominal  pain,  nausea,  vomiting,  and  violent  diar- 
rhea ;  variable  pulse ;  labored  respiration ;  consciousness  un- 
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affected,  or  delirium;  coma  or  convulsions.  Some  cause 
fatty  degeneration  of  the  liver  and  kidneys.  Many  mush- 
rooms produce  abdominal  symptoms  simply  by  being  in- 
digestible. 

Poisoning  by  the  fly-mushroom,  which  has  been  best 
studied,  presents  a  close  resemblance  to  that  by  pilocarpin. 
"The  pulse  is  always  slowed,  and  the  blood  pressure  falls, 
as  also  through  vasomotor  paralysis.  Muscular  weakness 
and  incoordination  are  among  the  more  prominent  symp- 
toms. Death  usually  occurs  after  several  days,  the  cause 
being  yet  obscure,  but  probably  residing  in  the  central 
nervous  system. 

The  treatment,  besides  removal  and  chemic  and  symp- 
tomatic antidotes,  as  with  pilocarpin,  would  be  by  atropin. 
The  chance  of  poisoning  may  be  somewhat  diminished  by 
prolonged  boiling,  as  some  of  these  substances  are  decom- 
posed in  this  manner.  This  does  not  hold  for  the  Amanitae. 
Drying  does  not  diminish  the  toxicity. 

The  proof  of  the  poison  consists  in  the  demonstration  of  the  phys- 
ioloeic  action  of  the  alkaline  ether  extract.  It  cannot  be  demonstrated 
in  the  urine. 

There  seems  to  be  an  acquired  immunity  to  the  peripheral  action 
of  muscarin,  as  there  is  to  nicotin  and  atropin:  In  Kamschatka  the 
fly-agaric  is  used  as  an  'intoxicant,  producing  symptoms  similar  to 
those  of  alcohol,  seeming-ly  without  exhibiting  its  peripheral  action. 

Pellegrini  claims  that  an  antitoxic  serum  can  be  obtained,  but  the 
statement  needs  CMifirmation. 

Edible  Mushrooms. —  The  food-value  of  mushrooms  is 
popularly  supposed  to  lie  in  a  large  percentage  of  assimila- 
ble nitrogen.  This  is  not  borne  out  by  analyses :  they  con- 
tain 0.1%  in  the  fresh  condition,  or  0.3  to  1.6  when  dried; 
I.  e.,  no  more  than  potatoes,  and  only  one-tenth  as  much  as 
wheat  bread,  or  one-thirtieth  of  that  in  lean  meat.  As  the 
fiber  of  mushrooms  is  also  quite  indigestible,  their  main 
dietary  value  is  as  a  relish  rather  than  as  food, 

(C)  CHOLIN,  NEURIN,  ETC 
These  have  some  little  importance  as  products  of  putre- 
faction, forming  some  of  the  poisonous  ptomains.  They 
are  also  formed  during  intestinal  putrefaction,  and  may  be 
absorbed  in  obstinate  constipation  in  sufficient  amount  to 
produce  symptoms.  They  are  also  found  in  extracts  of 
nervous  matter. 
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Osborne  and  Vincent  (1900)  believe  that  cholin  is  not 
the  active  ingredient  of  extracts  of  nerve-matter,  for  its 
amount  is  too  small.  The  nature  of  the  active  constituent 
is  not  known,  but  it  is  neither  proteid  nor  carbohydrate. 
It  also  differs  from  cholin  by  paralyzing  the  arterial  muscle 
directly.     The  other  actions  agree. 

Neurin  is  much  more  toxic  than  cholin.  It  may  be 
formed  from  the  latter  by  bacteria. 

1.  The  peripheral  eflecta  agree  with  muscarin : 

The  peristalsis  is  increased  (especially  important  when 
formed  in  the  intestine,  constituting  a  kind  of  natural  treat- 
ment of  intestinal  putrefaction). 

The  heart  is  slowed  {stimulation  of  the  vagus  and  de- 
pression of  muscle). 

The  glands  are  stimulated  (except  bile). 

Curare  action.  (This  is  quite  strong,  especially  in 
cholin. ) 

2.  They  show  some  differences  from  muscarin  in  their 
central  aotion: 

They  have  only  a  feeble  effect  on  the  brain  and  sptttal 
cord;  considerable  on  the  medulla. 

The  respiration  is  weakened  through  depression  of  the 
center. 

The  vasomotor  center  is  first  strongly  stimulated,  then 
depressed. 

The  blood  pressure  follows  the  vasomotor  and  cardiac 
changes. 

(D)  MEAT-POISONING. 

The  cases  of  poisoning  observed  as  a  result  of  partaking 
of  more  or  less  tainted  articles  of  food  —  sausages  (botu- 
lismus  and  allantiasis),  meat,  milk,  ice-cream,  cheese, 
corned  beef,  etc..  and  with  some  specimens  of  mussels  and 
oysters  —  are  due  to  the  development  of  ptomain  products. 
In  the  former  cases  these  are  developed  by  putrefaction;  in 
the  latter,  probably  by  disease. 

These  ptomains  have,  for  the  most  part,  been  isolated  in 
crystalline  form,  and  are  well  defined  compounds  belonging 
to  the  amin  series.  Their  pharmacologic  action  lies  be- 
tween that  of  atropin  and  muscarin. 

The  ■ymptoms  may  be  summarized  as  follows: 

(a)  Gastro-intestinal  disturbance:  nausea  and  vomiting, 
and  either  diarrhea  or  constipation.     This  is  due  to  the 
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local  irritation,  and,  in  addition,  to  stimulation  or  paralysis 
of  the  local  nervous  mechanism,  and  probably  to  some  ex- 
tent is  central. 

(b)  Dryness  of  mouth:  difficulty  in  swallowing,  articula- 
tion, etc. ;  due  to  paralysis  of  the  nervous  mechanism  of  the 
salivary  and  mucous  glands. 

(c)  Pupil:  dilated  by  almost  all;  through  an  atropin 
action. 

(d)  Heart:  quickened  by  atropin  action. 

(e)  Muscular  weakness:  partly  central;  partly,  and  per- 
haps mainly,  peripheral. 

{ f )  Sensory:  disturbed  sensations  of  various  kinds, 
formication,  heat,  etc. ;  probably  central. 

(g)  Medullary  centers:  depression  of  respiratory  and 
vasomotor  centers,  sometimes  preceded  by  stimulation. 
The  vessels  of  the  skin  are  usually  dilated,  producing  sweat- 
ing, itching,  heat,  and  erythema. 

(h)  Brain:  the  consciousness  is  usually  not  affected,  but 
there  may  be  delirium  and  later  coma.  When  convulsions 
are  observed,  they  are  probably  always  asphyxial. 

The  perfectly  fresh  flesh  of  certain  tropic  and  Russian 
fishes  also  produces  central  symptoms  (Signatera). 

Tainted  meat  is  also  counted  among  the  causes  of  scurvy. 

The  treatment  in  all  cases  would  be  mainly  symptomatic, 
and  no  general  rules  can  be  given.  Emetics  and  cathartics 
should  be  employed  whenever  necessary. 

(E)  PILOCARPIN  GROUP. 

TTiis  group  comprises  the  alkaloids  of  jaborandi  leaves  (pilocarpus), 
Tiz.,  pilocarpi",  isopiiocarpin,  and  pilocarpidin.  These  differ  merely 
in  the  stretiRth  of  their  action,  pilocarpin  being  by  far  the  strongest, 
and  pilocarpidin  the  weakest.  A  similar  alkaloid,  nigellin.  is  found 
in  Nigella  sativa.  It  was  formerly  believed  that  pilocarpus  contained 
another  alkaloid,  jatwrin,  with  atropin  actions.  This  view  has  been 
shown  to  be  erroneous. 

I.  SUMMARY  OF  ACTIONS. 

1.  Stimulation,  followed  in  larger  doses  by  depression, 
of  the  peripheral  structures  which  are  paralyzed  by  atropin. 

The  stimulation  is  very  persistent.  The  action  is  main- 
ly on  the  nerve-endings,  but  also  involves  the  ganglia  and 
cells. 

2.  A  late  and  weak  stimulation,  followed  by  more  con- 
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spicuous  paralysis,  of  certain  parts  of  the  central  nervous 
system, 

11.  ACTIONS  IN  DETAIL. 

ReUtloo  to  Atropin,  MuKarin,  etc — Small  doses  of  pUocarpin 
are  almost  exactly  antagonistic  to  atropin;  larger  doses,  however,  are 
synergistic.  This  can  be  best  shown  in  the  vagus  action  (Marshall, 
1904),  and  in  their  effect  on  developing  ova  (Sollmann,  1904).  The 
former  involves  nervous  actions,  the  latter  the  direct  effect  on  cells. 
In  the  case  of  glands,  the  stimulant  phase  is  much  more  persistent, 
and  the  antidotal  effect  is  almost  directly  proportional  to  the  quaadtj 
of  pilocarpin. 

The  effects  of  small  doses  of  pilocarpin  on  most  organs  correspond  - 
almost  exactly  to  those  of  muscarin,  although  the  two  alkaloids  are 
not  related  chemically.  Relatively  much  larger  doses  of  pilocarpja  are 
required  to  antagonize  atropin,  because  its  action  is  partly  ganglionic 
It  differs  from  muscarin  especially  in  the  fact  that  the  latter  is  stimu- 
lant even  in  large  doses,  whilst  large  amounts  of  pilocarpin  become 
depressant  and  Uierefore  antagonistic  to  muscarin. 

(A)  Gluidi.1 —  Pilocarpin  produces  an  increase  in  the  se- 
cretion of  saliva,  sweat,  tears,  mucus,  and  of  the  gastric, 
pancreatic,  and  possibly  of  the  intestinal  juice. 

The  effect  upon  the  secretion  of  milk  is  doubtful.*  An  increase  in 
the  proportion  of  sugar  in  the  blood  has  been  ascribed  to  the  stimula- 
tion of  the  glycogenic  nerves  in  liver.  The  secretion  of  urine  and 
bile  is  not  directly  affected  (MacCallum,  igos)  ;  the  considerable  loss 
of  fluid  t^  other  channels  generally  diminishes  the  water  and  chlorids 
of  the  unne  (Asher,  1905). 

The  general  increase  in  the  secretions  is  due  mainly  to 
water ;  but  the  total  solids  are  also  increased,  although  their 
percentage  is  lessened.  The  amount  of  water  lost  in  this 
manner,  mainly  by  the  perspiration,  is  very  large  —  as 
much  as  a  gallon  after  a  single  injection. 

The  seat  of  the  stimulation  is  mainly  in  the  nerve  endings 
or  ganglia. 

It  is  not  central,  since  it  occurs  after  section  of  the  nerves;  nor 
does  it  reside  in  the  cells,  since  it  can  be  arrested  by  atropin,  which 
acts  upon  the  nervous  structures  only.  That  it  may  occur  through 
stimulation  of  the  nerve  endings  is  shown  by  the  fact  that  in  the  cat's 
paw  the  secretion  of  sweat  is  increased  by  pilocarpin  (after  division 
of  the  sciatic),  yet  the  sweat  nerves  in  this  situation  possess  no  gang- 
lia. It  is  claimed  that  pilocarpin  is  effectual  two  weeks  after  section 
of  the  sciatic.  Since  the  nerves  would  be  degenerated  by  this  time, 
it  would  seem  that  the  pilocarpin  can  stimulate  the  gland  cells  directly. 
But  the  statement  needs  confirmation.  It  is  furthermore  very  proba- 
ble, that  a  part  of  the  stimulation  involves  the  ganglia,  on  account  of 

'Tbm  are  at  pr<»»nt  no  •mHj'  t*li»ble  dit>  coDceming  the  iciion  of  imgi 
<ctc«|>t  (Icobol)   upon  milh  Kcrction. 
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its  action  on  the  heart,  where,  as  we  shall  see,  it  stimulates  these 
mainly ;  and,  further,  the  dose  of  pilocarpin  required  to  produce  secre- 
tion after  atropin  is  relatively  much  larger  than  that  of  muscarin 
(which  stimulates  the  endings),  showing  that  part  of  its  action  must 
be  higher  up  than  with  the  latter. 

Acceleration  of  the  blood  current  through  the  glands 
occurs  as  a  secondary  effect  of  their  increased  action.  A 
common  effect  of  pilocarpin,  a  hyperemia  of  the  skin  (re- 
sulting in  an  increase  of  its  temperature),  may  "possibly  be 
due  to  the  increased  activity  of  the   sweat-glands. 

(B)  UMtrip«d  miuole  generally  (except  that  of  blood- 
vessels, which  appears  almost  exempt  from  its  action)  is 
thrown  into  contraction  by  stimulation  of  its  peripheral 
nervous  apparatus.  This  is  most  conspicuous  in  the  intes- 
tine, resulting  in  increased  peristalsis,  diarrhea  and  colic' 
It  occurs  independently  of  the  central  nervous  system,  and 
is  abolished  by  atropin  in  the  same  manner  as  the  secretions. 
After  very  large  doses,  the  stimulation  is  followed  by 
paralysis.  An  identical  action  upon  the  stomach  results  in 
nausea,  retching,  and  vomiting,  but  the  effects  upon  this 
organ  are  much  less  than  those  upon  the  intestine.  Of  oth- 
er unstriped  muscle,  that  of  the  bronchi,  bladder,  spleen, 
and  possibly  of  the  uterus,  is  affected  in  the  same  manner. 

(C)  In  the  eye  *  pilocarpin  produces  miosis  and  spasm  of 
accommodation  through  stimulation  of  the  motor-ocuH  end- 
ings and  ganglia,  the  evidence  being  the  same  as  in  the  case 
of  glands.  The  intraocular  tension  is  at  first  raised,  fol- 
lowed by  a  more  persistent  fall,  due  to  the  miosis.  Lai^ 
doses  produce  late  paralysis  of  the  oculomotor  endings,  as 
elsewhere.' 

(D)  FUocBTpin,  applied  to  the  frog's  heart,  produces  stimu- 
lation of  the  vagus  ganglia  with  following  paralysis.  There 
is  at  first  diastolic  standstill,  after  which  the  heart  returns 
to  its  normal  rate.  Stimulation  of  the  vagus  trunk  is  now 
ineffective,  but  stimulation  of  the  sinus  produces  stoppage. 
This  shows  that  the  endings  are  not  paralyzed,  and  the 
paralysis  must  therefore  be  limited  mainly  to  the  ganglia ; 
although  most  observers  also  claim  some  affection  of  the 
endings  in  addition. 

Very  large  doses  again  stop  the  heart,  but  since  atropin 

'Old  »[iilioi»  of  pilocirpin   niKjr  c«UH   nrdriuii. 
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does  not  remove  this  final  standstill,  it  is  evident  that  it  must 
be  due  to  direct  paralysis  of  the  heart-muscle. 

In  the  excised  mammalian  heart  ( Hedbom-LangendorfF) 
the  action  is  the  same,  but  the  stage  of  vagus  stimulation  is 
short :  the  rate  is  suddenly  sloweid ;  this  lasts  but  a  short 
time ;  then  there  is  marked  quickening  with  increased  tonus 
(peripheral  paralysis  of  vagus).  Large  doses  paralyze  the 
muscle. 

In  those  mammals  in  which  fhe  vagus  is  constantly  acting 
—  e.  g.,  dog  and  man  —  pilocarpin  gives  a  marked  accelera- 
tion of  the  pulse,  with  increased  blood-pressure  (Fig,  57,  B) 
and  later  with  arhythmia.  The  cause  for  this  must  be 
sought  in  vagus-paralysis ;  but  the  rise  of  blood-pressure  is 
partly  due  to  a  stimulation  of  the  vasomotor  center.     In 


Pig.     S7.— Pilocarpin.     Carotid     presiure,     dog.     Thf     aclion     btgim 


large  doses  this  action  is  followed  by  muscular  slowing  and 
weakening  of  the  heart,  and  consequently  fall  of  pressure. 
This  action,  as  in  the  frog,  cannot  be  removed  by  atropin, 
and  is  on  the  muscle  directly.  In  rabbits,  a  short  primary 
vagus  stimulation  precedes  the  phenomena  described  for 
dogs,  and  makes  itself  felt  by  slowing  of  the  heart  and  fall 
of  blood-pressure;  this  action  sometimes  occurs  in  man  and 
dog  (Fig.  57,  A).  Small  doses  merely  increase  the  excita- 
bility of  the  vagi. 

(E)  Centra!  Kervong  SyBtem. —  The  action  is  weak  and 
appears  late,  so  that  it  is  entirely  overshadowed  by  the 
peripheral  actions.  The  effects  are  mainly  depressing  (and 
this  applies  to  the  other  groups  of  the  series).  Vasomotor 
paralysis  is  a  rather  early  and  prominent  symptom ;  it  leads 
to  dyspnea.     Later,  the  respiratory  center  is  also  depressed. 
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Edema  of  the  lungs,^  consequent  on  the  weakened  heart  and 
obstruction  of  the  bronchi  by  mucus,  is  a  frequent  occur- 
rence. The  motor  centers,  especially  those  of  the  cord,  show 
some  stimulation  (increased  reflexes,  tremors,  convulsions) 
and  later  paralysis. 

Metabolism. —  Pilocarpin  somewhat  increases  CO2  pro- 
duction and  tends  to  raise  the  temperature,  even  in  curarized 
animals,  i.  e.,  by  direct  stimulation  of  the  glands  and  un- 
striped  muscle. 

III.  TOXICOLOGY. 

The  toxicology  of  pilocarpin  is  not  very  important.  The 
■ymptoms,  which  apply  also  to  muscarin,  begin  with  a  greatly 
increased  secretion  of  saliva,  sweat,  and  tears ;  then  nausea, 
profuse  vomiting,  and  painful  diarrhea;  pupillary  contrac- 
tion and  spasm  of  accommodation ;  pulse  variable  in  rate, 
tense,  and  arhythmic ;  palpitation ;  dyspnea  with  rales ;  some- 
times confusion  of  ideas,  vertigo,  tremors,  and  feeble  con- 
vulsions. Death  occurs  either  by  paralysis  of  the  heart  or 
edema  of  the  lungs. 

Untoward  effects  from  the  alimentary  canal  are  seen  most  frequently 
if  the  drug  is  given  by  moath,  but  occur  also  on  hypoderrnic  admin- 
istration. They  consist  in  very  prolonged  and  depressing  nausea  and 
vomiting,  sometimes  leading  to  collapse.  The  disturbance  of  accom- 
■Dodaiion  causes  misty  vision.  A  burning  sensation  in  the  urethra, 
•riih  sudden  and  irresistible  desire  to  urinate,  is  often  observed. 

Treatment —  Atropin  is  a  physiologic  antidote.  Other- 
wise the  general  treatment  of  alkaloidal  poisoning.  For 
materia  medica  and  therapeutic  uses,  see  end  of  chapter. 

(F)  CURARE  GROUP.* 

I.  MEMBERS,  DERIVATION.  AND  CONSTITUENTS, 

The  most  characteristic  action  of  curare  —  the  paralysis 
of  the  nerve-endings  in  striped  muscle  —  is  possessed  by 
many  poisons.  The  curare  action  is  indeed  so  widely  dis- 
tributed that  it  may  be  looked  upon  as  a  peculiar  expression 
of  fatigue  or  as  a  sign  of  injury  to  these  endings. 

.'The  rdema  produced  by  .the  drtts;  of  this  sericl  coiuHts  ralbcr  in  dw 
"iDi  of  the  cjpilUries  a  ■  nttxaarj  factor  for  the  latter. 
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Among  the  most  important  poisons  possessing  this  action  are  the 
following ;  • 

Certain  ammonia  bases,  amids  and  amins,  cholin,  muscarin,  etc. 

Methyl -strychnin. 

Aromatic  series:    Pyridin,  quinolin,  thallin. 

Nicotin  series,  pi  peri  din. 

Camphor  in  frogs,  but  not  in  warm-blooded  animals. 
Certain  putrefactive  ptomains. 
Products  of  muscle  metabolism. 
The  curare  action  of  many  of  these  drugs  can  only  be  demonstrated 
in   frogs,  being  obscured   by  other  actions  in   mammals.    These  are 
not,  therefore,  included  in  the  curare  KToup. 

Curare  is  derived  from  the  root-bark  of  South  American  plants  of 
the  genus  Strychnos.'  It  is  prepared  by  the  Indians  as  an  arrow  poi- 
son. The  different  samples  which  find  their  way  into  commerce  prob- 
ably have  quite  a  different  constitution.  They  are  called  Tiennas, 
Woorara,  and  Curare,  Certain  of  them  are  also  said  to  contain  snake 
venom,  but  this  appears  to  be  erroneous.  Ail  these  samples  lose  a 
great  deal  of  their  activity  in  time,  especially  if  moist,  and  commercial 
curare  is  a  most  unreliable  drug. 

The  constituents  vary   with  the  origin   and  also   with  the   length  of 
time  during  which  the  drug  has  been  kept.    They  are  alkaloida)  in 
nature.    The  most  important  are: 
Curarin, 
Protocurarin. 
Tubocurarin. 
They  decrease  in  activity  in  the  above  order,  the  curarin  being  the 
strongest    Curarin  is  related  chemically  to  strychnin,  and  these  two 
alkaloids  also  agree  in  some  of  their  side-actions. 

II.  SUMMARY  OF  ACTIONS. 

1.  Paralysis  of  the  nerve  endings  in  striped  muscles. 

2.  Later,  paralysis  of  the  nerve  endings  around  sympa- 
thetic ganglia  (vasomotor  and  vagus). 

3.  With  very  large  doses  a  direct  depression  of  the  irrita- 
bility of  the  muscle  substance." 

4.  Under  special  conditions  a  strychnin-like  action  on  the 
central  nervous  system. 

III.  DETAILS  OF  ACTIONS. 

1.  Faralyais  of  Hucle-Berve  Endings —  Ordinarily  the 
only  symptoms  of  "  curare  "  poisoning  consist  in  this  pa- 
ralysis. When  the  curare  is  introduced  under  the  skin,  it 
causes  a  total  loss  of  motion,  first  of  the  voluntary  and  then 
of  the  respiratory  muscles.  The  order  in  which  this  dis- 
turbance appears  is  the  following :' 

'It  wai  first  brouglii  lo  Europe  from  Guyana  by  Sir  W.  Ralrigh  in   'SW- 

inu»rl«  but  thji  »  not  the  cose  with  curare  UseM.  .  .,  ^ 

'The   muMlet   which    are    leaM    affected    bv    curare    are    thoM    which   cohMtb 
the    largesi    tmaunt    of    utiliiable 
of   the    (nimal.     This   supply   ol  < 
ceptibility  lo  the  depreuinfl  adioi 
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(a)  Short  muscles  of  the  toes,  ears,  and  eyes. 

(b)  Limbs,  head,  and  neck, 

(c)  Respiration. 

The  heart  is  not  affected  except  with  very  much  larger 
doses. 

The  first  sign  of  curare  action  consists  in  incapacity  for  sustained 
effort  on  repeated  stimulation  of  the  nerve;  1.  e.,  whereas  a  single 
contraction  is  normal,  fatigue  sets  in  more  readily  than  usual.  Then 
the  height  of  contraction  is  somewhat  lowered.  Then  the  current 
must  be  strengthened  to  obtain  any  response;  and  finally  even  the 
ttronsest  stimulation  —  of  the  nerve  —  is  ineffectual, 

'•  -5  evident  that  so —  -.— -  - ■     -'     -' 


s  system  or  it  might  be 
peripheral.  Stimulation  of  the  sciatic  does  not  produce  a  contraction 
if  the  dose  has  been  sufficient.  The  point  of  attack  must,  therefore, 
be  peripheral  to  the  sciatic  nerve.  This  leaves  the  nerve-trunk  itself, 
the  nerve  endings,  and  the  muscle-fibers.  Stimulation  oi  the  muscle 
directly  Is  effective,  so  that  this  is  excluded.  To  decide  between  the 
nerve-trunk  and  nerve  endings,  Bernard  in  his  classical  experiment 
placed  a  ligature  around  the  body  of  a  frog,  with  the  exception  of  the 
sciatic  nerves,  and  tightened  the  ligature  so  as  to  entirely  exclude  the 
lower  extremities  from  the  circulation.  He  then  injected  the  curare. 
In  this  manner  the  peripheral  portions  of  the  sciatic  nerves  and  the 
endings  did  not  come  into  contact  with  the  curare  and  the  nerve-trunk 
iras  alone  exposed  to  the  poison.  He  found  that  stimulation  of  the 
trunk  caused  normal  contraction,  consequently  that  curare  had  no 
action  on  it,  thus  leaving  only  the  endings  (Exercise  43). 

The  experiment  can  be  performed  in  a  much  simpler  manner  by 
ligaturing  one  leg  exclusive  of  the  nerve,  or  by  placing  the  muscle  of 
one  and  the  nerve  of  another  muscle-nerve  preparation  into  the  solu- 

This  paralysis  docs  not  affect  the  sensory  nerves.  The  reports  of 
early  travelers  who  describe  poisoning  by  curare-arrows  mention  that 
sensation  is  not  impaired  when  motion  is  entirely  impossible,  Bernard 
also  studied  this  action  directly  on  the  frog.  He  ligatured  one  leg 
with  the  exception  of  the  sciatic  nerve,  injected  the  poison,  and  applied 
the  stimulus  to  one  of  the  upper  extremities.  This  caused  a  reflex 
movement  of  the  ligatured  leg,  which  would  not  have  been  the  case 
had  the  sensory  endings  of  the  foreleg  been  paralyzed. 

In  cold-blooded  animals  in  which  the  respiratory  exchange 
takes  place  largely  through  the  skin,  and  respiratory  move- 
ments are  unnecessary,  the  poison  is  gradually  eliminated 
if  the  animal  be  kept  in  a  moist  atmosphere.  Complete  re- 
covery occurs  after  eight  to  ten  days,  except  when  the  dose 
is  extremely  large,  in  which  case  other  factors  come  into 
play. 

Warm-blooded  animals  die  of  paralysis  of  the  respiratory 
muscles.  If  artificial  respiration  be  kept  up  and  the  dose 
has  been  only  just  large  enough  to  produce  a  paralysis,  they 
may  also  recover. 
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tdiately,   whilst 

_         .  of  the   curare 

as  if  an  increasing  resistance 

lerve  and  the  muscle. 

is  also  peripheral,  for  stiinu- 

cause  contraction  of  the  dia- 


:  endings  require  several  hours, 
increases  progressively  with  the  dose;  i'  '"  ' 
were  gradually  introduced  between  the 

The  seat  of  the  respiratory  paralyse 
lation  of  the  phrenic  nerve  does  nol 
phragm. 

The  respiratory  paralysis,  if  it  is  nc-   .,-  , .-   ,...,., 

moved  1^  physostigmm:  stimulation  of  the  sciatic  also  becomes  effec- 
tive again.  It  cannot  be  decided  whether  this  restorative  action  of 
the  physostigmin  is  on  the  endings  or  on  the  muscle  (Roihberger, 
1901). 

Curare  paralyzes  the   temperalare-nerves  of  the  muscles,  as  well  as 
the  motor  nerves,  so  that  cocain,  e.  g.,  cannot  raise  the  temperature. 

The  muscular  paralysis  lowers  the  metaboUsm,    It  is  claimed  that 


J  profound,  is  promptly  re- 


*v, 


Fie.      58.— Curare.      Carotid     prcsaurt,     dog.      Thf     action      begins     ■!      X 
h»re    i*    firit   a   fall   of   blood   pressure,    due   to   vasoconitriclor    depression;    s« 

1  ia  effectual'  but"weak."^  lumulation  o1  aclflic  I  ca'uses  rise  of  pressure  altbonll 

complete!]'  paraljried. 


e  akelelBl  musclea 


this  diminution  is  far  more  conspicuous  in  the  nitrogen,  than  in  the 
carbon-metabolism. 

2.  Larger  doses  paralyze  the  nerve  endings  around  the  «yinpBthetic 
ganglia,  such  as  the  vagus,  vasomotor,  salivary,  pupillary,  etc. 

Stimulation  of  the  vagus  then  usually  only  slows,  but  does  not  stop 
the  heart.  (Fig.  58.)  At  this  stage  the  pupil  is  Uttle  affected;  later 
it  is  dilated  (paralysis  of  oculomotor?).  The  heart  is  quickened,  after 
a  slight  primary  slowing   (nicolin-like  stimulation?). 

3.  Effects  on  the  Circulation If  artificial  respiration  is  main- 
tained, the  first  effect  of  curare  on  the  circulation  consists  in  a  fall 
of  blood-pressure,  due  to  peripheral  vasomotor  depression.  This  is 
soon  accompanied  by  quickened  heart  beat,  from  depression  of  the 
vagus  ganglia.  The  depression  does  not  readily  pass  into  paralysis, 
so  that  stimulation  of  the  vagus  or  sciatic  is  still  eflective;  indeed,  the 
vasomotor  reflexes  may  be  increased,  through  the  central  action  of 
the  curare.  These  effects  on  the  circulation  do  not  appear  to  last  as 
long  as  the  effect  on  the  voluntary  muscles;  they  are  indeed  so  small, 
that  they  do  not  seriously  interfere  with  the  employment  of  the  drug 
in  experiments.  The  main  objection  which  may  be  ur^ed  against  the 
latter  is,  that  it  does  not  produce  sensory  paralysis,  whilst  the  absence 
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of  stniKg'inS.  *t'^'  might  cause  the  inexperienced  operator  to  neglect 
a  proper  enforcement  of  other  means  of  anesthesia. 

An  increase  of  periilaliis  is  often  observed,  but  is  probably  due  to 
asphyxia;  so  also  are  any  changes  in  metabolism  and  largely  the 
ilycotHiia. 

4.  Central  Nervoua  Syrtem.—  When  curare  is  applied  directly  to 
the  spinal  cord  it  causes  typical  strychnin  convulsions.  With  ordinary 
methods  of  administration  these  are  masked  by  paralysis  of  the  nerve 
endings.  Certain  samples,  however,  cause  strychnin  convulsions  be- 
fore the  typical  curare  action  appears. 

IV.  REASONS  FOR  INACTIVITY  OF  CURARE  WHEN  GIVEN 
BY  STOMACH. 

The  effects  of  curare  are  obtained  only  if  it  is  introduced 
under  the  skin  or  into  the  circulation,  not  if  introduced  into 
the  stomach.  The  experiments  on  the  administration  of 
curare  by  the  stomach  have  shown  that  — 

1.  It  is  not  destroyed  by  the  gastric  juice,  pancreatic 
juice,  or  saliva. 

2.  It  passes  very  slowly  through  the  walls  of  the  stomach 
when  the  epithelium  has  been  killed,  and  not  at  all  if  the 
q)ithelium  is  still  living.  (It  will  be  remembered  also  that 
strychnin  is  not  absorbed  by  the  stomach  in  rabbits,) 

3.  It  is  to  a  large  extent  fixed  or  destroyed  by  the  liver, 
for  it  is  much  less  active  when  injected  into  the  portal  than 
into  the  jugular  vein.  It  is  also  destroyed  in  vitro  by  ox- 
bile,  and  by  bacteria. 

In  frogs  the  liver  is  the  main  agent  in  the  disintoxication:  in  nor- 
mal animals  fifty  times  as  much  curare  is  required  by  mouth  as  hypo- 
dermically;  the  difference  disappears  completely  if  the  liver  is  excised; 
digestion  of  curare  with  liver  substance  destroys  its  activity. 

4.  It  is  very  rapidly  excreted  unchanged  in  the  urine. 

In  mammals  the  inactivity  of  curare  by  the  mouth  is  due 
partly  to  its  destruction  by  the  bile  and  bacteria :  but  mainly 
to  the  capacity  for  absorption  being  less  than  the  capacity 
for  its  destmction  or  excretion.  If  the  renal  vessels  are 
tied,  poisoning  occurs  quite  readily  even  when  it  is  taken 
by  the  stomach.  If  very  large  doses  are  taken  on  an 
empty  stomach,  sufficient  may  be  absorbed  to  cause  symp- 
toms. 

V.  TOXICOLOGY. 

The  toxicology  of  curare  itself  is  at  the  present  time  of 
very  little  importance.  The  symptoms  have  been  sufficiently 
discussed  and  consist  of  paralysis.     In  some  cases  in  which 
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it  seems  to  have  paralyzed  the  respiratory  center  before  the 
muscles,  it  has  given  rise  to  asphyxial  convulsions  (or  per- 
haps these  were  due  to  strychnin  action). 

Certain  ptomains  also  exhibit  a  similar  action. 

The  physiologic  treatment  would  be  the  maintenance  of 
artificial  respiration  until  the  poison  has  been  excreted. 
Physostigmin  may  be  used.  The  Indians  use  salt  on  the 
wound.  This  may  be  useful  on  account  of  the  reflex  stimu- 
lation which  this  causes  when  applied  to  an  open  surface. 

VI.  THERAPEUTICS. 

Curare  is  a  laboratory  drug.  It  is  of  high  importance  in  technic  to 
immobilize  an  animal  without  producing  any  change  in  the  circulatioo. 
It  is  also  very  useful  when  it  is  desired  to  investigate  the  propertie* 
of  muscle  exclusive  of  its  nerve  endings,  etc. 

Its  therapeutic  application  is  still  largely  experimental  and  not  vety 
promising.  It  has  been  suggested  to  combat  the  convulsions  of  strych- 
nin, tetanuS)  and  hydrophobia.  It  is  certainly  quite  possible  to  sup- 
press the  spasmodic  condition  by  sufficiently  large  doses.  Unfor- 
tunately, however,  it  is  impossible  to  secure  this  without  at  the  same 
time  paralyzing  respiration.  This  latter  may,  theoretically,  be  counter- 
acted by  artificial  respiration,  but  this  prolonged  manipulation  is  in 
itself  injurious.  On  the  other  h^nd,  minimal  doses  may  be  considered 
useless,  and,  indeed,  as  has  been  pointed  out,  even  if  the  spasms  could 
be  suppressed  without  affecting .  the  respiration,  this  would  not  be  an 
ideal  treatment  for  strychnin.  In  well-chosen  cases,  however,  curare 
may  be  the  means  of  saving  life.  Convulsions  certainly  tend  to 
heighten  fatigue  and  paralysis  of  the  medullary  centers,  and  if  in  a 
case  in  which  the  degree  of  poisoning  just  exceeded  the  lethal  limit 
by  a  very  little,  a  minimal  amount  of  curare  were  injected,  this 
might,  perhaps,  reduce  the  spasm  sufficiently  to  turn  the  scale,  or 
somewhat  larger  doses  might  be  given  which  would  require  some,  but 
not  very  much,  artificial  respiration.  This  has  actually  been  done, 
and  in  desperate  cases  curare  is  worthy  of  a  Irial ;  but  in  addition  to 
the  other  objections  come  the  very  uncertain  quantitative  effects.  It 
would  only  be  justified  to  work  with  tested  samples,  and  these  are 
very   rarely  accessible   when   needed. 

AdimnistratioH. —  The  drug  should  be  given  hypodermically.  using 
per  kilo,  of  patient  'Ao  Ihe  fatal  dose  determined  per  kilo,  of  dog:  and 
being  prepared  for  artificial  respiration  and  physostigmin.  Curarin, 
if  pure,  would  give  an  exact  substance,  in  the  dose  of  5  mg.  hypo- 
dermically.    The    reliability    of    the    alkaloid     is,    howevW,    open    to 

(G)  NICOTIN  GROUP. 
I.  MEMBERS. 

The  group  comprises  nicotin,  the  active  alkaloid  of  tobacco,  and 
piturin.  a  very  similar,  if  not  identical,  alkaloid,  derived  from  Duboitia 
Hopwoodii,  which  is  chewed  by  the  natives  of  Australia  as  tobacco. 
The  action  of  lobelin  is  also  very  similar. 

Although  nicotin  forms  the  only  important  ingredient  of  tobacco 
or  its  smoke,  its  action,  when  used  habitually,  presents  sufficient  differ- 
ence to  entirely  separate  it  from  the  acute  action. 
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(A)   Acnte  Action  of  Kicotiii   (and  Piturin). 

This  bears  the  greatest  resemblance  to  that  of  pilocarpin,  with  the 
following  exceptions : 

The  effects  upon  the  central  nervous  system  are  more  marked  and 
are  mainly  depressing. 

In  glands  and  unslriped* muscle,  it  paralyzes  the  ganglia  exclusively; 
its  action  upon  the  eye  shows  some  differences. 

It  has  a  curare  action  on  muscle  endings. 

11.  SUMMARY  OF  ACTIONS. 

1.  Depression  of  the  central  nervous  system,  preceded 
by  short  stimulation. 

2.  A  stimulation,  and  more  lasting  paralysis,  of  sympa- 
thetic ganglia  in  all  situations. 

3.  A  curare  action  upon  skeletal  muscle  endings,  also 
preceded  by  stimulation. 

in.  DETAILS  OF  ACTION. 
1.  Central  HervoM  Syitem. —  Stimulation,  followed  by  de- 
pression, of  the  whole  cerebrospinal  axis,  from  above  down- 
ward.    The  symptoms  from  large  doses  resemble  those  of 
asphyxia  or  hydrocyanic  acid.' 

The  stimulation  may  be  entirely  absent,  especially  in  large  doses,  so 
that  the  animal  may  drop  dead  almost  instantaneously,  without  any 
other  symptom.    But  this  is  not  common. 

The  effects  of  small  doses,  such  as  are  noticed  in  the  first  attempt 
at  smoking,  will  be  discussed  later. 

In  mammals,  moderate  doses  act  mainly  on  the  hemispheres,  pro- 
diKing  transitory  excitement,  followed  by  lasting  depression,  with 
violent  headache.  (In  frogs,  (he  action  on  the  cerebral  centers  seems 
to  be  very  small,  for  the  effects  are  the  same,  whether  the  hemispheres 
are  intact  or  removed.) 

The  action  on  the  medullary  centers  is  marked  and  violent :  the 
Ttipiration  is  at  first  increased,  and  then  markedly  depressed  ;  paral- 
ysis of  the  respiratory  center  being  the  cause  of  death.  The  va^us 
and  vasomotor  centers  are  also  first  stimulated,  and  then  paralyzed. 
The  salivation  and  vomiting,  which  are  so  prominent  with  moderate 
nicotin  intoxication,  are  probably  also  in  part  due  to  medullary  stimu- 

The  action  on  the  spinal  cord  consists  in  strong  stimulation  of  motor 
cells,  producing  convulsions,  passage  of  feces  and  urine,  etc.  If  the 
nicotin  is  applied  to  one  part  of  the  cord,  the  convulsions  remain 
confined  to  the  muscles  innervated  from  this  area  (difference  from 
rtrychnin,  which  acts  on  the  sensory  cells).  The  stimulation  is  fol- 
lowed by  paralysis. 

The  spinal  ganglia  are  not  affected,  even  when  a  1%  solution  of 
strychnin  is  applied  directly  10  them. 
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The  nicotin  convul 
cord,  but  involve  the 
weakened  by  anesthesia. 

2.  Peripheral  Actiona. —  The  peripheral  effects  of  nicotin 
resemble  those  of  pilocarpin ;  however,  the  action  is  confined 
to  the  ganglia;  and  the  stimulation  is  succeeded  promptly 
by  paralysis. 

From  the  situation  of  the  nicotin  actions,  it  follows  that  they  can 
be  removed  by  atropin  or  muscariti,  but  that  the  latter  are  quite  unaf- 
fected by  nicotin.  The  nicotin  effects  can  be  secured  very  efficiently 
by  local  application  to  the  ganglia.  If  the  preganglionic  fibers  have 
degenerated  (7  to  26  days  after  section  of  the  nerve),  nicotin  is  still 
active,  so  that  it  must  act  upon  the  ganglion-cells  themselves  (Langley. 
1901). 

(0)  Action  on  the  Circulation.—  The  effects  are  shown  in  Fig.  59, 


and  explained  by  Fig.  60.  The  heart  is  first  greatly  slowed,  from 
central  and  ganglionic  vagus  stimulation.  At  the  same  time  the  blood- 
pressure  begins  to  rise,  from  central  vasomotor  stimulation.  Quite 
suddenly,  the  slow  heart<beat  is  replaced  by  great  quickening  (paral* 
ysis  of  the  vagus  ganglia').  The  blood  pressure  may  be  very  high:  but 
as  the  vasomotor  ganglia  become  more  and  more  depressed,  the  ves- 
sels become  dilated  and  the  pressure  falls.  The  dilation  can  be  plainly 
seen  in  the  intestinal  vessels  or  the  rabbit's  ear.  The  vasomotor 
ganglia  are  not  readily  paralysed  completely,  so  that  direct  or  reflex 
stimulation,  or  a  second  injection  of  nicotin,  again  cause  a  short  con- 
striction. The  heart  muscle  eventually  wears  out,  mainly  because  of 
the  lowered  coronary  pressure.  The  direct  action  of  nicotin  on  the 
myocardium  (as  seen  in  excised  hearts)  seems  to  increase  its  irritabil- 
ity, so  that  it  beats  a  longer  time  after  death ;  but  many  experimenters 
differ  from  this  view. 
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(b)  Action  on  Unstrlped  Muccle. —  Nicotin  acts  on  all  unstriped 
muscle,  paralyzing  the  ganglia  after  a  brief  stimulation;  the  tone  of 
the  muscles  is  lowered.  This  applies  to  the  uterus,  bladder,  etc.,  but 
its  principal  action  is  on  the  alimentary  canal.  The  peripheral  effects 
may  be  concerned  in  the  nausea  and  vomiting,  but  these  are  doubtless 
largely  central.  Nicotin  also  induces  a  violent  peristaiiis,  and  even 
tetanic  contraction  of  the  intestine.  This  is  almost  purely  of  peripheral 
origin,  for  it  occurs  also  in  excised  intestine.  It  is  immediately  abol- 
ished by  atropin.  It  must  therefor  be  referred  to  a  persistent  stimu- 
lation of  the  ganglionic  cells  of  Meissner's  and  Auerbach's  plexus. 
At  the  same  time,  stimulation  of  the  splanchnic  and  vagus  becomes 
ineffective,  so  that  the  ganglia,  which  are  intercalated  between  these 
nerves  and  the  intestine,  are  paralyzed  by  the  nicotin. 

(c)  The  pnpU  shows  both  contraction  and  dilatation  at  different 
limes,  nicotin  acting  upon  the  ganglia  of  both  the  oculomotor  and  sym- 
pathetic libers.  There  may  even  be  a  direct  action  upon  the  iris 
muscle.     The   effect   is   different   in   different   animals ;     The   dog   and 
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Fig.    60. —  DIagrain   of  Ihe  actions  of  nicottn. 

(at  usually  show  dilatation ;  the  rabbit  first  constriction  and  then  dila- 
tation. 

(if)  The  general  remarks  already  made  suffice  to  define  its  action 
tipon  the  glands. 

(t)  Action  on  Skeletal  Muaclea.'— These  show  at  first  Abrillary 
hixtckings,  which  disappear  after  the  section  of  the  nerves,  but  are 
started  again  by  short  stimulation  of  the  nerve  or  muscle.  They  are 
abolished  by  curare,  and  must  hence  have  their  seat  in  the  endings 
as  well  as  in  the  central  nervous  system.  These  twitchings  are  fol- 
lowed by  typical  curare  paralysis. 

In  the  milder  stages  this  is  shown  by  an  equally  strong,  or  stronger, 
cnrrem  being  required  to  obtain  contraction  when  the  stimulus  is  ap- 
plied to  the  nerve  than  when  it  is  placed  on  the  muscle.  In  the  nor- 
mal preparation  the  opposite  is  the  case. 

The  excitability  and  irritability  of  the  muscle  cells  is  also  dimin- 
ifhed  by  nicotin. 

Nicotin  shows  a  further  agreement  with  curare  in  its  effects  upon 
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the  ganglia.  Curare,  of  course,  acts  more  upon  muscle,  nicotin  upon 
ganglia. 

Applied  directly,  strong  nicotin  solutions  also  paralyze  the  nerve- 
fibers. 

In  tower  animals  the  degree  of  toxicity  of  nicotin  is  determined 
mainly  by  the  development  of  their  central  nervous  system. 

Free  nicotin  is  caustic  on  account  of  its  alkalinity. 

IV.  TOXICOLOGY. 

I.  Toxicity.— Nicotin  is  one  of  the  most  fatal  and  rapid  of  poisons; 
the  vapor  arising  from  ,a  glass  rod  moistened  with  it  and  brou^t  near 
the  beak  of  a  small  bird  causes  it  to  drop  dead  at  once,  and  two  drops 
placed  on  the  gums  of  a  dog  may  cause  a  similar  result.  The  fataJ 
dose  for  a  man  is  about  60  mg. ;  of  tobacco,  about  2  Cm.  It  acts  with 
a  swiftness  only  equaled  by  hydrocyanic  acid.  And  in  view  of  the 
high  nico tin-content  of  tobacco  (one  cigar  contains  a  quantity  of  nico- 
tin which  would  prove  fatal  to  two  persons,  it  directly  injected  into 
the  circulation),  also  because  of  its  popular  distribution,  it  appears 
astonishing  that  fatal  nicotin- poisoning  is  not  more  common;  but  just 
this  wide  distribution  and  knowledge  of  the  drug  form  the  safeguard, 
as  also  the  marked  taste. 

Most  cases  of  poisoning  —  outside  of  the  slight  ones  from  first  at- 
tempts, at  smoking  —  have  been  produced  by  its  medical  application, 
especially  by  the  laity ;  and  since  this  has  been  largely  abandoned,  se- 
rious acute  nicotin- poisoning  has  become  very  rare.  It  must  be  men- 
tioned here  that  the  application  of  tobacco  to  wounds  or  bruises  is  not 
without  danger;  since  nicotin  is  volatile,  it  is  absorbed  from  all  sur- 
faces, even  from  the  intact  skin,  and  fatal  cases  from  this  cause  are 
recorded. 

2.  Symptonu —  In  lighter  cases,  such  as  commonly  occur 
in  smoking,  the  peripheral  actions  predominate.  There  is 
first  an  increased  flow  of  saliva,  paii:ly  reflexly  through  the 
mechanical  irritation  of  smoke,  but  mainly  by  direct  stimu- 
lation of  the  ganglia  through  the  nicotin.  Nausea,  vomit- 
ing, and  diarrhea  soon  appear.  The  sweat-glands  are  also 
affected  in  a  peculiar  manner :  There  is  a  sensation  of  on- 
coming sweat,  which  does  not  actually  break  out.  A  sensa- 
tion of  exhaustion  appears  very  early  —  partly  as  the  result 
of  nausea,  but  mainly  as  the  first  indication  of  central  col- 
lapse action.  Palpitation  is  also  noted.  Then  come  mus- 
cular incoordination,  convulsions,  and  collapse. 

The  effects  of  poisoning  with  pure  nicotin,  which  have  been  very 
carefully  studied  experimentally  on  man.  bear  the  greatest  resemblance 
to  the  above.  After  i  to  4  mg.  there  were  burning  in  the  mouth.  1 
scratching  sensation  in  the  pharynx,  increased  salivation,  a  sensation 
of  heat  spreading  from  the  region  of  the  stomach  over  the  whole 
body;  excitement  with  headache  now  appeared,  then  vertigo,  confu- 
sion, disturbed  vision  and  hearing,  photophobia,  dryness  in  mouth,  coH 
extremities,  nausea,  vomiting,  and  diarrhea.  Respiration  quickened, 
but  difficult.    Pulse  at  first  increased,  then  irregular.    After  forty-five 
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8.  The  treatment,  aside  from  the  chemic,  consists  of  cof- 
fee and  other  stimulants  and  in  meeting  the  symptoms. 
Emetics  will  usually  not  be  necessary. 

4.  The  portmortem  appearances  are  not  characteristic,  al- 
though large  doses  cause,  in  animals,  anemia  of  the  me- 
ninges and  peculiar  anatomic  changes  in  the  cortical  nerve- 
cells.  When  taken  by  the  mouth,  there  may  be  gastric  and 
intestinal  hyperemia,  since  nicotin  is  sufficiently  alkaline  to 
be  somewhat  caustic.  The  odor  may  furnish  a  valuable 
indication. 


FIs-  6i. —  Nicolia.    SucecMiTe  positions  of  fros  poiioned  with 


The  proof  o£  the  poison  after  its  separation  may  be  had  by  its  odor 
and  by  obtaining  its  physiologic  actions  on  frogs  (see  Exercise  42). 
The  muscular  tremors  and  the  position  which  a  frog  assumes  after ' 
nicotiti  are  highly  characteristic  (Fig.  61).  A  control  animal  should, 
of  course,  be  used. 

The  chemic  tests  are  of  no  practical  importance,  since  very  similar 
e  given  by  coniin  and  by  a  ptomain. 


The  excretion  of  nicotin  occurs  mainly  through  the  kid- 
ney, but  also  through  the  lungs  and  sweat.  Nicotin  is 
largely  destroyed  or  fixed  in  the  liver. 

Nicotin  is  very  resistant  to  putrefaction,  and  has  been 
isolated  from  the  decomposed  bodies  of  animals  three  months 
after  death. 
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(B)  Habitual  Nicotinism I.  Chemistry  of  Tobacco- 
smoke. —  The  effects  of  tobacco-smoke  are  due  almost  pure- 
ly to  the  nicotin  contained  in  it.  The  erroneous  statement 
has  been  widely  disseminated  that  the  smoke  was  free  from 
nicotin.  This  view  was  based  mainly  upon  theoretic  deduc- 
tion from  the  fact  that  the  nicotin  is  present  in  tobacco  in 
the  form  of  a  comparatively  fixed  salt.  It  was  believed  that 
the  alkaloids  in  this  form  were  burned  by  the  heat  of  smok- 
ing. More  exact  recent  researches  have  shown  that  under 
the  conditions  existing  in  smoking,  the  heat  rises  sufficiently 
high  to  set  the  nicotin  free  from  its  salt,  yet  not  high  enough 
to  destroy  it  completely. 

The  effects  of  smoke  upon  frc^s  are  precisely  those  of  the  nicotin 
contained  in  it.  The  drier  the  tobacco  and  the  greater  the  heat,  the 
less  nicotin  will  escape  destruction.  Moist  tobacco  produces  therefor 
the  ifreater  effects.  In  experiments  something  like  is  to  62%  of  the 
nicotin  present  in  the  tobacco  are  recovered  from  the  smoke :  but  a 
greater  part  of  this  is  exhaled  or  expectorated ;  in  natural  (inter- 
mittent) smoking,  the  aspirated  smoke  contains  only  a  sixth  of  the 
nicotin ;  this  explains  why  a  cigar,  containing,  as  has  been  said,  nico- 
tin sufficient  to  kill  two  men,  were  it  directly  injected,  has  so  com- 
paratively small  an  effect.  But  even  smoking  may  have  a  fatal  result 
if  a  sufficient  quantity  of  tobacco  is  consumed.  There  are  no  data 
concerning  the  percentage  of  nicotin  in  chewing  tobacco. 

Tobacco  smoke,  however,  does  contain  a  number  of  active  substances 
other  than  nicotin.  especially  the  combustion  products  of  the  alkaloids 
and  proteids:  pyridin,  picolin,  qtiinolin;  HCN  and  CO.  The  action  of 
:he  first  three  bases  resembles  that  of  nicotin  quite  closely.  (Pyridin 
;trongly  irritant;  it  has  been  used  as  inhalation  (io%  by  atomizer) 
the  treatment  of  asthma  and  fetid  bronchitis.)  Whilst  all  these 
substances  are  toxic,  their  quantity  is  too  small  to  have  any  serious 
effect;  f.  1.,  the  HCN  in  the  smoke  of  a  cigar  amounts  only  to  0.02 
to  0,5  mg.  However,  if  a  large  number  of  persons  smoke  in  a  con- 
fined atmosphere,  the  carbon  monoxid  in  the  air  of  the  room  may  rise 
to  a  dangerous  degree.  The  aromatic  essential  oils,  which  give  the 
flavor  to  tobacco,  are  practically  inactive. 

Arsenic  is  sometimes  present  in  harmful  quantities  when  Paris-green 
has  been  used  on  the  plant  as  an  insecticide. 

However,  the  oils  and  bases  aid  the  nicotin  to  produce 
certain  local  effects:  the  biting  sensation  on  the  tongue, 
noted  especially  when  the  smoke  is  concentrated  on  one 
point,  as  in  pipe-smoking.  This  constant  local  irritation 
also  seems  to  favor  the  development  of  epithelioma.  There 
is  also  a  more  general  irritation  of  the  mucous  membrane 
of  the  mouth,  throat,  and  pharynx,  leading  to  catarrh  and 
hoarseness.  But  these  results  follow  only  when  the  quan- 
tity consumed  is  very  large  or  the  smoker  specially  dis- 
posed. 


.dbyGoogle 


NICOTIN-HABIT.  265 

II.  Qenenil  Effecta.— The  question  of  the  effects  of  smoking  has 
been  largely  discussed  with  a  rather  unscientitic  extremeness,  some 
contending  that  it  is  entirely  harmless  when  moderately  used;  whereas, 
on  the  other  hand,  an  enthusiastic  French  writer  has  gone  so  far  as 
to  attribute  the  defeat  of  his  nation  in  the  war  of  1870  to  the  prev- 
alence of  cigarette  smoking.  Of  the  two  views,  the  former  would 
seem  to  come  nearest  the  truth  if  the  stress  is  laid  upon  the  word 
"  moderate." 

Since,  next  to  caffein,  nicoiin  is  the  alkaloid  most  widely  used,  an 
impartial  discussion  of  this  question  is  important. 

1.  Tolerance  and  Habituation. —  The  quantitative  effects  of  nicotin 
vary  considerably  in  different  persons.  These  variations  can  also  be 
observed  on  animals :  young  individuals  are  much  more  readily  pois- 
oned than  adults.  It  is  a  familiar  fact  that  a  considerable  degree 
of  tolerance  to  nicotin  Is  readily  acquired  by  its  repeated  use.  This 
may  also  be  observed  in  animals  (Haicher,  igo4)  ;  it  would  seem  that 
the  tolerance  is  much  greater  toward  the  usual  effect  of  small  doses, 
than  toward  toxic  doses.  The  serum  of  habituated  animals  does  not 
protect  others  from  the  Intoxication. 

]t  is  also  a  common  experience  that  the  degree  of  this  tolerance 
presents  great  individual  variations:  Whilst  one  person  may  become 
easily  accustomed  to  its  use,  another  may  be  entirely  unable  to  over- 
come the  trial-stage,  and  others  must  be  careful  not  to  exceed  a  very 
limited  amount.  This  variability  depends  not  only  on  differences  in 
the  susceptibility  of  the  individual,  but  also  upon  the  manner  of  using 
the  drug -— whether  or  not  the  smoke  is  deeply  inhaled,  the  saliva  ex- 
pectorated, etc. 

The  habituation  Is  usually  very  rapid,  and  nicotin  loses,  in  moderate 
doses,  all  its  usual  acute  effects. 

When  this  immunity  has  once  been  acquired,  the  continued  use  of  ' 
tobacco  within  a  certain  individual  limit  produces  absolutely  no  un- 
pleasant symptoms;  but  if  the  limit  be  at  any  time  sufficiently  ex- 
ceeded, the  symptoms  of  chronic  poisoning,  presently  to  be  discussed, 
arise.  After  a  long  time,  some  twenty  years,  these  symptoms  may 
also,  but  rarely,  occur  in  those  who  have  always  kept  within  bounds. 

Onet  the  immunity  to  the  usual  acute  action  of  nicotin  has  been 
acquired,  its  tise  by  smoking,  chewing,  or  snuffing  brings  with  it  a 
certain  pleasant  sensation,  which  appears  to  be  entirely  wanting  with 
die  banner.  This  is  somewhat  difficult  to  define.  There  appears  to 
be  a  certain  repose,  which,  whilst  it  neither  directly  aiUs  nor  hinders 
the  psychic  processes,  leaves  the  mind  free,  and  in  general  raises  the 
user's  enJOTment  of  other  pleasures,  or  lessens  his  annoyance  at  the 
opposite.  The  experience  of  recent  campaigns  appears  to  show  that 
the  use  of  tobacco  enables  soldiers  to  endure  greater  hardship. 

How  much  of  these  effects  is  due  to  nicotin,  how  much  to  other 
factors,  we  cannot  say.  It  is  certain  that  the  nicotin  strength  of  the 
tobacco  is  not  the  determining  feature  of  this  action  — rather  the 
aroma.  Smoking  in  the  dark  does  not  give  as  much  enjoyment; 
and  simply  hdding  an  unlighted  cigar  in  the  mouth,  the  chewinp  of 
other  objects,  etc.,  give,  similar,  though  much  weaker,  sensations. 
The  truth  would  seem  to  be  that  it  depends  upon  a  reflex  stimulation, 
from  the  mucous  membrane  of  the  mouth,  nose,  etc..  in  which  the 
nicotin  plays  a  part;  and  with  this  may  be  associated  a  direct  action 
of  the  nicotin  upon  the  central  nervous  system,  at  once  stimulating 
and  depressing. 

Allprandi  and  Fomaroli  (1905)  claim  that  tobacco-chew mg  causes 
a  distinct  constriction  of  the  cerebral  vessels. 

2.  Chronic   Intoxication.— The    symptoms   from    this    are    quite   va- 
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Tiabk,  but  may  be  briefly  stated  as:  Functional  arkylhmia  of  the 
heart,  digestive  disturbances,  depression  of  various  parts  of  the  central 
nemotts  system,  and  neuralgias. 

Tbe  first  symptom  to  be  noticed,  the  first  warning,  is  occasional 
palpitation,  the  pulse-rate  being  at  first  quickened  by  depression  of  the 
vagus  ganglia ;  if  the  nicotin  is  continued,  this  becomes  quite  per- 
sistent, but  stops  upon  withdrawal ;  in  advanced  cases  it  may  be 
necessary  to  continue  the  abstinence  as  long  as  six  months  or  more. 
In  the  more  advanced  cases,  the  pulse  may  also  be  slowed.  Arhythmia 
is  always  present.  In  still  graver  cases,  the  quickening  and  arhythmia 
may  be  extreme  and  approach  the  delirium  cordis.  Sudden  syncope 
also  occurs.  Respiratory  distress  naturally  accompanies  the  marked 
cardiac  phenomena.  The  effects  upon  the  heart  are  functional,  not 
organic.  Angina  pectoris  is  so  rare  in  these  subjects  Uiat  it  must  be 
attributed  to  causes  other  than  the  nicotin.  On  the  other  hand,  arterio- 
sclerosis appears  to  be  favored  by  it. 

The  symptoms  next  in  order  are  probably  those  arising  from  the 
alimentary  canal,  and  depending  upon  the  continued  irritant  action  of 
the  nicotin.  These  are:  Loss  of  appetite,  then  dyspepsia  and  chronic 
intestinal  catarrh,  shown  by  alternating  constipation  and  diarrhea. 
(With  moderate  smoking  the  nicotin  seems  rather  to  have  a  tendency 
to  keep  the  bowels  regular.)  These  conditions  lead  to  emaciation 
and  anemia.  A  direct  action  upon  the  blood  may  also  have  a  part 
in  this ;  the  continued  administration  of  nicotin  to  animals  leading  to 
diminution  of  red  corpuscles,  and  increase  of  leucocytes.  It  is  also 
claimed  that  it  diminishes  the  oxygenating  power  of  hemoglobin.  The 
nitrogen  excretion  is  rather  more  diminished  than  the  assimilation,  so 
that  there  may  be  a  gain  in  body-nitrogen. 

Paralyzing  effects  upon  the  central  nervous  system  become  apparent; 
these  are  rarely  of  a  serious  nature.  The  psychic  functions  show  a 
slowness  and  want  of  energy.  Anxiousness  and  insomnia  are  quite 
frequent.  There  is  a  general  muscular  debility,  tremors,  and  want 
of  control  over  movements.  The  reflexes  are  heightened.  Vertigo 
and  a  tabetic  condition  may  set  in.  There  is  then  an  increase  of  ex- 
citability in  the  sensory  and  pain  areas,  and  consequently  headache 
and  neuralgias ;  but  the  latter  are  in  part  due  to  referred  pain  from 
the  cardiac  disturbances.  Thejr  are  often  early  and  quite  characteris- 
tic, and  take  the  form  of  pain  and  hyperesthesia  in  the  precordial 
region,  left  nipple,  and  ulnar  surface  of  left  arm. 

The  special  senses,  and  especially  vision,  are  also  affected.  The 
latter  becomes  dim  and  the  accommodation  faulty;  miosis  is  frequent. 
These  conditions  are  at  first  readily  removed  by  withdrawal,  but  in 
advanced  cases  they  may  lead  to  an  atrophy  of  the  optic  nerve  and 
retinal  ganglion  cells. 

Transitory  aphasia  is  also  an  occasional  phenomenon,  and  so  is  tran- 
sitory albuminuria,  the  latter  due  to  irritation  of  the  kidneys  by  the 
excreted   nicotin. 

Of  other  effects  which  have  been  attributed  to  nicotin,  but  with 
insufficient  cause,  may  be  mentioned:  impotence,  epilepsy,  and  in- 
sanity (G.  W.  Jacoby,  1898). 

J.  Treatment. —  It  will  be  seen  that  the  catalogue  of  in- 
jurious actions  to  be  charged  against  the  abuse  of  this  drug 
is  sufficiently  large ;  but  on  the  other  hand,  it  must  be  noted 
that  these  are  absent  with  moderate  use.  and  can  be  abol- 
ished if  the  use  of  the  drug  is  promptly  limited  on  their 
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first  appearance.  Actual  withdrawal  is  not  always  neces- 
sary. Limitation  in  quantity,  the  use  of  tobacco  poor  in 
nicotin,  sufficient  expectoration,  and  the  avoidance  of  deep 
inhalation  of  the  smoke,  are  often  sufficient.  Quick  total 
withdrawal  does  not  lead  to  abstinence  symptoms,  as  with 
morphin  (except  possibly  in  some  especially  neurotic  sub- 
jects), although  it  may  disturb  the  function  of  the  bowels 
for  a  few  days.  The  principal  point  in  the  treatment  is  to 
keep  the  thought  of  the  patient  off  the  topic  of  tobacco,  and 
to  supply  the  accustomed  stimulus  to  the  mouth  in  some 
other  manner,  as  by  chewing  ginger  or  gentian. 

The  use  of  tobacco  must,  of  course,  be  avoided  in  patho- 
It^c  conditions  in  which  there  are  special  contraindications 
to  it  —  in  heart  disease,  dyspepsia,  inflammation  of  the 
respiratory  tract,  etc. 

Tabacnm  (Tobacco). —  "The  commercial  dried  leaves  of  Nieotiana 
Tabacum,  Linne  (N.  O.  Solanacex."  An  annual  plant,  probably  in- 
digenous in  tropical  America,  and  now  cultivated  in  most  parts  of 
the  world.  The  annual  production  of  the  world  is  estimated  at  a 
million  tons  (1,000,000.000  kilograms).  Other  species  also  contain  the 
nicotin.  The  plant  was  introduced  into  Europe  shortly  after  the  dis- 
covery of  America.  Its  use  by  smoking  was  practised  by  the  natives 
at  the  time  of  Columbus. 

The  important  constituents  arc  nicotin,  which  is  also  present  to  a 
less  extent  in  ail  other  parts  of  the  plant,  and  a  volatile  oil  developed 
in  drying  and  "sweating."  The  percentage  of  nicotin  varies  between 
one  and  eight  per  cent.:  In  Havana  and  Maryland,  1.5  to  3;  Virginia 
and  Kentucky,  6  to  8;  South  American,  2  to  6;  German,  1.5  to  3.' 
Three  other  alkaloids  have  also  been  announced  to  exist  in  small 
amount  in  tobacco. 

The  cultivation  of  tobacco  requires  a  great  deal  of  care.  The  plants 
are  first  grown  in  seed  beds,  and  later  transplanted  into  fields.  Only 
particular  climatic  and  soil  conditions  will  give  good  tobacco,  and  even 
the  fertilizers  must  be  carefully  selected,  since  they  will  have  an  effect 
upon  the  ash.  The  variety  of  the  tobacco  depends  largely  upon  the 
soil ;  a  light  sandy  soil  giving  thin,  light-colored  wrapper  leaves,  and 
a  heavy  rich  clay  giving  dark,  thick  fillers.  But  often  wrappers  and 
fillers  are  taken  from  the  same  plant.  The  plants  are  "  topped  "  so  as 
not  to  produce  seed,  and  when  the  leaves  are  ripe  —  i.  e,,  when  they 
begin  to  change  color,  become  spotted  and  break  easily  —  they  are 
cut  These  fresh  leaves  are  practically  odorless,  the  odor  becoming 
developed  in  wilting,  and  especially  by  fermentation  through  enzymes. 
The  substances  which  give  rise  to  the  ethereal  oils  are  little  known  — 
they  appear  to  be  of  uie  nature  of  glucosids.  These  oils  are  present 
in  only  very  small  quantities  — 100  kg,  of  Brazilian  tobacco  having 
yielded  only  about  20  Gm.  Extreme  dilution  does  not  destroy  their 
aroma.  The  quantity  of  these  oils  varies  often,  but  not  always,  with 
the  nicotin-content 

The  development  of  aroma  is  not  the  only  step  necessary  in  the 
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preparation;  it  is  quite  essential  lo  destroy  substances  present  in  the 
leaves  —  mainly  of  proteid  and  fatty  nature  — which  would  give  the 
smoke  a  very  unpleasant  odor.  This  is  done  by  "curing."  Curing  is 
also  a  fermentation,  having  for  its  object  the  destruction  o(  these 
proteid  substances  by  bacterial  action.  It  is  accomplished  essentially 
by  piling  the  tobacco  in  a  warm,  moist  place  to  secure  the  conditions 
favorable  to  the  action  of  the  bacteria.  It  is  often  aided  by  dipping 
the  leaves  into  saccharine  solutions  (molasses,  cider,  etc.).  These  are 
often  flavored  ("piiuring")  vi'ith  anise,  cinnamon,  etc.  But  few  to- 
baccos, naturally  poor  in  proleids,  such  as  some  Havana  and  Asiatic 
varieties,  can  be  used  without  this  curing,  which  is  an  undesirable 
feature,  since  some  of  the  aroma  and  nicotin  are  also  lost  in  the 
process  —  the  more,  the  longer  it  is  carried  on.  To  restore  this,  the 
leaves  are  sometimes  soaked  in  infusions  of  tobacco  stems,  etc. 

The  cured  tobacco  has  only  a  slight  odor;  the  real  aroma  is  brought 
out  in  the  "sweating" — a  later  fermentation,  taking  place  also  in 
stored  tobacco.  In  this  process  one-fourth  to  one-third  of  the  nicotin 
disappears. 

The  dried  leaves  were  formerly  oflicial ;  if  used,  an  infusion  may  be 

(H)  MINOR  MEMBERS  OF  THE  SERIES. 
I.  CONIUM, 

1.  CoQpOTition —  Conium  (Water-hemlock)  contains  a 
number  of  alkaloids,  viz.,  coniin,  methyl -coniin,  conicein, 
and  conhydrin. 

They  differ  mainly  in  the  strength  of  their  action. 

The  commercial  coniin  consists  of  a  mixture  of  the  above, 
and  as  this  alone  has  been  employed  on  man,  the  following 
remarks  apply  to  this  mixture.  As  these  alkaloids  decom- 
pose very  rapidly,  the  commercial  preparations  are  often 
entirely  inactive.  The  hydrobromid  is  the  most  stable.  A 
very  similar  alkaloid  is  present  in  some  species  of  Lupinus. 

n.  Snmmaiy  of  Actions. —  Coniin  bears  a  very  close  re- 
semblance to  nicotin  in  its  physical  and  chemic  characters, 
in  its  composition  and  actions.  The  latter  differ  in  a  more 
pronounced  paralysis  of  the  central  nervous  system  and  of 
the  endings  in  striped  muscle. 

(The  mother-substance,  piperidin,  has  a  similar  but 
weaker  action.) 

m.  Setaila  of  Action. —  I.  Peripheral  Organs. —  Coniin 
stands  midway  between  curare  and  nicotin,  paralyzing  both 
motor  endings  and  ganglia,  and  forming  with  the  other 
members  a  series  running :  Curare,  coniin,  gelseminin,  spar- 
tein,  nicotin ;  the  action  on  the  motor  endings  predominating 
with  the  former;  that  on  the  ganglia  with  the  latter. 

Its  action  on  the  pupil,  heart,  blood-vessels,  circulation. 
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alimentary  canal,  glands,  etc.,  is  precisely  as  with  nicotin, 
only  weaker. 

The  muscle  substance  is  not  affected.  Applied  directly 
to  the  skin  it  diminishes  sensation. 

a.  In  its  action  upon  the  central  nervous  system,  the  re- 
semblance is  also  very  great,  but  the  stimulation  is  still  less, 
and  the  depression  is  so  strong  that  it  forms  the  most  promi- 
nent feature  of  poisoning  in  man.  Consciousness  is  little 
or  not  at  all  affected,  the  main  symptoms  referring  to  the 
motor  system,  and  these  are  very  characteristic.  The  paral- 
ysis is  ascending,  beginning  with  the  lower  extremities,  and 
finally  reaching  the  tongue,  so  that  the  patient  may  be  un- 
able to  speak  whilst  his  intellect  is  not  yet  disturbed. 

This  ascending  paralysis  has  been  explained  by  a  lowered  con- 
ductivity of  the  cord  to  impulses  coining  from  the  brain,  the  path 
being  blocked  at  first  only  to  those  impulses  which  have  a  long  way 
to  travel. 

The  excitability  of  the  cord  is  not  decreased,  however,  so 
that  convulsions  may  appear.  These  can  occur  only  in 
mammals,  since  the  curare  action  is  an  early  feature  in  the 
frog;  and  this  undoubtedly  plays  its  part  also  in  the  paraly- 
sis in  man. 

Depression  of  the  medullary  centers  is  also  a  prominent 
feature,  and  death  occurs  by  paralysis  of  respiration.  This 
is  also  due  in  part  to  the  curare  action. 

IV.  Taxicolo^. —  Coniin  is  much  less  toxic  than  nicotin; 
85  mg.  do  not  produce  as  violent  symptoms  as  4  mg.  of  the 
latter ;  but  this  may  be  partly  due  to  the  fact  that  the  pure 
alkaloid  was  not  employed.  The  symptoms  are  very  char- 
ticteristic,  and  they  have  been  so  well  described  in  Plato's 
classic  rendering  of  the  death  of  Socrates,  that  no  diffi- 
culty is  experienced  in  recognizing  the  substance  used  in 
the  poisoning  of  this  philosopher.  The  description  is  so 
accurate  that  it  may  well  serve  to  represent  the  usual  symp- 
toms. 

After  drinking  the  poison,  "He  [Socrates]  went  about,  and  as  he 
noticed  that  his  thighs  became  heavy,  he  laid  down  on  his  back,  as 
the  man  directed.  The  latter  — the  one  who  had  Riven  hrm  the  poison 
—  touched  him  from  time  to  time,  and  investigated  his  feet  and 
thighs.  Then  he  pressed  his  foot  strongly,  and  asked  whether  he 
could  feel  it;  he  answered.  No.  Then  he  tried  the  knees,  and  so 
went  higher  and  higher,  and  showed  us  how  he  gradually  became  cold 
and  stiff.    Then  he  touched  him  once  more,  and  said,  when  it  came 
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to  the  heari,  then  he  would  be  dead.  Now  almost  everything  from 
the  abdomen  down  was  cold,"  and  Socrates  then  spoke  his  last  words 
to  his  friends,  but  was  unable  to  answer  further  questions.  He  had 
a  short  spasm  and  was  dead. 

From  the  quick  action,  it  is  supposed  that  he  must  have 
been  given  the  expressed  juice  of  the  root,  and  it  is  very 
probable  that  the  Greeks  commonly  used  their  poisons  in 
this  form. 

Coniin  may  be  recognised  by  its  characteristic  narcotic 
odor.  LJke  nicotin,  it  is  liquid,  colorless,  becoming  brown 
in  air.  The  test  consists  in  the  curare  action, on  injection 
in  the  frog.  The  chemic  reactions  are  of  little  value,  since 
they  resemble  nicotin  very  closely,  and  are  given  by  a 
ptomain. 

2.  LOBELIN. 

Lobeltn,  the  alkaloid  of  Lobelia  inflata,  has  an  action 
essentially  identical  with  nicotin  (Edmunds,  1904). 

Small  doses  stimulate,  large  doses  paralyze,  the  respira- 
tory center.  The  vagus  endings  in  bronchial  muscle  are 
also  depressed.  Small  doses  taken  continuously  cause  a 
persistent  quickening  of  the  pulse. 

Anagyris  fatida,  a  leguminous  plant  indigenous  to  the  shores  ot  the 
Mediterranean,  and  there  used  as  a  substitute  for  senna,  contains  an 
alkaloid,  anagyrin,  whose  pharmacologic  actions  resemble  those  of 
lobelin  in  many  respects. 

3.  GELSEMININ. 

Gelseminin,  the  active  alkaloid  of  gelsemium,  produces 
effects  in  general  almost  identical  with  those  of  contin.  Its 
depressing  action  on  the  central  nervous  system  is  more 
marked  than  that  of  the  latter,  so  that  the  central  paralysis 
precedes  the  peripheral  even  in  frogs. 

It  has  a  very  decided  mydriatic  effect  upon  the  pupil, 
especially  on  local  application.  This  is  believed  by  some 
to  be  due  to  paralysis  of  the  oculomotor  endings  after  the 
manner  of  atropin ;  but  the  question  cannot  be  considered 
as  definitely  settled.  The  mydriasis  lasts  from  twelve  to 
seventeen  hours. 

(Gelsemin,  another  alkaloid,  has  an  extremely  weak 
strychnin  action.  It  increases  the  spinal  reflexes,  but  abol- 
ishes voluntary  movements.  The  commercial  "  Gelsemin  " 
is  a  mixture  of  both  alkaloids,  owing  its  activity  to  Gel- 
seminin.) 
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4-  SPARTEIN. 

The  last  member  of  this  series  is  sparteiii,  a  liquid,  oxy- 
gen-free alkaloid  existing  with  a  neutral  principle,  scoparin, 
in  the  broom  plant. 

Spartein,  while  showing  a  close  general  resemblance  to 
coniin,  presents  some  important  differences: 

The  central  actions  are  weaker,  the  peripheral  stronger. 

The  most  important  action  of  spartein  is  that  on  the 
heart.  By  stimulation  of  the  vagus  mechanism,  and  direct 
depression  of  the  muscle,  the  cardiac  contractions  are  slowed 
and  weakened.  (Spartein  cannot,  therefore,  be  classed  with 
digitalis,  as  is  sometimes  done;  for  the  latter,  although  it 
slows  the  heart,  strengthens  the  contractions.)  The  blood 
pressure  is  usually  lowered  when  the  drug  is  taken  by  the 
mouth,  since  the  depression  of  the  heart  is  more  than  the 
constriction  of  the  vessels  which  it  also  produces. 

The  diuretic  action  of  broom-top  is  not  due  to  the  spar- 
tein, but  to  the  scoparin. 

(I)  PHYSOSTIGMIN  (ESERIN). 

The  peripheral  actions  of  physostigmin  are  directly  an- 
tagonistic to  atropin,  and  correspond  therefore  to  those  of 
pilocarpin  and  muscarin ;  but  there  is  reason  to  believe  that 
it  acts  more  peripherally  than  any  of  these  alkaloids,  i.  e., 
that  its  action  extends  also  to  the  cells  themselves. 

I.  SUMMARY  OF  ACTIONS. 

1.  Stimulation  of  endings  and  cells  in  all  muscles  (striped, 
unstriped  and  cardiac),  and  in  glands. 

The  action  on  the  pupil  (miosis)  and  on  the  intestine  is 
especially  powerful. 

2.  Fleeting  stimulation  and  pronounced  depression  of  the 
central  nervous  system. 

II.  DETAILS  OF  ACTIONS. 

I.  The  Eye,' —  Physostigmin,  whether  applied  locally  or 
taken  internally,  causes  constriction  of  the  pupils,  spasm 
of  accommodation,  and  lowering  of  the  intraocular  pressure. 
These  actions  are  due  mainly  to  stimulation  of  the  oculo- 

'  Exercile    5* 
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motor  endings  and  of  the  muscles  of  the  iris  and  ciliary 
body.  The  effects  of  physostigmin  can  be  removed  by  the 
application  of  atropin,  and  vice  versa;  but  this  requires 
much  larger  doses  than  does  a  normal  eye. 

The  miosis  19  not  as  pronounced  as  with  mtiscarjn,  probably  because 

the  opposing  radial  muscles  are  also  stimulated.  The  action,  however, 
is  mainly  on  the  endings,  for  the  effect  is  much  less  when  these  end- 
ings are  degeneraled.  A  simultaneous  stimulation  of  the  oculo-motor 
center  cannot  be  excluded,  but  is  not  probable. 

3.  The  contraction  of  the  cardiac  muicle  is  slowed  but  slrength- 
cned.  This  slowing  occurs  even  after  atropin,  showing  ihat  its  cause 
is  at  least  largely  independent  of  the  vagus.  The  amplitude  is  first 
increased,  then  diminished.  In  frogs,  physostigmin  causes  the  heart 
to  resume  its  beat  after  this  has  been  stopped  by  muscarin ;  this  is 
the  best  proof  that  physostigmin  stimulates  the  cardiac  muscle  directly. 
There  is  no  conclusive  evidence  that  it  exerts  this  stimulant  action  on 
the  mammalian  heart.  Strong  doses  cause  systolic  standstill  of  the 
frog's  heart. 

The  blood-pressure  rises  at  first ;  this  rise  depends  only  in  small 
part  upon  the  strengthened  heart,  since  this  is  largely  counteracted 
by  the  slowing.  Nor  is  it  due  to  stimulation  of  the  vasomotor  center, 
direct  or  reflexly  through  convulsions,  since  it  occurs  in  curarized  or 
chloralized  animals.  Its  cause  lies  in  the  direct  peripheral  stimulation 
of  the  arterioles,  aided  by  the  displacement  of  blood  from  the  abdom- 
inal viscera,  consequent  on  the  violent  peristalsis.  According  to 
Dixon  ([903),  the  vasoconstriction  is  due  to  stimulation  of  the  end- 
ings, not  of  the  arterial  muscle ;  for  it  does  not  occur  after  apocodein, 
which  paralyses  the  endings. 

The  rise  of  blood  pressure  is  followed,  with  large  doses,  by  a  se- 
vere drop,  due  to  paralysis  of  the  vasomotor  center  and  the  weakened 
heart. 

3.  By  stimulation  of  the  unstrlped  muscle  it  causes  violent  peri- 
stalsis, vomiting,  and  contraction  of  bladder,  spleen,  uterus,  arterioles. 
and  bronchial  muscles. 

The  stimulation  of  the  intestine'  results  in  fixed  tetanic  contrac- 
tion rings,  rather  than  in  regular  peristalsis.  This  effect  may  be  pro- 
duced after  atropin;  but  it  can  also  be  removed  by  large  doses  of 
this  drug,  so  that  it  is  not  muscular,  but  due  to  stimulation  of  the 
endings.    The  same  holds  true  of  its  action  on  other  unstriped  muscle. 

4.  The  glands,  especially  the  salivary,  mucous,  lachrymal,  and 
sweat-glands  and  pancreas,  are  stimulated  by  physostigmin :  and  since 
it  acts  promptly  after  atropin,  its  action  is  probably  partly  on  the 
gland-cells  themselves.  The  increase  of  secretion  is,  however,  not 
nearly  so  marked  as  with  the  other  members  of  the  series,  since  it 
is  eounteracted  by  the  constriction  of  the  blood-vessels. 

5.  Striped  Muscle.— In  mammals  these  exhibit  peculiar  fascicular 
contractions,  persisting  after  the  section  of  the  nerve.  They  are  dimin- 
ished, but  not  abolished,  by  moderate  doses  of  curare,  showing  that 
the  stimulation  resides  only  partly  in  the  endings:  and  the  view  that 
the  muscle-fiber  is  stimulated  in  part  directly  is  also  supported  bv  the 
tact  that  its  working  power  and  irritability  are  increased.  Physo- 
stigmin also  removes  the  paralyzins  effects  ol  curare,  so  that  stimula- 
tion of  the  nerve  again  becomes  effective  (Rothberger,  igoi),' 
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6.  On  the  central  nervona  ■yatem,  its  action  is  rapidly  paralyz- 
ing, beginnittg,  at  least  in  man  in  the  lovw  portions,  so  that  con- 
tcumsnest  is  preserved  to  the  end.  The  respiration  is  at  first  increased; 
this  is  due  largely  to  stimulation  of  the  afferent  endings  of  the 
vagi ;  for  the  quickening  is  much  less  after  the  vagi  have  been  cut. 

There  are  also  other  evidences  of  stimulation  —  excitement,  etc. — 
but  these  have  been  considered  secondary  to  respiratory  paralysis,  the 
central  actions  of  the  alkaloid  being  mainly  depressing.  Dyspnea  is  a 
marked  symptom,  due  to  paralysis  of  the  respiratory  center  and  spasm 
of  the  bronchial  muscles.    Asphyxia  forms  the  cause  of  death. 

III.  TOXICOLOGY. 

The  «ymptoiiu  of  physostigmin  poisoning  consist  of: 
nausea,  vomiting,  and  diarrhea;  salivation,  lachrymation, 
and  sweating;  palpitation  with  slowed  pulse;  miosis;  ex- 
citement and  dyspnea;  weakness  with  muscular  twitchings; 
convulsions.  Death  by  paralysis  of  respiration  under  gen- 
eral collapse,  the  reflexes  persisting  to  the  end. 

Treatment. —  General  alkaloidal.  Physiologic  antidotes; 
atropin  and  strychnin. 

Proof. —  Its  physiologic  action  upon  the  eye  is  among 
the  most  characteristic. 

As  physostigmin  is  very  readily  decomposed  by  light 
(solutions  acquiring  a  reddish  color  and  losing  much  of 
their  activity),  its  searth  must  be  conducted,  as  far  as  pos- 
sible, in  the  dark,  and  the  employment  of  heat  should  also 
be  minimized. 

PISCIDIA. 

The  bark  of  Piscidia  Erythrina  {Jamaica  Dogwood.  Papilionacese, 
West  Indies)  contains  an  amorphous,  neutral,  non-glueosidal  principk 
Piseidein,  GiHuO.,  insoluble  in  water,  soluble  in  alcohol.  Accordin. 
to  Vejux-Tyrode  and  Nelson   (1905)  this  acts  very  similarly  to  physo- 


itigmin.     It  produces  a  general  paralysis,   which  has 
I  fish-i    ■  ~  .         .. 


nsh-poison.  The  animals  still  respond  to  direct  stimulation  of  thi 
spinal  cord,  so  that  the  paralyzing  action  must  be  on  the  sensory  tracts 
The  respiratory  and  vasomotor  centers  succumb  early  without  preced- 
ing stimulation.  Consciousness  is  not  affected  until  collapse  occurs. 
Peripherally,  the  poison  stimulates  the  smooth  muscle  of  the  intestine 
and  bladder.  There  is  no  indication  of  narcotic  action  (which  was 
formerly  claimed).  The  drug  does  not  seem  to.  be  therapeutically 
useful.    The  dose  is  given  as  1  to  3  Gm.  (15  to  45  grains). 

(K)  RESUME  OF  THE  SERIES. 
I.  METHODS  OF  STUDYING." 

1.  LocBlization  of  the  Actions A  paralysis  is  localized  by 

stimulating  above  and  below  the  affected  portion ;  the  latter 
is  effective,  the  former  is  not. 
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A  stimulation  is  localized  by  paralyzing  above  and  below; 
the  latter  stops  it,  the  former  does  not. 

It  must  be  remembered  that  a  slight  degree  of  paralysis 
may  be  overcome  by  a  strong  stimulation ;  also,  that  a 
paralysis  above  a  stimulation  may  appear  to  lessen  the  latter, 
if  this  has  been  previously  supported  by  normal  central 
tonic  impulses. 

Stimulation  or  paralysis  may  be  applied :  ( r )  electricdly 
or  by  section. 

Cardiac  vagus:  trunk,  postganglionic  (sinus). 

Cardiac  accelerator:  trunk. 

Cardiac  muscle. 

Cervical   sympathetic    (preganglionic) . 

Superior  cervicil   sympathetic  ganglion. 

Long  ciliary  nerve   (postganglionic). 

Radial  muscle. 

Oculomotor  nerve  (preganglionic). 
Ciliary  ganglion. 

Short  ciliary  nerve  (postganglionic). 
Sphincter  muscle. 

Chorda  tympani  and  cervical  sympathetic  (preguj- 

Hilus   (postganglionic). 
^  Cells. 

2.  Drugs  (in  appropriate  doses). 
(  Cells :  apomorphin,  copper. 

Paralysis    1  Nerve  endings :  atropin. 

(  Nerve-ganglia :  coniin,  nicotin. 

J  Cells :  Physostigmin. 
Nerve  endings:   Muscarin. 
Nerve-ganglta :   Nicotin. 

It  must  be  remembered  that  the  action  of  the  different 
members  is  not  marked  off  absolutely  sharply.  They  all 
stimulate  and  then  paralyze,  and  they  all  affect  every  por- 
tion of  the  nerve-ganglion-ending-cell  chain. 

II,  MAIN  PERIPHERAL  ACTIONS  OF  DIFFERENT  MEMBERS 
OF  SERIES. 

Atropin:  Paralysis  of  endings  in  glands  and  unstriped 
muscle.  Strong  solutions:  Stimulation,  then  paralysis,  of 
muscle-fibers. 

Muscarin:  Stimulation  of  endings  in  glands  and  unstriped 
muscle. 

Physostigmin:   Stimulation  of  endings  and  cells. 
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Pilocorpin:  Long  stimulation  of  ganglia  and  endings, 
followed  by  very  late  paralysis. 

Nicotin,  Gelseminin,  Lobelin,  Spartein:  Long  stimulation 
of  ganglia,  followed  more  quickly  by  paralysis. 

Curarin,  Coniin:  Paralysis  of  ganglia  (and  muscle-nerve 
endings) , 

III.  ACTION   ON    PARTICULAR   STRUCTURES. 

1.  Heart:  Yagu  Keohaninn. —  <a>  Qanglia:  Nicotin,  pilo- 
corpin, lobelin,  gelseminin,  and  spartein  produce  stimula- 
tion followed  by  paralysis.  Curarin,  coniin,  and  cocatn 
produce  almost  pure  paralysis. 

(b)  Postganglionic  Fibers  (Endings  of  Vagus):  Stimu- 
lated by  muscarin  (pilocarpin,  physosHgmin) ,  tkyroiodin, 
[sodium  phosphate,  digitalis,  etc.].  Paralyzed  by  atropin, 
sodium  iodid. 

<c)  Muscle-fiber:  Stimulated,  then  paralyzed,  by  atropin; 
almost  pure  stimulation  by  physostigmin  (veratrin,  digitalis, 
camphor,  etc. ) ;  almost  pure  paralysis  by  apomorphin  or 
copper  salt. 

2.  Pnpils. —  (a)  Stimulation  of  Dilator  (Sympathetic) 
Endings  and  Qanglia:  Cocain. 

(b)  Paralysis  of  Constrictor  (Oculomotor)  Endings: 
Atropin  {gelseminin?). 

(c)  Stimulation  of  Constrictor  (Oculomotor)  Endings; 
Physostigmin,  muscarin. 

The  other  members  of  the  series  may  act  upon  either 
mechanism. 

3.  Glands. —  (a)  Qanglia:  Stimulated,  then  paralyzed,  by 
pilocarpin  and  nicotin.  In  case  of  former,  paralysis  comes 
very  late. 

(b)  Endings:  Stimulated  by  muscarin,  pilocarpin,  phy- 
sostigmin.    Paralyzed  by  atropin. 

IV.  EFFECT  OF  MODERATE  DOSES  UPON: 
1.  Blood  preunre. 
Atropin :   Small  and  variable. 

Nicotin,  Pilocarpin:  Rise  with  slowing.  Former 
mainly  stimulation  of  vasomotor  ganglia,  latter  of 
vagus.  Later  quickening  with  further  rise,  then 
fall. 
Curare,  Conium :  Mainly  fall  through  vasomotor  paral- 
ysis—  both  central  and  peripheral. 
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Physostigmin :     First  rise,    but  mainly   fall  through 
paralysis  of  central  nervous  system. 
8.  Heart-rate. 

Atropin,  Curarin,  Coniin,  Cocain:     Quickens. 
Pilocarpin,  Nicotin :    First  slowed,  then  quickened, 
Physostigmin,  Spartein ;    Slowed. 

3.  Pnpil. 

Dilated:     Atropin,    cocain,    euphthalmin,    gelseminin, 

nicotin,  coniin. 
Constricted :    Muscarin,   physostigmin,  pilocarpin. 

4.  Feristalna. 

Arrested  by  atropin,  quickened  by  all  the  others. 

(L)  THERAPEUTICS  OF  PILOCARPIN  SERIES. 

Of  the  actions  of  this  series,  ihe  peripheral  effects  of  pilocarpin  and 
physostigmin  are  almost  the  only  ones  which  attain  to  a  practical 
importance.  Nicotin.  as  well  as  the  other  members,  possesses  few, 
if  any,  advantages  over  these,  and  on  the  other  hand,  a  number  oi  other 
nndesirtd  and  more  or  less  violent  actions,  especially  the  depression 
of  the  central  nervous  system,  the  irritant  action  on  the  alimentary 
canal,  and  the  cardiac  disturbances.  These  are  much  less  marked  in 
the  case  of  pilocarpin,  so  that  they  may  be  entirely  avoided  inordinary 
doses.  But  it  has  been  attempted  to  use  some  of  the  special  actions 
of  the  others : 

1.  Coniin  has  a  depressant  action  on  the  central  nervous 
system  and  a  curare  effect  upon  muscle.  This  would  jus- 
tify its  employment  in  spasmodic  conditions,  such  as  strych- 
nin-poisoning or  any  other  tetanus,  in  chorea,  whooping- 
cough,  torticollis,  etc.  It  would  possess  the  advantage  over 
curare  that  it  acts  on  the  seat  of  the  disease  —  centrally  — 
as  well  as  peripherally.  Its  usefulness  is  much  lessened 
by  the  uncertain  strength  and  action  of  its  preparations,  due 
to  their  ready  decomposition.  The  hydrobromid  deserves 
preference. 

2.  Lobelia  has  been  used  as  an  emetic,  but  it  possesses  no 
advantage  over  apomorphin  or  emetin,  is  more  depres- 
sant, unreliable,  and  if  vomiting  does  not  occur,  it  produces 
very  violent  symptoms.  The  preparations  also  vary  much 
in  activity. 

3.  GelKminm  is  used  both  locally  and  internally  as  a 
mydriatic,  but  is  inferior  to  atropin. 
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4.  Spartein  has  often  been  tried,  to  raise  the  work  of  the 
heart  and  produce  moderate  slowing.  It  does  the  latter, 
but  not  the  former,  according  to  experimental  and  the  bulk 
of  clinical  evidence ;  it  is  therefore  of  no  value  in  heart  dis- 
ease, or,  at  most,  only  in  the  same  cases  as  aconite.  Doses 
of  0.01  Gm.  (^  grain)  are  specific  in  some  cases  of  asthma. 
The  broom  plant  contains  another  principle,  scoparin,  which 
makes  it  of  value  as  a  diuretic  in  fevei's,  etc.  This  will  be 
considered  later. 

6.  Fhyaoatigmm  has  been  tried  as  a  nervous  depressant  in 
epilepsy,  chorea,  tetanus,  etc.  The  results  have  not  been 
satisfactory,  perhaps  because  a  sufficient  dose  cannot  be 
given  without  bringing  on  respiratory  disorder. 

The  diaphoretic  action  cannot  be  obtained  sufficiently  pure 
to  be  useful.  Its  powerful  effect  on  the  intestine  has  been 
utilized  to  open  the  bowels  after  operating  (to  2  mg.  =  A" 
gr.)  and  in  intestinal  atony;  but  it  is  somewhat  dangerous. 

Its  usefulness  is  mainly  limited  to  ophthalmologk. 
practice. 

The  lowering  of  intraocular  pressure  makes  it  the  remedy 
in  glaucoma;  and  the  miosis  is  used  in  alternation  with 
atropin  to  break  up  adhesions  of  the  iris  to  the  lens  —  a  con- 
dition now  generally  treated  by  operation,  however.  It 
may  be  used  to  counteract  the  paralysis  of  accommodation 
following  atropin. 

It  is  used  for  its  effects  on  the  eye  locally  in  ^%  solution  {of  the 
salicylate).  The  miosis  begins  in  five  to  fifteen  minutes,  reaches  its 
maximum  in  half  an  hour,  and  passes  off  for  the  most  part  in  an 
hour,  but  little  effect  remaining  after  this  time.  The  effect  upon  ac- 
commodation begins  somewhat  later  and  is  more  lasting. 

6.  With  pilooarpin  the  stimulation  of  the  salivary  and 
sweat  glands  is  the  most  prominent  and  among  the  earliest 
actions,  so  that  it  may  be  obtained  almost  free  from  any  of 
the  other  effects.  The  alkaloid  is  to  be  preferred.  The 
preparations  of  the  crude  drug  remain  longer  in  the  alimen- 
tary canal  and  have  therefore  more  opportunity  to  exert  the 
objectionable  action  here.  They  are  also  of  very  uncertain 
strength. 


The  increased  secretion  leads  first  to  a  removal  of  tiquii  from  the 
body,  and  with  this,  of  wasU  and  toxic  products  of  all  kinds.  The 
former  indicates  it  in  all  conditions  where  there  is  an  accttmulctlion 
of  Huid.  especially  when  of  renal  origin ;  in  dropsy,  effusion  into  retina 
or  brain,  etc.    It  not  only  removes  the   accumulated  fluid,  but  also 
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rdieves  the  kidneyi  of  a  part  of  their  work.  The  removal  of  fluid 
pressing  upon  the  veins,  etc.,  leads  to  an  improvement  in  the  general 
dreuUuion,  and  thus  removes  also  the  congestion  of  the  kidneys;  in 
consequence  —  and  not  by  any  direct  action  —  the  quantity  of  urine 
is  increased.  Its  main  indication  in  dropsy,  then,  is  in  that  of  renal 
origin,  not  nearly  so  much  when  the  disease  is  cardiac;  for  here  its 
tendency  to  depression  of  the  heart  and  circulation  in  general  vitiates 
its  beneficial  eRects. 

The  removal  of  toxic  products  from  the  body  makes  it 
tiseful  in  uremia,  in  chronic  opium-potsoning,  etc. 

So  much  for  its  effects  upon  secretion  as  a  whole. 

The  increase  in  sweat,  saliva,  mucus  (and  milk),  are  in 
particular  utilized  practically.  For  its  use  as  a  sudorific 
see  below.  The  increased  action  of  the  sweat  glands  brings 
with  it  an  increased  circulation  In  the  skin,  and  this  sec- 
ondarily increases  the  growth  of  the  hair,  and,  it  is  claimed, 
also  turns  it  to  a  darker  color.  It  may  be  used  for  the  for- 
mer purpose.  Its  sialogosrue  action  ^  is  erhployed  against 
poisons  which  suppress  this  secretion,  as  those  of  the  atropin 
group  and  certain  meat-poisons.  The  increased  secretion 
of  mucus  makes  it  useful  in  all  cases  of  dry  cough  (see 
Chap.  XXIII,  C),  and  this  action  is  aided  by  its  nauseant 
properties.  It  may  also  result  in  loosening  false  membrane 
in  croupous  conditions,  and  be  the  means  of  saving  life. 
This  liquefying-  action  on  the  mucus,  as  well  as  their  action 
on  the  respiratory  center,  has  determined  the  use  of  pilo- 
carpin,  tobacco,  and  lobelia  in  asthma.  Pilocarpin  should 
be  avoided  in  all  inflammatory  conditions  of  the  lungs,  for 
fear  of  pulmonary  edema.  Its  dose  should  never  exceed 
0.01  Gm.  (J  grain).  Similarly  the  increase  of  biliary  mu- 
cus, produced  by  pilocarpin,  facilitates  the  passage  of  gall- 
stones. 

An  increase  in  the  secretion  of  milk  may  perhaps  be  considered 
doubtful. 

Its  nauseant  action,  and  that  on  periilalsii,  could  possibly  be  utilized 
therapeutically;  but  it  is  inferior  m  these  respects  to  other  remedies 
(see  Giapters  XIV,  C;  and  XXXII),  and  these  form  rather  unpleas- 
ant side-actions,  partly  directly  and  partly  by  the  general  depression 
which  tbey  produce. 

The  slowing  of  the  heart  produced  by  the  members  of  this  series 

'  Slitogonici  (meuuTc*  which  increuc  Sow  of  wlivi)  ouy  be  dinded,  ic- 
cordine  to  their  iction,  into: 

(a)  ThoK  which  itimulote  the  nerTOas  iti«chsniam  o!  the  ailivacy  gUnda  directly: 

Pilocarpin.  pbTSoMigioin,  etc. 

(b)  Those    which    ■timulile    thf    nenrouB    mccbiniam    of    Ibe    talivirv    glanda    re- 

flexlr'  Acidi.  lipid  tubtuncea.  alcohol,  local  irritants  (aaponina),  nauieanta. 
(e)  Thoac  which  irritate  the  gland  celli:     Mercurj',  iodidi.  ipecac,  etc 
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is  of  no  practical  importance,  since  it  cannot  be  obtained  sufficiently 
pure.  The  constridion  of  the  pupil  and  lessening  of  intraocular  ten- 
sion have  caused  pilocarpin  to  be  used  as  a  substitute  for  physosligmtn 
in  glaucoma.  It  has  no  advantage  over  the  latter  drug,  its  action 
being  shorter  and  less  complete.    A  2%  solution  is  employed  locally. 

The  action  on  the  uterus  may  result  in  abortion,  but  cannot  be  used 
in  practice,  since  the  doses  required  for  its  action  on  this  organ  are 
dangerous. 

Lastly,  pilocarpin  forms  the  physiologic  antidote  to  atro- 
pin  and  certain  snake-venoms  (rattlesnake). 

(M)   DIAPHORETICS. 

Diaphoretics  (sudorificsor  hydrotics)  are  remedies  which 
increase  the  secretion  of  sweat,  an  object  which  may  be 
attained  in  the  following  manner : 

(A)  By  affecting  the  circulation  in  the  skin: 
Locally :  i .  Local  irritation. 

Systemically :  Indirectly;  2.  Rise  of  general  blood  pres- 
sure if  cutaneous  vessels 
are  not  simultaneously 
constricted.' 
Directly :  3.  Stimulation,  direct  or  reflex, 
of  the  central  dilator 
mechanism  of  the  cuta- 
neous vessels,  or, 
4.  Paralysis  of  their  vasocon- 
strictor mechanism. 

(B)  By  directly  increasing  the  secretory  activity  of  the  cells 

of  the  sweat  glands: 

1.  Through  stimulation  of  the  sweat  center,  direct  or 
reflex. 

2,  Through  peripheral  stimulation  of  the  nerve  end- 
ings or  gland  cells. 

There  is  some  difference  in  the  character  of  the  sweat, 
according  to  whether  it  is  obtained  by  A  or  B. 

Sweat  A.  The  sweat  which  results  from  increased  circu- 
lation is  poorer  in  solid  substance  and  is  more  alkaline.  It 
has  more  the  general  character  of  a  serous  exudate.  The 
skin  is  warm  and  red. 

Sweat  B.  That  obtained  by  direct  action  on  the  gland  is 

>  This  ii  Bcnerally  ttae  effect  of  drug!  wbicb  tlinmbte  tbe  vuonrotor  center. 
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more  concentrated  and  less  alkaline.     The  skin  is  pale  and 
cold. 

This  latter  is  the  "cold  swtat"  which  is  ordinarily  produced  by 
stimulation  of  the  sweating  center  through  C0»,  and  which  is  rightly 
considered  a  serious  omen  in  the  course  of  a  disease,  since  it  indi- 
cates asphyxia. 

Children  sweat  more,  old  people  less  easily,  than  adults.  Amongst 
animals,  horses  sweat  most  profusely;  pigs  and  beef,  not  very  readily; 
dogs,  rabbits,  and  sheep  not  at  all ;  cats  only  on  the  paws. 

ENUMERATION   OF  DIAPHORETIC   MEASURES. 

The  diaphoretics  may  be  divided,  according  to  the  man- 
ner of  their  action,  into  the  following  classes: 

1.  Application  of  External  Heat. —  This  may  be  by  hot  air, 
vapor,  water,  or  sand-baths. 

The  latter,   which  unfortunately  can  only  be  carried  on  in  special 


2.  The  heat  may  be  increased  by  preventing  tlie  low  of  the 
body  heat,  either  by  protection  from  the  external  temperature 
or  by  preventing  evaporation  (through  gutta  percha,  etc.). 
Packing  may  be  counted  here. 

3.  Artiflcial  heat  may  also  be  supplied  internally  through 
hot  drinks. 

This  will  also  increase  the  quantity  of  urine,  and  will  therefore  not 
be  resorted  to  when  the  securing  of  rest  to  the  kidneys  is  the  main 
object  intended,  nor  when  it  is  desired  to  diminish  the  amount  of 
fluid  in  the  body.  But  it  is  an  excellent  method  for  indications  2,  3, 
and  4-  (See  below.)  Hot  water  alone  will  accomplish  the  result, 
but  it  is  usual  to  give  it  in  the  form  of  infusion  of  aromatic  herbs, 
which  tend  to  make  it  less  nauseating  and  possibly  aid  the  sudorific 
action.  Amongst  these  may  be  mentioned  elder  and  linden  flowers, 
chamomile,  anise,  elm,  sage  (teacup  or  two  of  infusion,  i  :  15,  ounce 
to  pint). 

4.  Dilaton  of  Cntaneons  VeweU.—  Amongst  these,  alcohol 
(in  the  form  of  hot  punch)  holds  the  first  place.  Then 
come  the  nitrites,  especially  Spiritus  ^therts  Nitrosi  (2  c.c. 
3ss). 


Morphin  forms  an  ingredient  of  the  diaphoretic  Dover's 
powder. 


.dbyGoogle 


282  MUSCARIN-NICOTIN-CURABE   SERIES.  CH.    XU. 

A  dilatation  of  the  skin  vessels  may  also  be  produced  by 
imtatiott  of  the  cutaneous  nervei,  either  from  the  circu- 
lation (aconite,  Ys  drop  of  tincture)  or  locally  by  counter- 
irritants  {sinapism,  see  Chap.  XXIX.). 

5.  ITauseaitts. —  Diaphoresis  forms  one  of  the  features  of 
the  nausea  stage  of  emetics,  and  any  one  of  the  latter  may 
be  employed  for  this  purpose,  if  its  action  can  be  easily 
restricted  to  the  desired  limit.  Dover's  powder  (5  grs.)  is 
the  one  most  used,  as  it  also  has  the  dilator  and  general 
narcotic  action  of  the  morphin. 

6.  Stimiilation  of  the  sweating  center  may  be  obtained  by 
camphor,  but  ammonia  (especially  in  the  form  of  Liq. 
Ammon.  Acet.  3ss  to  j)  is  the  most  useful. 

7.  Stimulation  of  the  Peripheral  Secretory  Nerret >To  this 

class  belongs  the  whole  pilocarpin  series,  of  which,  how- 
ever, as  we  have  pointed  out,  the  pilocarpin  itself  is  alone 
used  in  practice. 

INDICATIONS  FOR  DIAPHORETICS. 
These  were  at  one  time  innumerable;  they  were  then 
almost  entirely  neglected,  and  have  been  re-introduced  to 
any  great  extent  only  comparatively  recently.     They  may 
be  summarised  as  follows : 

1.  Removal  of  liquid  from  the  body. 

2.  Removal  of  poisons. 

3.  To  re-establish  a  disturbed  circulation. 

4.  Relief  of  kidneys. 

5.  To  increase  alkalinity  of  tissues. 

6.  In  ophthalmology. 

7.  To  reduce  temperature. 

1.  Bemoval  of  Liquid  from  the  Body: 

(a)  to  cause  the  absorption  of  exsudates. 

(b)  in  obesity,  withholding  carbohydrates  at  the  same 
time,  to  oblige  the  body  to  form  the  water  which  it  requires, 
by  the  combustion  of  its  adipose  tissue. 

For  these  purposes  any  of  the  diaphoretic  measures,  with 
the  exception  of  hot  liquids,  may  be  used,  either  singly  or 
in  combination. 

2.  Removal  of  poiMui  introduced  from  without  or  formed 
in  the  body:  this  is  especially  valuable  in  chronic  intoxica- 
tions, as  by  As,  Pb.  Hg ;  nicotin,  morphin,  bacterial  poisons 
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<in  fevers,  etc.)  ;  snake  and  spider  bite;  uremia,  gout,  myx- 
edema, etc. 

3.  To  re-iitabliili  dUtarbed  oucalation  in  the  skin,  and 
thereby  to  relieve  congestion  of  internal  organs ;  this  de- 
termines their  use  in  colds,  rheumatism,  etc. ;  in  cold  skin 
from  whatever  cause ;  in  inflammation  of  lungs,  pleura,  etc. 
When  a  strictly  local  congestion  is  to  be  relieved,  the  same 
results  may  be  obtained  by  counterirritants  (see  Chap. 
XXIX.). 

The  increased  vascularity  of  the  skin  is  also  used  to  has- 
ten the  outbreak  of  febrile  exanthemata,  to  promote  the 
absorption  of  salves,  etc.  Further,  tn  certain  diseases  of  the 
skin  where  its  nutrition  is  defective. 

4.  To  Believe  Inflamed  and  Overtaxed  Eidneyi — The 
amount  of  excrementitious  material  removed  by  a  thorough 
sweating  is  really  quite  large,  and  this  gives  the  kidneys  a 
good  measure  of  functional  rest. 

Ordinary  sweat  (Hoelscher,  1904)  contains  0.23  to  0.81%  of  ash, 
and  ao43  to  0.084%  of  nitrogen,  mainly  in  the  form  of  urea.  The 
sweat  excreted,  under  the  influence  of  pilocarpin  contains  in  normal 
individuals  0.051  to  0.085%  of  nitrogen,  and  0.26  to  0.31%  of  ash. 
Three  liters  of  sweat  —  a  not  unusual  quantity  after  pilocarpin  — 
would  therefor  remove  about  2.5  Gm.  of  nitrogen.  In  nephritis,  the 
tiitrogen  content  may  be  much  higher,  to  0.288% ;  so  that  the  three 
liters  could  remove  to  8  Gm.  of  nitrogen.  This  indicates  how  effi- 
ciently the  kidneys  may  be  relieved  by  diaphoresis.  This  is  also  shown 
by  the  examination  of  the  blood:  the  abnormally  great  depression  of 
the  freezing  point  of  the  blood  of  uremic  patients  may  be  reduced  to 
normal  by  diaphoresis  (Bendix,  1904).  The  freezing  point  of  the 
blood  of  normal  animals  is  not  affected.  Alimentary  glycosuria  could 
also  be  prevented  by  free  diuresis,  the  excess  of  sugar  being  excreted 
by  the  skin. 

9.  To  inoreaw  tlie  alkalinity  of  the  tiunea,  in  gout,  oxy- 
butyric  acid  coma  (diabetes),  etc.  Drugs  which  stimulate 
the  glandular  activity  directly,  such  as  pilocarpin,  must  be 
employed  here,  since  the  sweat  is  acid  only  when  produced 
in  this  manner.  This  removal  of  acid  is  so  marked  that 
the  urine  of  healthy  individuals  may  be  made  markedly 
alkaline  by  an  injection  of  pilocarpin.  The  acidity  of  the 
gastric  juice  may  also  be  diminished. 

6.  In  Ophthalmology,  diaphoresis  has  been  found  useful  in 
congestive  and  exudative  lesions  of  the  uveal  tract,  in  reti- 
nal detachment  and  in  toxic  blindness ;  it  is  useless  in  atro- 
phic and  cicatricial  lesions. 
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7.  The  Eednotton  of  Temperatnre  is  considered  in  Chapter 
XVII. 

(N)   MATERIA  MEDICA. 

(.* Muscarin,  not  used;  dose  would  be  10  to  100  mg.) 
Pilocarpua    (U.  S.  P.)    (Jaborandi   Folia,    B,  P.],— /ofioronrfi".— Leaf- 
lets of  Ptlocarput  mtcrophyHus  and  P.  Jaborandi,  Rutaceje.    Brazil. 
Pilocarpin  (;4  to  54%),  Pilocarpidin,  isopiloearpin ;  (at  least  0.5%  of 
total   alkaloids.  U.  S,  P.)  ;  Gums ;  Volatile  Oil. 
P.  Jaborandi  is  scarcely  to  be  found  in  commerce. 
Fluidexlroctum    Pilocarpi    (U.  S.  P.)     [EJttr.    Jaborandi    Liquidum, 
B.  P.].— One-half    alcohol;    0.4%    of    alkaloid     (U.S.P,)     [Alcohol, 
B.  P.].    Turbid  with  water.    Dose:  0.3   to  2  c.  c.   {5  to  30  minims) 
(2  c.c.  =  3o  m-,  U.S.P). 

TtHCtura  Jaborandi  (B.  P.). —  20%.  One-half  alcohol.  Dose:  2  to 
4  c.c.   (30  to  60  minims), 

Pilocarpina  Hydrochtoridum  (U.  S.  P.),— C,.H,,N,0,.HCI.  Sol.O-3 
water,  2.3  ale.  Dote:  $  to  10  mg.  (Vu  to  %  gr.)  (lo  mg.  =  ii  gr^ 
U.  S.  P.) ;  usually  hypodermi catty.    Locally  in  eye,  2%. 

Piiocarpma  NUras  (U.S.P.,  B,  P.).— Pil.HNO,.  Sol.  4.  water; 
60.  ale.    Dose:  as  the  preceding. 

•Cui^ra.— The     important     constituents     have     already     been     noted. 
The  different  samples  of  the  drug  vary  so  widely  that  no  dose 
can  be  set  down.    Of  an  average  active  sample  aooS  to  ao4  Cm. — 
of  curarin,  0.0025  to  0.03  Gm. —  intravenously,  have  been  stated  to 
be  etficient  in  man. 
*T«b«cutii. —  The  dried  commercial  leaves  of  Nicotiana  Tabacum,  So- 
lanacese;  cultivated.    Obsolete.    The  dose  is  given  as  0.5  Gm. 
Nicotin,  CioHuNi,  is  a  fluid,  volatile,  oxygen-free  alkaloid,  of  strong- 
ly basic   characters.     It  forms  salts,  most  of  which   are  soluble.     It   is 
colorless  and  almost  odorless  when  freshly  prepared ;  but  it  partly  de- 
composes   on   keeping,    acquiring   a   characteristic   odor    and    a    brown 
color.    The  dose  would  he  to  0,001  Gm. 

Conlnm     (U.S.P.)     [Conli    Fnictu».    ^-V.}.— {Spotted   Hetnlock,) 
Fruit    of    Conitim    Maculafum,    Umbelliferse.    Europe    and    Asia; 
naturalized  in  North  America. 
Conii  Folia.  B.  P. 
The  principal  constituents  have  been  given  (page  a68).     (At  least 

0.5%   coniin,   U.S.P.) 
The  preparations  are  not   reliable. 
Fluidextraclum   Conii   (U.  S.  P.).— Acidulated  dilute  alcohol;  045% 
coniin.    Dose:   0.06  to  0.3   c.c.    (1   to  S   minims)    (0.2  c.c.  =  3   m, 
U.  S,  P.). 

Succus  Conii  (B.  P.).— 3%  of  the  juice.  Dose:  4  to  8  c.c.  (I  to 
2  drachms). 

Vngtientum  Conii   (B.P.).— From   the  juice, 

Tinetura  Conii  (B.P.).— 20%  in  three-fourths  alcohol.  Dose:  2  to 
4  c.c.    (30  to  60  minims). 

•CwwiH,  GHiiN.— Dose;  0.002  to  o.oos  Gm. 
Oelwminm   (U.S.P.)    [aelsemll  Radix,  B.  P.].— (KWIow  /(uminr) 
Rhiiome    and    roots    of    GeUemiutn    sempervireni,    L^ganiacese. 
Southern  United  States. 
•  Gelsemin  and  Gelseminin :  Volatile  Oil ;  Resin. 
Fluidextraclum    CelsemU    (U.  S.  P.).— Alcohol.      Dose:    f>m   C.C.= 

I  in. 

•  Not   ofFiciaL 
Stndr    MaleHa    Medica    Leaion    33. 
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Tinelura  Gelsemii  (U.  S.  P.,  B.  P.).— 10%;  ^  alcohol.  Dote: 
05  c.c.=8  m. 

* Gelseminin,  CnHnNiOi. —  Dose:  0.0005  to  aoo2. 
Lobelia    (U.S.  P.,    B.  P.). —Indian    Tobacco.)     Leaves   and   tops   of 
Lobelia  inHata   {collected  after  a  portion  of  the  capsules   has  be- 
come inflated).  Lobeliacei.     North  America. 

Lobelin   (CiJi-NO). 

Fluidextractum  Lobelia  (U.  S.  P.).— Diluted  acelic  acid.  Dase: 
oas  to  0.5  cc.   (i   to  10  minims). 

Tinelura  Lobelia  (U.  S.  P.).— 10%.  One-half  alcohol.  Dose:  Ex- 
pectorant, I  c.  c.  ^ism,. ;  emetic,  4  c.  c.  =  i3. 

Tinctura  Lobelia  £lhereo  (B.  P.)— 20%  in  spirit  of  ether.  Dose: 
oj  to  2  cc.  (5  to  30  minims). 

Scoparias  (U.S.  P.)  [Scoparii  Cacnmina,  B.  P.].— (Broom  Top.) 
The  tops  of  Cylisus  Scofarius,  Leguminosae.  Western  Asia  and 
Southern  Europe;  naturalized.    Dose:  i  Gm. ^15  grs. 

Spartein,  Scoparin,  Tannic  Acid. 

Sparteina  Sulphas  (U  S.  P.).— C,.HmN,.H,SO.  +  sH.O.  Sol.  I.I 
water,  2.4  ale.  Dose:  0.006  to  0.03  Gm.  (Vw  to  'A  grs.)  {10  mg.^J^ 
gT..  U.S.  P.). 

Infusum  Scoparii  (B.P.). — 10%.  Dose:  30  to  60  cc.  (i  to  2 
ois). 

Succus  Scoparii  (B.  P.).— 3%  of  the  juice.  Dose:  4  to  8  c.  c  ([  to 
2  drachms). 

PhyMstisma  (U.S.  P.)  [PbyMstlzmatU  Semltu,  B.P.].— (Cala- 
bar Bean.)  The  seed  of  Physosligma  Venetiosvm,  Leguminosse. 
Tropical  Western  Africa.     Dose:  O.I  Gm.^l!^  grs. 

Physostigmin,     Eseridin,     Calabarin.     (At     least     0.15%     alkaloids, 
U.  S-  P.) 

Eseridin  has  an  action  similar  to  Physostigmin,  but  weaker.  Cala- 
barin belongs  to  the  Strychnin  group. 

TTie  liquid  preparations  spoil  very  rapidly  and  are  unreliable  unless 
freshly  made. 

Hallauer  (iSgg)  claims  that  the  reddening  does  not  interfere  with 
the  miotic  action,  but  renders  the  solutions  more  irritant. 

Extracium  Physosligmalis  (U.  S.  P.,  B.  P.).— Alcohol.  Powdered; 
2%  alkaloids.  Dose:  0.006  to  0.015  Gm.  (V,o  to  14  grain)  (8  mg.  = 
H  gr.,  U.S.P). 

Tinelura  Physosligmatis  (U.S.  P.).— 3%  Alcohol,  0,014%  alkaloids. 
Doie:  0.6  to  2  cc  (10  to  30  minims)  (i  cc  =  is  "l..  U.  S.  P.). 

PhysotHgmina  (Eserina;)  Sulphas  (U.S.P.,  B.  P.).- (C.HnN.O,).- 
H>SOt  Very  sol,  in  water  or  ale.  Dose:  0.5  to  2  mg.  (Vit.  to  '/»  gr.) 
(i   mg.=y„  gr.,  U.S.P.).     Locally  in  eye.  ■/„  to   'A%. 

Physosligmina  Salicylas  (U.  S.  P)-— Sol.  72,5  water,  12.7  alcohol. 
Dose:  as  the  preceding. 

Lamella  Physostigmina  (B.  P.).— Each,  Vi™  grain. 


CHAPTER   XIII. 

INTERNAL  SECRETIONS. 

Internal  secretions  may  be  defined  as  specific  substances 
formed  within  a  g-landular  organ  and  given  off  to  the  blood 
or  lymph,     (Howell.) 
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This  subject  is  generally  treated  in  text-books  of  pbysioji^y;  but 
it  belongs  equally  to  pharmacology,  since  the  actions  of  these  sub- 
stances are  stricily  pharmacologic ;  and  their  importance  in  therapeu- 
tics is  second  only  to  their  physiologic  significance, 

Hiatorical. —  The  phenomena  of  life  are  often  associated  with  the 
production  of  poisons.  A  great  variety  of  these  poisons  is  elaborated 
by  plants  and  by  lower  animals ;  and  they  serve  important  functions 
in  the  economy  of  these  organisms.  It  would  seem  logical  to  look  for 
similar  active  substances  in  the  higher  forms  of  life.  Such  were  found 
to  some  extent  in  the  ordinary  excretions,  but  the  discovery  of  active 
internal  secretions  is  of  comparatively  recent  date. 

Our  knowledge  of  this  subject  was  started  by  Claude  Bernard's  dis- 
covery of  the  glycogenic  function  of  the  liver.  Brown- Sequard,  basing 
himself  upon  this  mainly,  advanced  the  brilliant  theory  of  what  he 
was  the  first  to  call  "  internal  secretion,"  of  its  important  functions  to 
the  organism,  and  suggested  it  as  a  possible  new  field  in  therapeutics. 
Sequard  demonstrated  none  of  these  secretions,  much  less  their  pas- 
sage into  blood  and  lymph.  Since  that  time  great  advance  has  been 
made  along  this  line.  Internal  secretions  have  been  demonstrated  in 
glands  with  and  without  ducts.  Fatal  effects  of  excision  of  some  of 
these  organs  —  e.  g.,  the  thyroid  —  first  served  to  direct  attention  to 
their  secretory  function.  Further  investigations  showed  that  the  ex- 
tracts of  these  glands  possessed  specific  physiologic  properties.  The 
latter  correspond  for  the  most  part  to  those  of  members  of  the  series 
comprised  in  this  treatise  between  the  extremes  of  atropin  and  physo- 

A  powerful  impulse  was  pven  to  this  field  of  investigation,  and  it 
was  soon  found  that  most  tissues  —  nervous  and  muscular,  as  well  as 
glandular  —  produce  some  effects  (especially  on  blood -pressure),  when 
the  extracts  are  injected  into  the  circulation. 

These  discoveries  found  immediate  practical  application  in  pathology 
and  therapeutics  —  often  without  awaiting  the  thorough  scientific  in- 
vestigation of  the  substances.  These  empiric  uses  and  speculations 
are  open  to  severe  criticism.  But  the  important  results  which  have 
followed  the  scientific  study  of  the  suprarenal  and  thyroid  secretions, 
etc.,  are  suflicient  to  show  that  the  field  has  great  possibilities,  ap- 
proaching in  importance  the  antitoxins  and  ferments,  which  are  in  a 
sense  internal  secretions. 

The  investigation  of  these  substances  tntist  bear  on  the 
isolation  and  chemic  study  of  the  active  substance,  its  actions, 
its  functions  in  physiology,  and  its  effects  in  disease. 

It  is  very  probable  that  the  chemic  characters  differ  for 
the  various  principles.  The  active  principle  of  suprarenal 
is  an  alkaloid ;  that  of  thyroid  is  a  constituent  of  a  proteid 
(but  is  not  itself  a  proteid)  ;  the  others  have  not  been 
isolated  sufficiently  pure  for  identification. 

Haimer  of  ActioB. —  There  has  been  considerable  discus- 
sion as  to  whether  the  function  of  these  substances  is  anti- 
toxic or  physiologic  —  i.  e.,  whether  they  are  chemically  or 
functionally  active. 


.dbyGoogle 


SUPRARENAL.  287 

They  certainly  arc  the  latter,  for  their  physiologic  activity  is  easily 
demonstrated  by  injection  or  feeding.  As  to  the  former  — the  chemie 
destruction  of  poisons  by  them  —  very  little  is  known.  However, 
some  of  them  favor  oxidation,  which  is  undoubtedly  a  normal  aid  in 
the  removal  of  poisons.  Such  chemie  and  oxidative  action  is  also 
rendered  very  probable  by  the  fact  that  blood  of  animals  from  whom 
the  glands  have  been  excised  is  toxic  to  other  animals,  especially  when 
the  glands  from  these  have  also  been  removed.  But  even  this  is  not 
decisive,  for  it  still  remains  to  be  shown  whether  it  is  the  gland  itself 
or  its  products  which  possesses  the  antitoxic  action. 

These  glands  appear  to  vary  considerably  in  their  activity  at  differ 
ent  ages.  Thus,  the  th^oids  are  more  active  in  children,  almost 
inactive  in  old  people.  The  activity  of  the  glands  appear  compara- 
tively early  in  the  embryonic  life,  the  order  varying  somewhat  in  dif- 
ferent genera:  In  the  human  embryo,  fir^t  in  the  thymus,  then  the 
thyroid,  and  lastly  the  suprarenal.    At  birth,  the  thyroid  is  devoid  of 

The  bad  effects  following  the  excision  of  these  glands  can 
n  all  cases  be  removed  if  the  gland  substance  is  adnrinistered. 
This  is  usually  active  when  given  by  the  mouth,  which  con- 
stitutes a  very  marked  difference  from  antitoxins.  The 
latter  are  typical  proteid  bodies  (globulins),  and  are  de- 
stroyed in  the  stomach. 

I.  SUPRARENAL  ALKALOID. 

Active  Principles. —  The  active  principle  of  the  suprarenal 
glands  is  a  typical  alkaloid  which  has  been  named  ept- 
nepkrin,  suprarenin,  adrenalin,  etc.  Its  formula  is  given  by 
Abel  as  CoHisNDs-HHjO  (the  HjO  being  water  of  con- 
stitution, not  of  crystallization).*  Epinephrin  can  also  be 
obtained  in  an  amorphous  non-hydrated  form.  Derivatives' 
have  been  obtained  from  both  forms,  some  of  these  being 
active,  others  inactive.  The  hydrate  is  precipitated  in 
somewhat  impure  form  as  crystals,  when  ammonia  is  added 
to  a  concentrated  solution.  This  reaction  is  the  basis  of  the 
preparation  of  the  commercial  crystalline  alkaloids  (first 
prepared  by  Takamine).  It  is  fair  to  state  that  other  in- 
vestigators claim  a  slightly  different  composition.  The 
moist  gland  contains  at  least  0.3%  of  the  alkaloid,  which  is 
found  exclusively  in  the  medulla ;  it  is  often  absent  in  glands 
which  have  undergone  pathologic  changes.  (The  gland 
in  man  would  contain  about  7  mg,). 

Eate  in  Body. —  The  alkaloid  seems  to  be  very  slowly 
absorbed  from  hypodermic  injection,  and  scarcely  at  all 

'The  formula  of  adrenalin   la   (ivio   sa   C,H„NO,    tAWrich). 
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from  the  stomach.  On  the  pther  hand,  it  is  very  rapidly 
destroyed  in  the  body  by  oxidation.  For  these  and  other 
reasons,  the  action  is  very  short,  and  very  little  effect  is 
obtained  by  hypodermic  or  gastric  administration.  Little, 
if  any,  is  excreted  as  such  in  the  urine.  The  solutions 
are  not  affected  on  boiling  for  a  short  time,  but  alka- 
line or  neutral  solutions  are  oxidized  on  exposure  to  the 
air;  dilute  solutions  do  not  keep  well. 

SUMMARY  OF  ACTIONS. 

Epinephrin  stimulates  the  physiologic  endings  of  sympa- 
thetic nerves,  in  smooth  muscle  and  in  glands.  (In  struc- 
tures in  which  sympathetic  stimulation  lowers  the  tone, 
epinephrin  also  causes  relaxation.)  It  also  has  a  stimulant 
action  on  cardiac  and  striped  muscle. 

It  has  but  little  effect  on  the  central  nervous  system. 
The  actions  are  only  obtained  typically  on  local  or  intra- 
venous administration.  They  disappear  quickly.  The 
stimulations  are  not  followed  by  paralyses. 

The  actions  of  epinephrin  result  in  the  following  phe- 
nomena : 

1.  Rise  of  blood-pressure,  due  to  vasoconstriction,  mainly 
of  the  systemic  arterioles  (stimulation  of  constrictor  end- 
ings). 

2.  Sloumg  of  the  heart,  due  to  vagus  stimulation,  mainly 
secondary  to  the  high  blood-pressure. 

3.  Increased  contractility  of  the  cardiac  muscle  (digitalis 
action). 

4.  Contraction  or  relaxation  of  unslriped  muscle  m  many  situations 
(stimulation  of  sympathetic  endings).  The  effects  are  somewhat 
variable  for  different  animals. 

_  In  some  situations  the  unstriped  muscle  is  not  affected.  The  situa- 
tions in  which  the  muscle  is  excited  to  cotJtraction  are :  Arterioles, 
dilator  of  iris  {mydriasis),  uterus,  seminal  vesicles  and  vas  deferens 

(anal  sphincter  in  some  animals),  ereclores  pilorum.  The  muscles 
which  are  depressed  and  relaxed  by  epinephrin  are:  Stomach,  In- 
testine {lessened  peristalsis),  biliary  and  urinary  bladder  (anal  sphinc- 
ter in  some  animals). 

5.  Prolongation  of  the  contraction  of  striped  muscle  (.Veratrin 
aetioti) . 

6.  Stimulation  of  secretory  cells  in  the  salivary  glands,  bronchial 
mucosa,  lachrymal  glands,  and  increased  secretion  of  tile  (the  effect 
on  sweat  is  uncertain).  TTie  effect,  like  that  on  unstriped  muscle, 
occurs  after  the  degeneration  of  the  postganglionic  fibers. 

7.  Depression  of  the  respiratory  center  on  intravei 
e  of  respiration  on  subcutaneous  administratio' 
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BL  Glycosuria,  due  to  the  conversion  of  glycogen  into  sufrar. 

9.  Epinephrin  has  no  effect  on  nerve  trunks,  nor  on  sensory  nerves. 

Details   of    Important    ActJona  —  Circulation.'— The    intravenous 

injtction  of  epinephrin  in  a  normal  animal  produces  the  striking  phe- 
nomena depicted  in  Fig.  6z,  first  described  by  Oliver  and  Schaefer, 
1854.  The  blood  pressure  rises  sharply;  as  it  approaches  its  maxi- 
mum, the  heart-beats  are  greatly  slowed  and  strengthened.  The  pres- 
snra  is  not  sustained,  but  returns  quickly  to  normal.  The  heart-beats 
ilso  return  to  their  former  rale  ;  but,  as  may  be  seen  from  the  tracing, 
more  slowly  than  the  pressure. 

These  phenomena  are  due  to  the  interaction  of  three  factors:  vaso- 
coDslHction,  vagus- stimulation,  and  stimulation  of  the  cardiac  muscle. 

StimnlatJon  of  the  Cardiac  Muscle.— The  perfusion  of  adrenalin 
through  the  excised  mammalian  heart  (Hedbom,  Cleghorn,  Gottlieb, 
Borattau),  or  its  direct   application   to  a   frog's  heart,  quickens  the 


rate,  and  increases  the  amplitude  of  the  contraction  (Fig.  63).  The 
IMK  is  very  markedly  increased,  often  doubled.  These  actions  occur 
'ft"  atropm.  Existing  irregularities  arc  removed,  and  the  effects  of 
mnjcular  depressants  are  counteracted.  A  heart  which  has  ceased  to 
«al  may  often  be  revived  by  this  drug  (Fig.  64).  The  action  is 
wfrtfor  entirely  analogous  to  that  of  digitalis.  (Indeed,  the  whole 
"leM  of  suprarenal  on  the  circulation  bears  a  close  resemblance  to 
"wt  o(  digiults,  at  least  superficially.)  The  cardiac  stimulation  plays 
» subordinate  part  in  the  rise  of  blood -pressure. 

It  cannot  yet  be  definitely  stated  whether  the  stimulation  involves 
™  nniscle-fibers  or  the  accelerator  endings. 
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Vafus  Stimulation.— In  intact  animals,  suprarenal  slows  the  beat 
very  materially  (in  contrast  to  its  effect  on  the  excised  heart),  the 
excursions  being  increased  proportionally  fo  the  slowing.  The  phe- 
nomenon corresponds  to  vagus  stimulation,  and  is  indeed  absent  if  the 
vagi  have  been  cut.  The  vagus  excitation  is  therefor  central.  As 
may  be  seen  on  the  tracing,  the  slowing  occurs  only  after  the  rise  of 
blood- pressure.  This  suggests  that  it  may  be  an  indirect  effect,  i.  e., 
that  the  vagus  center  may  be  stimulated  by  the  rise  of  biood -pressure, 
rather  than  by  the  suprarenal.  This  conclusion  is  confirmed  by  the 
observation  that  the  slowing  disappears  at  once  if  the  blood-pressure 
is  reduced  to  the  normal,  by  bleeding;  it  is  also  absent  when  adrenalin 
is  injected  after  the  vasomotor  endings  have  been  paralyzed,  but  when 
the  vagus  endings  are  quite  active.  Some  observers,  however,  claim 
that  the  vagus  is  also  stimulated  peripherally. 


I'lg.  64- — Revlnl  of  Ljugendorff  bevt  hj  adrenalin.    Tbc  drng  it  added  at  A. 

The  slowing  lends  to  lessen  the  rise  of  blood-pressure,  and  this 
mounts  much  higher  if  the  vagi  are  cut. 

A  secondary  increase  of  the  pulse-rate  is  sometnnes  seen,  and  is  at- 
tributed to  central  and  peripheral  stimulation  of  the  accelerator  nerves 
(Neujean,  1905). 

The  Va*o>Con  strict  ion.—  It  can  be  easily  shown  that  this  is  the 
main  cause  of  the  rise  of  blood -pressure,  for  the  volume  of  organs, 
the  venous  pressure,  and  the  outflow  of  blood  from  veins  are  all  di- 
minished during  the  rise  of  the  arterial  pressure.  The  va so-con strictor 
stimulation  is  mainly  peripheral,  for  it  occurs  equally  readily  if  the 
wnlral  nervous  system  has  been  destroyed ;  furthermore,  the  addition  . 
of  suprarenal  to  the  fluid  stops  the  flow  through  excised  organs  almost 
complelejy  (Bier,  189?)-  The  constriction  can  also  be  produced  locally, 
by  the  direct  application  of  suprarenal  solutions  to  mucous  membranes 
or  open  surfaces.  A  stimulation  of  the  vasomotor  center,  if  it  occurs 
at  all,  must  play  a  very  subsidiary  role  to  this  peripheral  stimulation. 

The  rise  of  pressure  is,  within  certain  limits,  roughly  proportional 
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to  the  dose  of  the  suprarenal.    Even  very  large  doses  (7,000  times  the 
effective  quantity)  do  not  paralyze  the  vasomotor  mechanisms. 

Differences  in  the  Sutceptibillty  of  SpeciiT  Veisels.—  Whilst  the 
bulk  of  the  vessels  in  the  body  respond  to  suprarenal  by  constriction, 
the  effect  is  not  unifonn  on  all.  The  strongest  constriction  is  observed 
in  the  splanchnic  and  muscular  vessels.  The  effect  is  less  on  the  ves- 
sels of  the  skin;  it  is  weak  or  absent  in  the  cerebral  and  pulmonary 
vessels.  (Brodie  and  Dixon,  1904,  failed  to  find  any  constriction  in 
the  latter,  but  Plumier,  igo4,  claims  that  it  occurs,  although  weakly 
and  only  with  large  doses.)  The  kidney  vessels,  in  the  intact  body, 
are  first  strongly  constricted,  diminishing  the  urine  flow ;  but  they 
dilate  when  large  doses  are  used,  increasing  the  urine  (Bardier  and 
Frenkel,  1899). 

Those  vessels  which  are  but  little  affected  by  the  direct  action  of 
the  suprarenal,  /,  1.,  the  cerebral  vessels  (Neujean,  igos),  are  passively 
dilated  in  the  intact  animal,  on  account  of  the  displacement  of  the 
blood  from  the  more  powerfully  constricted  areas. 

Dilator  Action  of  Suprarenai.—  Brodie  and  Dixon  often  observed 
that  the  vessels  were  dilated  by  suprarenal.  In  the  freshly  excised 
Iddney,  suprarenal  causes  a  powerful  constriction ;  but  some  lime  after 
the  excision,  it  dilates  the  vessels  (SoUmann,  1905),  The  same  phe- 
nomenon was  observed  in  the  post-mortem  perfusion  ot  the  dog's  leg. 
In  the  ear  of  the  living  rabbit,  the  constriction  is  also  followed  by 
dilation  (Meltzer  and  Auer,  1904). 

It  is  evident  that  suprarenal  stimulates  a  dilator,  as  well  as  a  con- 
strictor mechanism.  The  constrictor  agtion  is  so  much  more  powerful, 
that  (he  dilation  can  only  be  seen  in  organs  which  do  not  respond 
by  constriction,  naturally  or  through  injury  to  the  constrictor  mechan- 
ism; the  dilator  mechanism  being  evidently  less  affected  by  injury. 

Structures  Affected  by  Suprarenal. —  The  peripheral  action  of  su- 
prarenal could  be  exerted  either  on  the  nerve  endings  or  on  the  muscle 
or  gland  cells.  (Ganglia  can  be  readily  excluded.)  If  Ihe  action  were 
directly  on  the  cells,  one  would  expect  the  effects  on  different  struc- 
tures to  be  rather  uniform.  This  is  not  Ihe  case :  and  it  is  rather 
suggestive  that  the  effect  on  all  organs  whether  it  increases  or  in- 
hibits their  function,  correspond  quantitatively  and  qualitatively  with 
the  effects  of  stimulation  of  sympathetic  nerves ; '  whilst  cells  not  sup- 
plied with  sympathetic  innervation  (such  as  the  muscles  of  the 
bronchioles),  do  not  respond  to  suprarenal.  Brodie  and  Dixon  have 
further  shown  that  the  (vascular)  effects  are  prevented  by  apocodein, 
which  paralyzes  the  sympathetic  endings;  whilst  barium  (which  acts 
directly  on  the  muscle)  is  not  hindered  by  apocodein.  Chrysotoxin 
(ergot)  acts  in  the  same  manner  as  apocodein  (Dale  — Soil mann  and 
Brown,  1905).  Onlv  one  conclusion  seems  admissible,  viz.,  that  supra- 
Tfnal  acti  by  stimulating  the  sympathetic  endings.  It  has  been  found, 
however,  that  it  preserves  its  action  for  several  weeks  after  seciicm 
of  the  sympathetic  nerve,  peripheral  to  Ihe  ganglia  (Elliott,  Ham- 
burger), when  the  nerve  fibers  have  presumably  degenerated.  This 
can  be  explained  on  the  assumption  that  the  physiologic  nerve  endings, 
which  are  stimulated  by  suprarenal,  do  not  degenerate  on  section  of 
the  nerve. 

Tbe  Cause  of  the  Brief  Action  of  Suprarenal. —  The  action  of 
suprarenal  disappears  within  a  few  minutes,  as  may  be  seen  from  Fig. 
62.  The  instability  of  suprarenal  in  alkaline  solution  seemed  to  ex- 
plain this  brief  action ;  direct  experiments,  however,  have  shown  that 
this  explanation  does  not  suffice.     Emden  and  von  Fuerth  (1903)  found 

I  First  pointed  out  by  LaDgley.  t«oi,  and  extended  by  Elliott.   11104  and   1005. 
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Ihat  the  activity  is  but  little  impaired,  in  this  short  time,  by  digesting 
adrenalin  with  blood  and  organs.  They  suggested  that  the  disappear- 
ance of  the  action  might  be  due  to  diffusion  into  the  tissues.  Weiss 
and  Harris  (1904).  however,  showed  that  the  adrenalin  is  still  present 
in  the  blood,  at  a  time  when  its  action  has  completely  disappeared ; 
for  they  found  that  when  the  blood  was  withdrawn  at  this  time  and 
injected  into  a  second  animal,  the  latter  showed  the  typical  adrenalin 
rise.  Ehrmann  (1905)  has  confirmed  this,  using  the  mydriatic  effect 
on  the  frog's  eye  as  indicator.  (DcVos  and  Kochmann  (1905)  claim, 
however,  that  it  disappears  within  3  to  10  minutes.)  Nor  can  we 
account  for  the  fugitive  effect  by  assuming  that  the  vessels  cease  to 
respond :  for  a  renewed  injection  of  adrenalin,  made  at  this  time,  will 
again  raise  the  pressure;  and  continuous  injection  of  adrenalin,  or 
continuous  perfusion  of  excised  organs,  will  exhibit  the  action  for  a 
long  time.  A  sufficient  explanation  of  the  quick  recovery  of  blood 
pressure  is  therefore  wanting.  Destruction  of  the  epinephrin  is  un- 
doubtedly a  contributing  factor,  and  is  perhaps  principally  involved  in 
the  inactivity  of  suprarenal   when  administered  hypodermically. 

The  niprarenal  glycoauria'  has  been  studied  especially  by  Herter 
and  Wakeman  (1902)  and  by  D.  Noel  Paton  (1993).  The  kidneys  are 
not  involved  in  the  production  of  this  glycosuria.  The  excretion  of 
sugar  is  markedly  higher  on  carbohydrate  di^t.  or  in  animals  rich  in 
glycogen  ;  but  some  sugar  is  excreted  even  by  glycogen-free  animals 
on  a  non-carbohydrate  diet ;  the  sugar  may  therefor  come  in  part  from 
proteids,  just  as  In  pancreatic  diabetes;  indeed,  pancreatic  and  supra- 
renal glycosuria  present  many  analogies.  In  either  case,  the  process 
consists  mainly  in  a  lessened  utilization  of  sugar.  The  excretion  of 
urea,  and  especially  of  ammonia,  is  markedly  increased  in  suprarenal 
diabetes,  especially  if  carbohydrates  are  deficient.  The  urine  does  not 
contain  acetone  nor  diacetic  acid.  The  glyccBuria  can  be  produced  by 
hypodermic  as  well  as  by  intravenous  injection.  It  is  especially 
marked  when  suprarenal  solution  is  painted  on  the  pancreas,  but  it 
is  quite  possible  that  this  glycosuria  involves  another  mechanism 
(stimulation  of  afferent  nerves).  Other  reducing  substances  also  pro- 
duce this  glycosuria  when  applied  to  the  pancreas.  Underbill  (1905) 
showed  that  piperidin,  nicotin,  etc.,  also  cause  glycosuria  when  painted 
on  the  spleen,  or  when  injected  into  the  circulation  or  peritoneum. 
The  effect  is  therefore  not  due  to  a  direct  action  on  the  pancreatic 
cells,  but  may  be  circulatory. 

Influence  of  DoMge  on  the  Qeneral  EflecU.— The  effects  of  in- 
travenous injection  vary  with  the  dose.  The  results  of  increasing 
doses  may  be  tabulated  as  follows  (Langley,  1901)  : 

(a)  Rise  of  blood  pressure. 

(b)  Inhibition  of  bladder,  mydriasis.' 

(c)  Contraction  of  uterus,  vas  deferens,  and  seminal  vesicles ;  saliva- 
tion and  lachrymaiion ;  inhibition  of  stomach  and  gall-bladder;  in- 
creased   bilo    secretion;     inhibition    or    stimulation    of    internal    an»l 

(d)  Contraction  of  erectores  pilorum. 

(e)  Uncertain  effect  on  tunica  darto;  and  on  sweat. 

Toxic  doses  cause  vomiting,  excitement,  debility,  bloody  diarrhea, 
hematuria,  ascending  central  paralysis,  ^eat  fall  of  temperature,  occa- 
sionally convulsions,  complete  prostration,  and  death  by  respiratory 
(cat)  or  cardiac  (dog)  paralysis.  The  fatal  dost  (o.I  to  0.2  mg.  per 
Kg.   intravenously,   or   5  to  6  mg.   per   Kg.   hypodermically)    is   about 

'The  influence  of  Ih*   cervical  irmpathetic  ganglioo   on   the  pupillary  cSectt 

of  adrenalin  are  deKtilwd  by  MelWer   *    ' —   ' ' 
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500  times  the  therapeutic  dose.  A  noticeable  rise  of  blood-pressure  can 
be  seen  after  Viw  of  the  fatal  dose. 

SmaU  hypodermic  doses  increase  respiration,  pulse-rate,  metabolism, 
and  temperature,  without  altering  the  blood  pressure. 

Suprarenol  Atheroma. —  This  was  first  produced  by  Josue  (1903)  by 
repeated  intravenous  injection  into  rabbits.  The  essential  lesion  con- 
sists of  degeneration  and  calcification  of  the  elastic  fibers  of  the  tunica 
media  of  the  larger  arteries,  beginning  in  the  aorta.  This  results  in 
parietal  aneurisms,  extending  to  the  hilus  of  organs,  (The  lesions  do 
not  correspond  with  those  of  arteriO'Sclerosis.)  Erb  (1905)  con- 
cludes that  the  atheroma  is  caused  by  a  direct  toxic  action,  and  not  by 
high  blood  pressure;  for  it  occurs  with  intraperitoneal  injections, 
which  do  not  affect  the  pressure. 

No  tolerance  is  induced. 

Excision  of  both  suprarenal  glands  produces  death  in  a  few  days. 
There  is  fall  of  blood -pressure,  muscular  weakness,  decrease  of  metab- 
olistn.  fall  of  temperature,  central  paralysis,  death  by  failure  of  respira- 

The  injection  of  the  blood  of  the  moribund  animals  into  a  normal 
specimen  causes  analogous  symptoms.  Unilateral  excision  has  usually 
little  effect. 

That  the  active  substance  is  actually  excreted  by  the  glands  into 
the  blood  is  shown  by  the  fact  that  the  blood  of  the  suprarenal  vein 
produces  the  typical  effect.  The  substance  is  carried  in  the  plasma, 
not  the  corpuscles. 

Elliott  (1905)  believes  that  adrenalin  is  also  present  in  special  cells 
in  other  situations,  but  always  closely  associated  with  sympathetic 
ganglia  (/.  1.,  in  the  intercarotid  body).  This  indicates  that  sym- 
pathetic   stimulation    is    affected    by    both    a    chemic    and    a    nervous 

ReUtion  to  Other  Oroup*. —  Epinephrin  is  related  chemically  to 
piperidi*  and  pyrocatechin.  These  produce  a  similar  rise  of  blood 
pressure,  but  they  also  stimulate  the  respiratory  center.  The  action 
on  muscles  and  endings  places  epinephrin  in  the  piloearpin  group:  its 
action  on  the  heart  is  related  to  that  of  digitalis,  that  on  skeletal 
muscles  to  veratrin. 

It  is  stated  that  epinephrin  is  antidotal  to  toxic  doses  of  nicotin, 
atropin,  neurin,  and  strojjhanthin,  so  that  some  of  the  resemblances 
seem  to  be  rather  super5ctal. 

Syntlietic  Epinephrin*. —  A  number  of  related  structural  formulae 
have  been  proposed  for  suprarenal  alkaloid.  The  two  following  are 
the  most  commonly  accepted : 


6\  0" 


CH  (OH) 
CH,.  NH.  CH. 


CH.  NH.  CH, 
CH,  OH 


According  to  these,  the  alkaloid  consists  of  a  catechol  nucleus  with 
an  oxyethyl  methyl  amin  side-chain.  Very  similar  products  can  be 
prepared  synthetically,  and  a  number  of  these  act  very  similarly  to 
suprarenal.    Loewi   and   H.   Meyer    (1905)    found  that  amino-acetyl- 
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catechol,  and  its  methyl  and  ethyl  derivatives  produced  the  typical 
effects  of  adrenalin  on  the  anerioks,  heart,  and  pupil,  as  also  the  glyco- 
suria and  atheroma ;  larger  doses,  however,  were  required.  Dakin 
(1905)  has  prepared  a  synthetic  base  which  approaches  adrenalin 
still  closer  in  its  com^sition,  and  which  corresponds  Co  it  quantita- 
tively in  its  actions.  The  activity  appears  to  reside  in  the  catechol 
nucleus,  but  to  be  greatly  enhanced  by  the  introduction  of  the  above 
or  similar  side-chains. 

THERAPEUTIC  USES. 
The  vasoooiitrictor  aetioa  of  the  suprarenal  preparations 
is  the  most  important  of  these  actions  from  the  therapeutic 
standpoint.  They  surpass  all  other  drugs  in  this  respect. 
The  local  application  is  most  effective.  The  i  :  10,000  to 
I  :  1,000  solution  of  the  alkaloid  is  used  to  check  capUlary 
hemorrhage  in  situations  accessible  to  its  local  application 
(especially  in  nasal  and  laryngeal  operations) ;  as  also 
against  gastric  hemorrhage.  Chewing  of  suprarenal  tab- 
lets arrests  nasal,  pulmonary  and  gastric  hemorrhage,  prob- 
ably by  a  reflex  vasoconstriction.  The  preparations  in  the 
above  strength  are  often  employed  in  conjunction  with 
cocain  to  prevent  the  absorption  of  this  alkaloid,  thereby 
increasing  its  local  action  and  lessening  its  systemic  effects. 
Suppositories  are  used  against  bleeding  hemorrhoids. 

Beneficial  effects  from  suprarenal  are  also  claimed  in  hay-frvet. 
The  treatment  consists  in  local  application  to  the  mucous  membrane 
of  the  nose,  and  chewing  the  tablets,  once  or  twice  a  day,  beginning 
two  or  three  weeks  before  the  expected  attack  and  continuing  through- 
out the  season. 

'  The  powerful  general  vasoconslrictioti  which  can  be  secured  by  the 
suprarenal  preparations  would  render  them  very  useful  in  vasomotor 
depression,  especially  in  shock  and  in  the  accidents  of  anesthesiay 
Their  usefulness  is,  however,  limited  by  the  difficulty  of  their  admin- 
istration. No  effect  can  be  expected  from  their  use  by  mouth,  and 
even  hypodermic  injection  (combined  with  massage  of  the  site  of 
injection)  is  uncertain  and  not  sufficiently  powerful.  Oinically,  how- 
ever, it  has  been  observed  that  the  hypodermic  injection  of  small 
doses  of  adrenalin  seems  to  cut  short  paroxysms  of  asthma,  without 
being  either  curative  or  prophylactic.  Intramuscular  injection  is  more 
effective  CMeltzer  and  Auer,  1905).  To  secure  a  marked  and  lasting 
rise,  the  drug  must  be  used  intravenously,  and  almost  continuously. 
Extracts  are  inadmissible,  on  account  of  the  danger  of  sepsis.  A 
I  :  10,000  solution  of  the  alkaloid  should  be  injected  drop  t^  drop  into 
a  su|>erficial  vein,  until  the  desired  result  is  obtained.  This  method 
promises  good  results,  but  has  not  yet  been  tried  sufficiently  to  judge 
Its  value. 

The   cardiac  action  of  suprarenal   has   little   value,   for   equivalent 
effects  can  be  secured  more  easily,  and  with  less  vaso-constriction,  I^ 
means  of  digitalis. 
'  Eierciie  18. 
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Suprarenal  preparations  have  also  been  recommended  in  AddisoWa 
distase,  rickets,  diabetes  insipidus,  etc.  The  results  have  not  been 
very  good,  which  is  scarcely  surprising  when  the  rapid  destruction  of 
the  substance  is  considered. 

Adrenalin  has  been  suggested  as  an  antidote  to  acute  morpkin  poi- 
soning, on  the  theory  that  the  latter  diminishes  the  suprarenal  secre- 
tion. The  results  on  animals  have  been  favorable  (which  does  not 
commit  us  to  the  theory  that  morphin  influences  the  suprarenals). 
It  has  not  been  tried  on  the  human  subject  (Reichert,  1901). 

MATERIA  MEDICA. 

Ctandula  SupTorenales  Sicca  (U.S.  P.).— The  dried  and  pow- 
dered glands  of  the  sheep  or  ox.  One  part  =  6  of  fresh  glands.  Dose: 
<xa5  Gm.  (4  grs.).  A  fairly  permanent  solution  can  be  made  by  dis- 
solving 15%  of  the  powder  in  2%  carbolic  acid  and  fiUering.  Also  in 
the  form  of  Tablets:    Dose:  1  to  3. 

*  Epitiephrin  (found  on  the  market  under  the  name  of  adrenalin, 
snprarenalin,  etc.,  in  crystals  or  in  i  :  1,000  solution  in  normal  saline, 
preserved  with  some  antiseptic).  The  hydrochiorid  is  the  salt  com- 
monly used.  Adminislratiou:  see  under  therapeutics;  locally  as 
I  :  10,000  to  I  :  1,000  solution,  inlernally  s  to  30  drops  of  I  ;  1,000. 
Incompalibililies  as  for  alkaloids. 

The  alkaloid  gives  a  very  characteristic  reaction  with  ferric  chlorid, 
an  emerald  green  color,  which  turns  purple  and  carmin  on  adding  an 
alkali. 

II.  THYROID. 

The  effects  of  the  thyroid  glands  need  to  be  studied  from  two  as- 
pects :  The  effects  resulting  from  a  deficient  secretion ;  and  those 
8 reduced  hy  the  presence  of  an  excessive  amount  of  secretion.  The 
yraiKT  will  be  considered  first,  as  being  the  most  conspicuous. 

I.  EFFECrrS  OF  THYROIDECTOMY. 

The  total  removal'of  the  thyroid  gland  is  fatal  to  most  animals  (as 
was  shown  by  Schiff  in  1856) ;  but  the  symptoms  differ  considerably 
in  different  species,  in  violence  and  in  the  rapidity  of  their  develop- 
ment; they  are  also  more  violent  in  young  individuals  than  in  old  age. 
Two  forms  of  effects  may  be  distinguished:  the  acute  (seen  in  dogs) 
and  the  slow  form  (seen  in  man  and  in  the  monkey). 

The  slow  form  is  identical  with  the  disease  known  as  myxedema, 
cretinism,  etc.  A  dulling  of  the  mental  faculties  accompanies  ill- 
vnderslood  changes  of  metabolism.  The  latter  lead  to  general 
cachexia,  and  to  myxedema,  a  hyperplasia  of  the  subcutaneous  con- 
nective tissue,  which  reverts  to  the  mucous  embryonal  type.  The 
mental  and  physical  development  of  children  is  greatly  stunted.  (The 
myxedema  is  absent  in  those  animals  which  die  acutely,  within  a  few 
days.) 

These  symptoms  persist  for  a  variable  time,  terminating  finally  in 
those  of  the  acute  form. 

In  the  acute  form  the  metabolic  changes  are  also  a  prominent  fea- 
ture, being  indicated  by  cachexia,  by  disturbed  heat' regulation,  and 
by  a  loss  of  red  blood  corpuscles.  In  addition,  however,  there  are 
very  conspicuous  nervous  disturbances ;  the  motor  system  shows  an 
increased    reflex   excitability,    increasing  to  choreic    spasms    (tetany). 
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and  to  intermittent  convulsions.  The  seat  of  these  is  central,  but  not 
in  the  motor  areas.  Diminished  cutaneous  sensibihly  is  also  present. 
The  animals  die  in  a  few  days,  without  well-defined  lesions. 

A  certain  proportion  of  dogs  do  not  show  much  change  after  thy- 
roidectomy. It  is  found  in  all  these  cases  that  the  animal  possesses 
accessory  thyroids.  These  may  be  situated  in  various  places,  often 
in  the  neck  or  near  the  arch  of  the  aorta,  and  possess  the  same 
structure  as  the  thyroid  gland.  They  hypertrophy  after  removal  of 
the  latter. 

Rabbits  do  not  die  after  removal  of  the  thyroids.  However,  if  cer- 
tain small  glandular  bodies  lying  in  the  neighborhood  of  the  thyroids  — 
parathyroids  —  are  also  removed,  the  animal  dies  very  quickly.  In  the 
dog  these  bodies  are  situated  inside  the  thyroid  gland  and  are,  there- 
fore, removed  in  the  ordinary  operation.  If  they  are  spared,  the  dogs 
also  survive  more  frequently.  The  removal  of  these  bodies  alone  in 
either  animal  causes  death  with  symptoms  similar  to  those  of  thy- 
roidectomy. It  is  possible,  however,  tnat  their  functions  are  distinct, 
although  similar. 

They  have  also  been  demonstrated  in  the  sheep,  seal,  monkey,  man, 
and  exist  probably  in  all  animals. 

2.  THYROID  FEEDING  AFTER  THYROIDECTOMY. 
The  above  symptoms  may  be  entirely  prevented  by  leav- 
ing a  portion  of  the  gland  or  by  transplanting  it  into  any 
portion  of  the  body,  or  in  man  even  by  feeding  with  gland 
substance. 

(This  thyroid  feeding  was  first  tried  in  1884.),  In  dogs  and  mon- 
keys thyroid  feeding  is  not  so  uniformly  successful,  but  it  saves  a 
certain  proportion  of  these  animals  also. 

The  same  results  follow  the  administration  of  the  active 
principle  —  iodothyrin. 

3.  THE  EFFECT  OF  INJECTION  OF  THYROID  ON  NORMAL 
ANIMALS. 

When  thyroid  extract  is  injected  intravenously,  it  increases  the 
tonic  impulses  and  the  excitability  of  the  vagus,  depressor  and  dilator 
nerves,  whilst  it  diminishes  those  o(  the  accelerators  and  vaso- 
constrictors. The  blood  pressure  consequently  falls,  and  the  heart  is 
slowed  in  moat  animals.  In  man,  however,  the  heart  is  commonly 
quickened,  presumably  by  stimulation  of  the  accelerator  center.  Thy- 
roid also  acts  slightly  on  the  cardiac  muscle,  small  doses  increa^ng, 
and  large  doses  diminishing,  the  force  of  the  contractions. 

It  is  possible  that  these  circulatory  changes  are  really  the  basts  of 
the  metabolic  effects. 

4.  EFFECTS  OF  CONTINUED  ADMINISTRATION  OF 

SMALLER  DOSES. 
The  effects  of  the  continued  administration  of  smaller 
doses  (such  as  are  seen  when  overdoses  of  the  substance 
are  taken  in  the  treatment)  are  somewhat  different. 
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The  symptoms  are  partiy  nervous,  partly  circulatory. 
The  former  consists  in  insomnia,  headache,  palpitation, 
nausea,  vertigo,  polyphagia  or  loss  of  appetite,  diarrhea, 
genera]  malaise,  tremors  of  extremities.  The  heart's  ac- 
tion is  irregular  and  exaggerated,  and  there  are  also  vari- 
ous vasomotor  disturbances. 

Effect*  on  HetaboUam. —  Oxidation  is  markedly  increased, 
and  both  nitrogenous  and  non-nitrogenous  bodies  are  rap- 
idly used  up.  The  temperature  rises.  However,  and  in 
whatever  conditions,  thyroid  is  administered,  it  causes  a 
large  increase  of  N  in  the  urine,  but  the  first  effects  are 
upon  fat,  and  it  acts  upon  proteids  only  when  the  former 
have  been  reduced  to  a  certain  minimum.  The  quantity 
of  urine  is  also  increased.     Large  doses  cause  a  glycosuria. 

Since  arsenic  retards  oxygenation,  its  use  has  been  sug- 
gested to  combat  this  side-effect  of  the  thyroids,  and  good 
results  have  been  claimed,  but  are  scarcely  sufficiently 
established. 

5.  FUNCTIONS  OF  THE  THYROIDS. 

The  physiologic  action  of  the  injection  of  thyroid  extract 
—  the  fall  of  blood  pressure  and  the  increase  of  the  irrita- 
bility of  the  vagus  endings  —  renders  it  probable  that  the 
gland  has  an  important  connection  with  the  circulation. 
Moreover,  the  gland  itself  contains  powerful  vasodilator 
fibers  which  can  greatly  lower  the  pressure  in  the  carotid, 
and  thereby  regulate  the  cerebral  circulation.  It  is  quite 
conceivable  that  the  nervous  phenomena,  which  follow  the 
injection  of  extracts  or  excision  of  the  glands,  are  in  part 
due  to  changes  in  the  blood  supply  of  the  nervous  centers. 

It  is  also  possible  that  the  thyroids  have  some  function  in 
disintoxication.  It  is  claimed  that  caffein  is  more  toxic 
after  the  excision  of  the  glands,  and  it  is  possible  that  they 
might  act  similarly  upon  poisons  generated  within  the  body. 
Hunt  ( 1905)  has  found  that  thyroid  feeding  lessens  the  sus- 
ceptibility to  acetonitrile.  The  serum  of  thyroidectomized 
animals  is  stated  to  counteract  the  effects  of  iodothyrin. 

6.  ACTIVE  PRINCIPLES. 

Baumann  (l8g6)  succeeded  in  isolating  a  principle  from  thyroid 
glands,  whicli  posse.ss  alt  the  physiologic  actions,  and  which  he 
named  iodolhynn,  Tliis  substance  is  especially  characterized  bv  a 
very  high  content  of  iodin  (to  i4-3%.  Oswald).  It  does  not  give  the 
proteid   reactions,    and   is   very   resistant    to   heat   and   reagents.     The 
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investigation  of  the  chemistry  of  the  thyroid  was  continued  tspc- 
cially  by  Oswald  (1899),  who  showed  that  iodothyrin  does  not  exist 
as  such  in  the  glands,  but  is  liberated  in  the  process  of  manufacture 
from  a  peculiar  globulin  (/Ayreog/ofcuiin).  This  is  confined  to  the 
colloid  secretion  of  the  alveoli.  The  iodir-content  of  this  globulin 
varies  from  0  to  1.3%  or  more;  usually  about  0,35%;  the  physiologic 
activity  being  proportional  to  the  percentage  of  ioditi.  An  iodin-frcc 
thyreoglobulin  is  also  found  in  Uiyroids  which  contain  no  colloid. 
Oswald  therefor  suggests  that  two  globulins  occur  in  the  gland,  differ- 
ing only  by  the  presence  of  iodin,  and  not  separable  by  reagents. 
All  atteniqits  to  increase  the  iodin  of  the  thyreoglobulin  by  chemic 
means,  outside  of  the  body,  have  resulted  only  in  destroying  its 
activity.  Within  the  body,  however,  it  may  be  somewhat  increased 
by  the  administration  of  potassium  iodid.  It  is  decreased,  on  the 
other  hand,  by  exclusive  meat  diet.  (Meat  diet  has  also  been  found 
to  hasten  death  after  thyroidectomy,  whilst  a  milk  diet  prolongs  life. 
This  should  be  remembered  in  the  treatment  of  myxedema.) 

The  iodized  thyreoglobulin  constitutes  the  main  constituent  of  the 
healthy  colloid  secretion  of  the  gland ;  but  this  contains  also  some  of 
the  iodin-free  globulin,  and  a  small  amount  of  a  uncleoproteid,  but 
no  mucin.  The  colloid  is  secreted  into  the  lumen  of  the  alveoli  by 
the  epithelial  cells,  which  may  or  may  not  undergo  destruction  in 
this  process.  It  is  discharged  from  here  into  the  lymph,  usually  by 
rupture  of  the  alveolar  walls.  The  vacuoles  existing  in  the  colloid 
are  probably  artifacts.    Pilocarpin  does  not  increase  the  colloid  secre- 

When  iodothyrin  is  administered  by  mouth,  it  appears  to  be  readily 
absorbed,  to  judge  from  its  prompt  action.  It  is  excreted  by  the 
urine  partly  unchanged,  partly  as  iodid.     The  excretion  occurs  slowly. 

Iodin  Content  of  Goitres The    iodin    content   of    goitres    (wiUt 

the  possible  exception  of  exophthalmic  goitre)  is  materially  dimin- 
ished, the  thyreoglobulin  being  poor  in  this  element.  (In  colloid 
goitre,  for  instance,  it  contains  only  0.04  to  0.09%.)  This  accounts 
for  (he  symptoms. 

The  thyroids  of  the  new-bom  usually  do  not  contain  iodin,  but  this 
is  found  in  the  accessary  and  para- thyroids.  None  exists  in  the 
thymus.  Iodin  is  also  absent  from  the  thyroid  glands  of  calves ;  these 
do  not  contain  any  colloid. 

7.  RELATION  TO  OTHER  GROUPS. 

The  large  proportion  of  iodin  in  iodothyrin  mi^ht  lead  to  the 
thought  that  perhaps  the  iodin  itself  had  a  similar  action.  This  is  far 
from  being  the  case,  for  the  action  of  the  latter  or  of  iodids  on  intra- 
venous injection  is  precisely  the  opposite:  The  excitability  of  the 
vagus  fibers  is  diminished,  and  the  effect  of  thyroid  injection  is  abol- 
ished, while  the  blood  pressure  is  raised.     (Barbera,  1900). 

Sodium  phosphaU,  on  the  other  hand,  has  the  same  action  on  vagus 
endings  as  iodothyrin. 

These  are,  therefore,  two  antagonistic  groups:  (a)  lodothvrfn  and 
sodium  phosphate  increase  the  excitability  of  the  vagus  and  depressor 
ending  and  cause  a  fall  of  blood  pressure,  (b)  Iodin  and  atropin 
diminish  the  excitability  of  the  vagus  and  cause  a  rise  of  blood 
pressure.  Thyroiodin  would,  therefore,  come  nearest  to  the  ntuscarin 
grotip. 


.dbyGoogle 


a  THERAPEUTICS. 

(a)  Conditioni  in  which  the  Fanctioiu  of  the  ThTToid  Gland 
ii  ETidently  DefectiTe. —  Cachexia  strunUpriva,  myxedema, 
sporadic  cretitiism,  and  some  forms  of  goiter.  In  these  the 
bene6t  persists  only  so  long  as  the  administration  is  con- 
tinued. The  form  of  goiter  which  is  most  conspicu- 
ously influenced  is  hyperplastic  follicular.  Complete  dis- 
appearance is  the  exception,  but  considerable  decrease  the 
rule,  especially  in  young  patients.  Results  are  not  perma- 
nent, and  usually  there  is  a  relapse  if  the  remedy  is  discon- 
tinued. 

(b)  Obesity.—  Since  in  these  cases  the  object  is  to  reduce  the  fat 
and  not  th«  muscle,  and  since  thyroid  increases  the  metabolism  in 
both,  it  must  be  joined  with  an  abundant  proteid  diet,  nor  should  its 
administration  be  continued  a  ver^  long  time.  The  opinions  of  its 
value  differ,  some  clinicians  claiming  inconstant  and  tempoTary  re- 
sults. 

(c)  More  obscure  are  its  actions,  if  indeed  they  exist,  in  various 
skin  diseases:  psoriasis,  eczema,  lupus.  Also  very  obscure  are  the  re- 
ported benefits  to  uterine  fibromata  and  menstrual  disorders. 

("d>  Since  it  has  been  observed  that  thyroidectomy  retards  the 
KTOwtii  of  bone  and  the  formation  of  callus  after  fracture,  the  admin- 
istration of  thyroid  has  been  suggested  for  slow-healing  fractures.  It 
has  not  been  suAicientl;^  tried  to  allow  definite  conclusions. 

(*e)  Thyroid  administration  has  been  suggesled  for  chronic  rheu- 
matism, gout,  arteriosclerosis,  rickets,  infantile  cachexias,  hemophilia, 
etc  It  is  doubtful  whether  it  is  of  any  real  benefit  in  these  condi- 
tions. 

9.  RELATION  OF  THE  THYROID  TO  BASEDOW'S 
DISEASE, 
The  symptoms  of  this  disease  (exophthalmic  goitre)  suggest  its 
causation  by  increased  and  perverted  fuuctionation  of  the  thyroid 
^nd  (Mcebius,  1886),  The  metabolic  changes  are  especially  strik- 
ing: the  O  and  CO.  metabolism  is  increased  by  ao  to  50  per  cent.; 
the  nitrogen  excretion  is  also  raised,  but  not  to  the  same  degree. 
The  severity  of  these  metabolic  changes  is  generally  parallel  to  the 
severity  of  the  disease,  and  cannot  be  accounted  for  hy  the  tremors, 
etc.  These  phenomena  point  plainly  to  thyroid  hypersecretion.  The 
chemic  examination  of  the  gland  (Oswald,  1905)  shows  generally  a 
decrease  of  thyreoglobulin,  and  this  is  poor  in  iodin.  There  is  reason 
to  believe  that  the  paucity  of  the  thyreoglobulin  is  due  to  its  more 
rapid  passage  into  the  Wood,  and  that  tne  glands  form  even  more 
than  the  normal  quantity;  but  the  low  iodin  content  indicates  that 
this  is  of  poor  quality.  The  disease  therefore  presents  at  once  the 
phenomena  of  an  excess  and  of  a  deficiency  of  thyroid  secretion ;  the 
excess  being  indicated  by  the  metabolism,  the  deficiency  by  the  other 
syn^ltoms.  This  can  only  be  explained  on  the  assumption  that  the 
thyroid  secretes  several  active  principles,  .        „       ,     , 

Antithyroid  Seroin.— Proceeding  on  the  theory  that  Basedow  9 
disease  consists  in  a  thyroid  intoxication.  Ballet  and  Ennquez  (1894) 
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attempted  its  treatnienl  by  the  administration  of  the  serum  of 
thyroidectomized  dogs,  supposing  that  these  produced  substances  an- 
tagonistic to  Ihyroid  secretion.  In  the  same  year,  Lantz  employed  the 
milk  of  thyroidectomized  goals,  but  this  soon  becomes  repugnant  to 
the  patients.  At  present,  the  antithyroid  serum  is  generally  obtained 
from  sheep.  Tlie  experience  with  this  serum  has  not  been  sufficient 
to  warrant  a  final  judgment  of  its  value.  It  appears  to  act  favorably 
in  a  considerable  proportion  of  cases  by  palliating  the  symptoms; 
but  it  is  not  curative  and  other  measures  should  not  be  neglected.  It 
has  also  been  tried  in  other  nervous  disorders,  supposedly  allied  to 
this  disease.  The  serum  acts  equally  well  by  moulh  and  subcu- 
taneously.    The  oral  administration  is  preferred.    It  is  not  toxic. 

9.  SOME  COMMERCIAL  PREPARATIONS. 

•  Fresh  Sheep's  Thyroid,  preferably  raw  or  broiled.  %  Xo  Yi  gland 
as  dose. 

'Thyroid  Tablets   (0.13  Gm.  =  2  grains). 

Giandulix  Thyroidea:  Sicca  <U.  S.  P.)  [Thyroideutn  Siccum  (B.P.)). 
—  The  dried  gland  of  the  sheep^s  parts  of  fresh.  Dose:  0.1  to  ao 
Gm.   (2  to  10  grs.)    (0.25  Gm.  =  4  grs.,  U.  S.  P.). 

Liquor  Thyroidei  (B.  P.). — 100  minims^one  gland.  Dose:  0.3  to 
I  C.C.  (5  to  IS  minims). 

'  lodothyrin  (Thyro-iodin). —  The  commercial  preparation  is  a  milk- 
sugar  trituration,  containing  0.03%  I.     Its  dose  is  i  to  2  Gm.  per  day. 

'Antithyroid  Serum. — -The  blood  serum  of  sheep  whose  thyroids 
were  removed  six  weeks  previous  to  the  first  venesection  ;  marketed 
after  the  addition  of  a  little  phenol  {Mabiiu  Serum,  Rodagen)  or 
dried  (Thyroideclin) .  Dose:  of  the  dry,  1  to  3  capsules  of  0.3  Gm. 
(5  grains)  three  times  a  day;  of  the  moist,  5  c. c.  (teaspoonful)  every 
second  day  in  a  tablespoon  of  wine. 

III.  PITUITARY  BODY{HYPOPHYSIS  CEREBRI). 

The_  effects  of  extracts  made  from  the  anterior  (hypophyseal)  and 
postenor   (infundibular)   portions   are   quite   different. 

The  infundibular  lobe  is  the  more  active.  It  contains  a  pressor  and 
depressor  substance,  the  former  soluble  in  salt  solution  and  insoluble 
in  alcohol  and  ether ;  the  latter  soluble  in  all  these  solvents.  The 
pressor  substance  acts  both  on  the  heart  and  on  the  peripheral  ar- 
teries: its  action  is  prolonged,  whilst  that  of  the  depressor  substance 
is  evanescent.  The  rise  of  blood  pressure  may  he  accompanied  by 
cardiac  slowing  (Schaefer  and  Vincent,  iS^g).  The  injection  of  one 
dose  diminishes  the  effects  of  subsequent  injections  (Howell,  1898). 

The  hypophyseal  portion  (which  has  a  structure  resembling  the 
thyroid)  produces  a  distinct  fall  of  blood  pressure,  usually  accom- 
panied by  acceleration  and  weakening  of  the  heart  (W.  W.  Hambur- 
^r,  1C)04).  A  second  injection,  following  immediately  on  the  first, 
is  ineffective.     This  inhibition  is  due  to  the  presence  of  a  distinct  sub- 

The  effects  of  excision  of  the  gland  resemble  those  of  thyroidectotny, 
pointing  lo  the  importance  of  both  to  the  circulation  of  the  brain. 
These  symptoms  are  usually  relieved  by  injections  of  the  extracts. 

The  gland  is  usually  found  atrophied  in  acromegaly,  a  condition  of 
gigantic  overdevelopment  of  the  extremities,  skull,  tongue,  nasal  mu- 
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cous  membranes,  etc,  and  by  various  visual  disturbances ;  but  a  causal 
connection  between  these  two  cannot  be  considered  as  definitely 
proved.  Nor  have  results  of  its  therapeutic  use  in  this  disease  been  at 
all  encouraging.    The  dried  extract  is  used  in  doses  of  about  0.1  Gm. 

The  oral  administration  of  the  gland  produces  no  effect  on  the  cir- 
culation ;  hypodermic  injections  cause  some  of  the  general  effects,  and 
considerable  local  vasoconstriction. 

IV.  LYMPHATIC  GLANDS  AND  OTHER  TISSUES. 

All  glandular  organs,  and  perhaps  all  animal  tissues,  contain  both 
pressor  and  depressor  substances.  The  pressor  principles  predominate 
in  saline  extracts  made  at  ordinary  temperature,  but  are  destroyed  by 
boiling.  The  depressor  substances  are  soluble  in  saline  solutions  and 
in  alcohol  or  ether.  They  are  not  identical  with  cholin  (Swale  Vin- 
cent and  Sheen,  1903). 

Experiments  with  the  injection  of  extracts  of  lymph-glands,  spleen, 
thyinus,  bone-marrow,  etc.,  have  not  yielded  any  definite  results,  and 
it  is  very  doubtful  whether  they  form  any  internal  secretion.  Bone 
marrow  extract  lowers  the  blood- pressure  when  injected  intravenously 
(Brown  and  Guthrie.   1905). 

The  continued  administration  of  these  organs  or  extract.s  is  said  to 
stimulate  the  production  of  blood  corpusclei.  and  they  have  been  em- 
ployed with  varying  success  in  the  treatment  of  rickets,  anemia, 
chlorosis,  leucemia,  tuberculosis,  etc.  Whatever  action  is  possessed 
by  them  may  perhaps  be  attributed  to  their  content  of  nucleins.  It 
has  been   demonstrated  that  these  produce   hyperleucocytosis. 

These  nucleins  have  of  recent  years  been  extensively  tried  for  va- 
rious obscure  affections,  and  so  far  it  is  impossible  to  say  anything 
definite  about  them.  They  are  converted  into  xanthin  bodies  in  the 
organisms.  They  are  rich  in  phosphorus  and  are  not  destroyed  by 
peptic  digestion.  Under  the  action  of  alkalies  they  are  split  into  an 
albumin,  and  into  nuclei  acid,  which  latter  retains  the  phosphorus.  It 
is  used  in  hemophilia  (as  also  nuclein),  and  as  a  mild  caustic.  (It  is 
claimed  that  it  destroys  diseased  tissue,  but  leaves  healthy  tissue  in- 
tact.) Nuclein  is  made  either  from  yeast  or  from  spleen.  It  occurs 
as  a  powder,  soluble  in  weak  alkalies.  It  is  given  by  mouth  in  daily 
doses  of  2  to  3  (jm.  or  subcutaneously  as  i  c.  c.  of  0.5%  solution. 

Yeast  has  recently  been  recommended  <by  mouth  an^  locally) 
against  furunculosis.  More  extended  observation  is  needed  to  estaV 
lish  its  value. 

V.  PANCREAS. 

Although  this  gland  has  for  its  most  conspicuous  function  an  ex- 
ternal secretion,  its  internal  secretion  is  none  the  less  important.  Its 
removal  leads  to  glycosuria,  with  acetonuria,  polyuria,  great  thirst,  and 
htJtiger;  in  fact,  conditions  closely  analogous  to  diabetes  mellitus. 
This  glycosuria  occurs  even  when  carbohydrates  are  withheld. 

It  can  scarcely  be  considered  as  decided  whether  these  effects  are 
due  to  the  absence  of  some  substances  produced  in  the  pancreas  or 
whether  the  cells  of  this  organ  are  themselves  necessary  to  the  normal 
carbohydrate  metabolism. 

Recent  experiments  indicate  that  the  pancreas  produces  a  substance 
which,  in  conjunction  with  another  substance  found  in  muscle,  causes 
die  destruction  of  sugar,  and  that  the  removal  of  this  pancreatic  sub- 
stance robs  the  body  of  the  power  of  utilizing  sugar.    The  cells  of 
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the  islands  of  Langerhans  seem  to  be  particularly  connected  with  the 
production  of  this  substance. 

While  it  does  not  seem  improbable  that  some  cases  of  diabetes  in 
man  are  connected  with  disease  of  the  pancreas,  it  must  be  confessed 
that  administration  of  the  powdered  substance  or  extract  has  not  been 
therapeutically  successful  in  these  conditions. 

VI.  PHLORRHIZIN. 

This  substance  (often  misspelled  Phlorizin  or  Phloridzin)  may  be 
considered  here,  in  want  of  a  better  place.  It  is  a  glucosid  which 
occurs  in  the  root-bark  o(  the  apple  and  other  trees.  Its  administra- 
tion leads  to  glycosuria,  polyuria,  acetonuria,  and  to  a  great  increase 
of  nitrogen  excretion   (to  six  limes  the  normal). 

Phlorrhizln  aiycosuria.'— It  will  be  seen  that  these  effects,  espe- 
cially the  glycosuria,  bear  a  close  superficial  resemblance  to  those  of 
pancreas  excision ;  but  the  mechanism  of  their  production  is  quite 
different.  The  phlorrhiiin  elycosuria  differs  indeed  from  all  others  in 
that  the  sugar  content  of  the  Ijlood  is  not  increased,  even  if  the  kid- 
neys are  excised,  but  may  even  be  diminished.  This  disposes  also  oE 
the  suggestion  that  the  glycosuria  is  produced  by  the  sugar  split  off 
from  the  phlorrhizin.  Indeed,  it  is  doubtful  whether  the  glucosid  is 
decomposed  in  the  body,  for  it  is  excreted  largely  unchanged  b;  the 
urine ;  further,  the  sugar-free  decomposition  product,  phlorhetin,  also 
causes  glycosuria.  It  has  been  suggested  that  the  glycosuria  is  due 
to  an  increased  permeability  of  the  kidney  cells  to  sugar  (Von  Me- 
ring).  This  would  explain  the  phenomenon  partly,  although  it  is 
rather  suggestive  that  the  permeability  to  other  substances  (salts  or  pro- 
teids)  is  not  affected.  Favy,  Brodie,  and  Siau  (1903)  have  shown  that 
the  quantity  of  sugar  which  is  excreted  when  the  o&er  abdominal  viscera 
are  excised,  exceeds  the  quantity  of  sugar  which  disappears  from  the 
blood.  This  forces  the  (inclusion  that  pMorrhizin  causes  the  kidneys 
to  assume  the  function  of  forming  sugar  from  the  proteids  of  the 
blood,  and  of  secreting  this  into  the  unne,  t.  e.,  a  function  analogous 
to  that  of  the  mammary  glands.  It  may  be  supposed  that  the  sugar 
of  the  blood  exists  in  loose  and  firm  combination  with  the  blood  pro- 
teids ;   the  phlorrhizin  causes  the  kidney  to  secrete  first  the  loosely 

'  ■     '  '      ■        ■■  ,  die  firmer  com- 

, _.i  the  body  there- 
for disappears  first,  although  some  glycogen  is  retained  very  per- 
sistently. At  this  time  the  D-hN  quotient  (dextrose  divided  by  the 
nitrogen  of  the  urine)  is  naturally  variable,  but  high.  On  proteid 
diet  and  in  starving  animals  it  becomes  constant  (3.75  for  dogs,  2.8  in 
goats  and  rabbits),  just  as  in  pancreatic  diabetes,  where  the  sugar  '^ 
also  formed  from  proteids.    This  accounts  for  the  increased  nitrogen 


.  .  .  I  of  sugar  is  proportional  to  the  activity  of  the  kid- 
neys ;  it  is  diminished,  for  instance,  when  one  kidney  is  excised,  and 
increases  again  as  the  remaining  kidney  hypertrophies  (Schilling, 
1904).  The  glycosuria  is  said  to  be  diminished  in  parenchymatous 
nephritis,  and  the  injection  of  phlorrhizin  (phlorrhizin  test.  5  mg. 
in  warm  water,  hypodermically)  has  been  proposed  as  a  means  of 
diagnosis.  The  result,  however,  is  not  decisive  in  either  sense.  The 
administration  of  the  drug  itself  causes  necrotic  changes  of  the  renal 
cells. 
The  amount  of  glucose  in  the  urine  may  be  very  high,  above  12%. 
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It  persists  for  several  hours  after  a  single  injectionj  but  may  be  pro- 
longed indefinitely,  at  its  highest  degree,  by  administering  I  Gm.  of 
llie  glucosid  per  kilo  of  bodyweight,  by  mouth,  three  times  a  day. 
Larger  doses  do  not  increase  the  glycosuria. 

Phlorrhizin,  as  all  measures  which  cause  inordinate  proteid  metab- 
olism, leads  to  fatty  infiltration  of  (he  liver.  The  acetonuria  also 
occurs  in  all  similar  conditions,  and,  like  the  production  of  oxybutyric 
acid,  it  results  from  the  imperfect  oxydation  of  fats,  due  to  the  dis- 
turbance of  metabolism.  The  combined  sulphuric  acid  of  the  urine 
is  not  increased.    Albuminuria  occurs  rarely. 

VII.  ASPHYXIAL  GLYCOSURIA.* 

Two  mechanisms  for  the  production  of  glycosuria  have  just  been 
described,  viz. :  Diminished  activity  of  the  pancreas  (perhaps  the  sup- 
pression of  an^ oxidizing  ferment);  and  secretion  by  the  renal  epithe- 
lium (phlorrhizin).  Glycosuria  may  also  be  brought  about  1^  an- 
other mechanism,  viz.,  by  an  increase  in  the  per  cent,  of  sugar  m  the 
blood.  This  may  be  the  result  of  introducing  excessive  amounts  of 
carbohydrates  into  the  body ;  but  it  may  also  be  the  result  of  an  over- 
abundant conversion  of  reserve  glycogen  into  sugar  This  occurs 
through  stimulation  of  the  glycogenic  center  in  the  medulla,  by 
puncture,  by  stimulation  of  sensory  nerves,  by  asphyxia,  by  what- 
ever means  this  is  produced ;  it  seems  also  to  be  favored  bj;  cooling. 
This  glycosuria  is  seen  after  CO,  Curare,  Strychnin,  Morphin,  Vera- 
trin,  Amyl  nitrite,  the  volatile  Anesthetics,  Chloral,  drugs  which  pro- 
duce mcthemoglobin,  such  as  the  coat-tar  products,  etc.  It  also  follows 
metallic  poisons.  Glycuronic  acid  and  its  compounds  may  in  part  re- 
place the  closely  allied  glucose. 

VIII.  KIDNEYS. 

Even  this  organ,  whose  function  is  so  conspicuously  connected  with 
external  secretion,  appears  also  to  be  charged  with  the  function  of 
internal  secretiom  This  action  is  largely  metabolic;  removal  of  a 
large  portion  of  the  kidney  increases  the  proteid  waste  of  the  body. 
It  cannot  be  stated  whether  this  is  connected  with  a  chemic  sub- 
Total  excision  of  the  kidneys  produces  a  speedy  death.  This  is  due 
in  part  to  the  non-excretion  of  toxic  organic  and  inorganic  waste 
products.  But  it  appears  that  the  kidneys  secrete  a  substance  which  is 
antitoxic  to  some  of  these  poisonous  products;  for  injection  of  kid- 
ney extracts,  or  of  the  serum  from  the  renal  vein,  is  said  to  delay  the 
death.  (Experiments  of  this  kind  need  to  be  freely  controlled  before 
much  weight  can  be  attached  to  them. 

Kidney  extracts  also  have  some  action  on  the  cireulalion.  The  effect 
on  the  isolated  heart-muscle  is  comparatively  small.  It  consists  in 
lessened  tonus,  slight  slowing,  and  mcrease^  amplitude.  The  blood 
pressure  falls  at  first,  then  rises.  These  effects  are  not  due  to  urea, 
which  causes  in  the  isolated  heart  a  slight  increase  in  the  tonus,  with 
some  acceleration,  and  slight  increase  of  force, 

IX.  SEXUAL  GLANDS. 

Extirpation  of  the  sexual  glands  was  amongst  the  earliest  surgical 

operations,  and  thus  it  could  not  fail  to  be  noticed  that  it  is  followed 

'  G1yc«uria  and  diabetes  mellilua  are  not  jdrntical.  diabetea   beins  a  disease 
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by  very  marked  psychic  and  physical  changes.  But  the  subject  was 
neglected  therapeutically  until  the  atinouncement  by  Brown-Se((uard,  in 
i88g,  of  the  remarkable  stimulating  qualities  which  he  noticed  on 
hypodermic  injection  of  orchitic  extract. 

This  discovery  was  exploited  in  sg  sensational  a  manner  that  the 
whole  subject  was  in  danger  of  tailing  into  discredit.  While  the 
somewhat  extravagant  claims  of  the  discoverer  must  be  considerably 
discounted,  numerous  independent  observers  have  shown  by  the  ergo- 
graph  that  it  causes  a  marked  increase  (15^  to  20%)  of  power  for 
voluntary  muscular  work. 

This  action  has  been  attributed  by  Poehl  lo  the  base  spermm 
(GH,.Ni).  While  this  is  especially  abundant  in  this  extract,  it  also 
exists  in  many  other  tissues.  Its  actions  on  the  heart  and  circulation 
resemble  those  of  choiin,  which  is  also  present  in  the  orchitic  ex- 
tract. Its  phosphate  forms  the  "  Ckarcoi-Leyden "  crystals  found  in 
sputa,  etc.  The  action  of  these  substances  is  supported  by  a  nucleo- 
proteid,  which  causes  a  slowed  heart  and  fall  of  blood  pressure 
through  stimulation  of  the  vagus  center,  and  dilatation  of  the  splanch- 
nic vessels,  also  through  the  center.  The  orchitic  extract  applied  to 
the  isolated  heart  (Porter  and  LangendorS  method)  shows  increase  in 
force  and  frequency. 

Much  more  conspicuous,  however,  are  the  effects  of  the  sexual 
glands  upon  metabolism.  This  was  first  observed  clinically:  After 
the  climacteric  or  oophorectomj',  obesity  occurs  in  about  40%  of  the 
cases.  The  excision  of  the  testicles  has  much  less  effect.  In  addition 
to  this  increase  of  fat,  the  loss  of  the  ovaries  also  brings  with  it  a  very 
characteristic  train  of  phenomena,  generally  attributable  to  spasms  of 
the   vascular   system. 

The  subject  has  recently  been  studied  experimentally  on  bitches  by 
measuring  the  heat  production.  A  very  marked  decrease  of  this  is 
found  after  the  operation  —  i.  e.,  oxidation  and  consequently  carbon 
and  hydrogen  metabolism,  are  diminished.  It  is  under  dispute  whether 
the  excretion  of  phosphates  is  diminished  or  not. 

This  effect  is  abolished  by  adnunistration  of  ovarian  extracts  by 
the  mouth.  In  other  words,  ovarian  substance  increases  oxidation 
with  the  castrated  animal,  even  somewhat  above  the  normal  amount 
On  the  normal   animal    on  the  other  hand,  it  has  no  such  effect. 

Males  show  exactly  the  same  phenomena,  but  much  less  marked. 
The  spermatic  extract  has  the  same  action  as  the  ovarian  on  both  sexes, 
but  the  ovarian  is  much  more  powerful. 

The  metabolic  function  of  the  ovaries  is  to  some  extent  stqiplemented 
by  the  uterus.  The  diminution  of  heat-production  does  i»ot  reach  its 
maximutn  until  the  uterus  has  undergone  atrophy. 

Administration  of  ovarian  substance  does  not  prevent  atrophy  of 
the  uterus  after  excision  of  the  ovary.    (Locwy  and  Richter,  i8()q). 

Therapeutically,  ovarian  tablets  have  been  found  quite  successful  in 
all  the  conditions  following  the  functional  loss  of  the  ovaries.  They 
have  also  been  tried  in  chlorosis,  but  without  decided  benefit. 

Extracts  of  the  mammary  and  parotid  glands  have  also  been  tried 
against  uterine  fibroids  and  ovarian  tumors,  but  the  beneficial  results 
which  have  been  reported  can  scarcely  be  accepted  until  further  con- 
firmation. 

MATERIA    MEDICA. 

Testicular  Extracts  (from  Bull  or  Ram) : 

*Testes  Siccati  Pulv..  Didymin,  Teslin.  TesHs.^'Dry  glands  or  ex- 
tracts.   Dose:  i  Gm. 
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*  Spertnin  Poehl.-—  t  to  6  c.  c.  of  2%  solution,  bypoderniic. 

*  Smccus  t  Testibui. —  Liquid  preparation,  15  c.  c. 
Ovarian  Extracts  (Cow  or  Swine): 

*  OdphoriH. —  A  dry  extract,  ten  times  as  strong  as  fresh  ovaries. 
Dose:  I  to  2  Gm. 

*  Parolida  or  Mammalia  Sicca. — 0.15  Gm.  per  day. 

*  Ovariinum  Siccvm. —  Five  times  as  strong  as  fresh  glands. 

X.  SECRETIN. 

Bayliss  and  Starling  (1902)  discovered  that  the  maceration  of  the 
mucosa  of  the  small  intestine  with  dilute  hydrochloric  produces  a  sub- 
stance, secretin,  which  stimulates  the  secretion  of  the  pancreas.  Se- 
cretin is  not  a  ferment,  since  it  is  not  affected  by  heating  or  alcohol. 
Its  action  is  not  hindered  by  atropin.  The  substance  can  scarcely  be 
utilized  therapeutically,  since  it  is  not  absorbed  from  the  intact  ali- 
mentary canal  and  its  hypodermic  injection  is  painful.  The  latter  may 
be  justifiable  to  confirm  the  pancreatic  connection  of  fistulse.  (Mac- 
leod,  1903.)  (In  life,  secretin  is  probably  produced  within  the  cells, 
from  which  it  may  be  absorbed.) 


CHAPTER  XIV. 

APOMORPHIN;  IPECAC;  EMETICS.* 

(A)  APOMORPHIN. 

This  is  a  base  formed  by  dehydrating  morphin  through 
the  action  of  concentrated  mineral  acids : 


It  has  lost  almost  all  the  narcotic  action  of  morphin  and 
shows  a  further  development  of  the  excitant  effects  which 
were  noted  in  the  action  of  the  former  on  certain  animals. 
It  shows  in  addition  a  depressing  action  on  striped  and  car- 
diac muscle. 

I.  SUMMARY  OF  ACTTIONS. 

1.  Irritation  of  the  central  nervous  system,  and  particu- 
larly of  the  vomiting  center  in  the  medulla. 

2.  Depression  of  striped  and  cardiac  muscle. 

II.  DETAILS  OF  ACTION. 

1.  TIte  irritation  of  the  central  nerroni  lyitem  is  exerted 

first  and  mainly  upon  the  vomiting  center,  its  action  being 

•  Not    oSciil. 
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so  specialized  that  small  doses  give  rise  purely  to  emesis 
without  developing  any  other  direct  action. 

The  vomiting  is  preceded  by  the  classic  symptoms  of 
nausea,  which  must  not  be  ascribed  to  a  direct  action  of  the 
drug.  They  are :  a  feeling  of  sickness,  lassitude  and  weak- 
ness, increased  secretion  of  sweat,  saliva,  mucus,  and  tears, 
a  sensation  of  warmth.  During  the  act  of  vomiting  there 
is  also  an  increase  of  respiration  and  pulse,  and  of  blood 
pressure. 

The  nausea  symptoms  are  also  obtained  from  doses  too 
small  to  produce  vomiting  { i  to  2  mg.  every  two  hours  by 
mouth). 

With  the  usual  hypodermic  dose  (5  to  10  mg. — */]j  to  •/• 
grain)  vomiting  oc- 
curs in  man  usually 
inside  of  fifteen 
minutes,  and  the 
nausea  usually  dis- 
appears very  quick- 
ly ;  it  may,  however, 
persist  for  some  time 
and  the  vomiting  be 
repeated.  Even  col- 
lapse may  occur, 
simply  as  the  result 
of  the  vomiting,  and 
not  as  a  direct  effect. 
It  is  not  dangerous 
in  normal  individu- 
als, 
is  mainly  of  central  ori- 


The  fact  that  it  occurs  more  quickly  and  with  a  smaller  dose  if  the 
drug  is  administered  hypodermicatly  than  when  it  is  given  by  stomach 
would  point  to  this.  And  even  more  direct  proof  can  be  furnished  : 
After  the  blood-vessels  supplying  the  stomach  have  been  ligatured, 
apomorphin  does  not  produce  vomiting  when  placed  in  this  organ,  but 
acts  when  injected  into  the  general  circulation  (from  which  it  cannot 
reach  the  stomach).  Its  central  action  is,  however,  supported  very 
slightly  by  a  local  one,  since  it  causes  weak  contraction  in  the  excised 
stomach ;  but  this  plays  a  very  subordinate  role. 

3.  U  the  drug  is  taken  in  very  large  dotes.— and  esoecially  by  uu- 
mala   whkh   «re   Incapable   of   vomiting,'— it    exhibits   its   irritant 

leuans    (Tunc    and 
>    filled    with    food. 
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effects  upon  the  rest  of  the  central  nervous  system.  It  causes  great 
restlessness  with  circus  movements,  excitement,  and  terror.  The  respi- 
ration is  quickened.  Convulsions  set  in  and  death  occurs  through  pa- 
ralysis of  respiration.  These  general  irritant  effects  are  never  pur- 
posely produced  in  man,  and  are  rarely  witnessed.  Very  minute  doses 
(up  to  2  mg.  in  man)  are  slightly  hypnotic, 

3.  The  irritability  of  striped  mnvcle  is  much  diminished  and  finally 
abolished  by  it  in  frogs  (Fig.  65),  but  this  action  has  not  been  shown 
in  mammals:  the  muscular  weakness  witnessed  in  the  latter  depends 
purely  upon  the  nausea. 

4.  A  similar  action  is  shown  on  the  cardUc  muscle:  it  stops  the 
heart  even  after  atropin. 

5.  It  paralyzes  nerve-cells  and  ganglia  on  direct  application. 

III.  TOXICOLOGY. 

The  toxicology  of  apomorphin  is  not  important.  It  is  not  excreted 
into  the  stomach  like  morphin,  but  is  probably  decomposed  in  the 
organism. 

QuebrttchiH,  aspidosamin,  quebra^hamin,  and  aspidospermin  have  a 
similar  action,  but  vomiting  is  not  so  prominent  a  symptom. 

IV.  MATERIA  MEDICA. 

Apomorphlnte  Hydrochloridam  (U.  S.  P.,  B.  P.),  C,>H„NOi.HCI.-- 
Grayish  powder,  sol.  39.5  water,  38.2  ale.  As  an  emetic,  5  to  10  mg. 
(Vn  to  %  gr)  we  given  hypodermically  in  1%  solution.  As  an  ex- 
pectorant, 2  mg.  per  mouth.  (XI.  S.  P, :  Expectorant,  2  mg.=  Vi.  gr. ; 
Emetic.  5  mg.  =  Ao  gr.). 

The  solutions  become  green  in  the  light,  but  this  change  does  not 
greatly  lessen  their  activity. 

Injectio  Apomorphina  Hypodermica  (B.P.).— 1%.  (To  be  freshly 
prepared.)     Dose:  0.3  to  1.0  c.  c.   (1  to  15  minims). 

Therapeutic  Uses.—  See  end  of  chapter, 

Apocodela,  the  corresponding  derivative  of  codein.  preserves  the 
convulsant  action,  but  in  addition  it  paralyzes  all  nervous  structures, 
the  endings  as  well  as  the  central  cells.  In  the  successive  stages  of  its 
action  it  affects  the  terminations  of  the  vagus,  vasomotors,  and  the  nerve 
endings  of  all  smooth  muscle,  striped  muscle,  and  cardiac  accelerator. 
It  has  proved  very  useful  in  pharmacologic  experimentation,  to  dis- 
tinguish whether  a  peripheral  stimulation  affects  the  endings  or  the 
cells;  for  it  does  not  paralyze  the  latter  (Dixon,  1903). 

AspidOBpcmu  (Quebracho),  the  bark  of  Aspidosperma  Quebracho- 
bianco,  contains  six  or  more  alkaloids  with  very  similar  actions.  These 
fesemble  apomorphin ;  one  of  the  alkaloids,  aspidosamin,  produces  eme- 
sis ;  the  others  only  cause  nausea,  with  its  usual  accompaniments.  The 
drug  also  shares  the  other  central  and  peripheral  actions  of  apomor- 
phin. Moderate  doses  stimulate  the  central  nervous  system,  particu- 
Tarly  the  medulla,  and  increase  the  respiration.  Larger  doses  depress 
the  respiratory  and  vasomotor  centers,  and  denress  the  cardiac  and 
skeletal  mu.-icles  (Harnack  and  Hoffmann,  1884;  Wood  and  Hoyt, 
1903).     The  fluidextract,  in  doses  of  i  to  4  c.  c.   {%   to  1  3)   has  been 

AH  bird)  vomit,  bul  from  Itic  crop,  and  not  from  the  Momach.  Hon  vonlit 
witb  difficuhy,  Othfr  snimali  with  raircd  hoofs,  insecl-ratcrs  and  carnivorous. 
Toinii  eaaily.  Animals  with  odd  hoofs,  ruminants,  and  rodents  cannot  vomit. 
.Ithough  large  does  of  emetics  may  csusc  salivation  and  nausea.  It  is  well 
Imown  that  yDune  children  vomit  verv  much  more  easily  than  adults. 
Study  Maieni  Medica  Lesion   >;. 
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recommended  as  expectorant  and  in  dyspnetc  conditions,  but  i>  rarely 
used. 

B.  IPECACUANHA. 
I.  CONSTITUENTS. 


qualitatively  in  their  actions,  appear  to  be  solely  responsible  for  tiie 
effects  of  the  drug.  Psychotrin  is  present  in  too  small  amount  to  be 
important. 

The  Ipecacnanhlc  add  was,  until  recently,  considered  a  bearer  of 
the  valuable  action  of  ipecac  in  dysentery,  and  a  preparation  of  the 
drug,  deprived  of  its  alkaloid,  was  recommended  for  use  in  this  disease. 
It  has  been  shown,  however,  that  this  tannin  is  inactive.  The  ipecac- 
uanhic  acid  possesses  all  the  chemic  characters  of  caffeotannic  acid 
(see  Index),  from  which  it  differs  only  by  one  atom  of  oxygen.  T^e 
pharmacologic  actions  of  these  two  tannins  also  agree  periecdy  (and 
differ  from  ordinary  tannin)  as  they  are  neither  antiseptic  nor  as- 
tringent  (Kimura,   1903). 

II.  SUMMARY  OF  ACTIONS  OF  EMETIN  AND  CEPHAELIN. 

I.  A  strong  local  irritant  effect  on  mucous  membranes, 
exerted  particularly  on  the  alimentary  canal,  resulting  in 
vomiting  and  diarrhea. 


III.  DETAILS  OF  ACTION. 
The  phenomena  of  vomitii^  and  nausea  are  the  first  and 
most  prominent  symptoms,  and  present  the  clinical  picture 
described  under  apomorphin.  The  emesis  is  produced 
largely,  if  not  solely,  by  the  local  irritation,  although  it  is 
difficult  to  exclude  the  possibility  of  cooperation  by  the 
vomiting  center.  The  effect  occurs  quite  as  promptly 
when  it  is  given  by  mouth  as  when  it  is  used  subcutaneously. 
The  nervous  path  is  also  the  same  as  with  local,  irritant 
emetics. 

According  to  Openchowski,  there  is  reason  to  believe  that  the  cen- 
trally acting  emetics  (apomorphin.  lobelin)  do  not  act  on  the  same 
center  as  the  peripheral  emetics  (ipecac,  copper,  antimony,  etc.),  and 
that  the  efferent  impulses  take  a  different  path.  That  for  the  central 
emetics  involves  the  corpora  quadrigemina,  spinal  cord  to  fifth  dorsal, 
and  splanchnics ;  no  vomiting  occurs  if  any  of  these  are  destroyed ; 
but  it  is  not  prevented  by  dividing  the  vagi.  With  the  locally  acting 
emetics,  including  ipecac,  the  conditions  are  reversed :  vomiting  is  pre- 
vented by  section  of  the  vagi,  but  not  by  dividing  the  splanchnics,  etc. 
(Magnus,  1903). 
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With  ipecac,  emesis  is  produced  much  more  slowly  than 
in  the  case  of  apomorphin,  and  the  nausea  is  in  consequence 
more  prolonged.  Ipecac  increases  the  tracheal  secretion, 
even  when  given  intravenously. 

If  the  drug  has  been  given  by  the  stomach,  it  is  usually 
voided  by  the  vomiting,  in  which  ease  there  may  be  no 
further  symptoms;  but  if  it  was  administered  hypodermical- 
ly,  the  vomiting  is  followed  by  diarrhea,  which  is  often 
bloody,  by  nephritic  albuminuria,  and  by  depression  of  the 
heart. 

Central   symptoins  make  th«ir  appearance  after  large  doses. 

Paralytic  symptoms  set  in,  among  the  earliest  in  mammals  being 
vasomotor  paralysis  with  fall  of  blood  pressure.  This  is  further  aided 
by  wtaktMinf  of  the  heart  muscle  due  to  its  direct  muscle-action,  and 
this  results  m  death.  If  the  action  has  lasted  any  time,  the  autopsy 
will  show  a  marked  gaslro-enteritis,  with  ecchymoses  and  even  ulcers. 

Edema  of  the  lungs,  from  the  hypcTsecretion  of  mucus  and  the  weak- 
ened heart,  is  sometimes  seen. 

The  local  irritation  is  one  of  its  important  effects.  It  may 
give  rise  to  conjunctivitis,  bronchitis,  pustular  eruption 
on  the  skin,  etc.,  according  to  the  place  to  which  it  has  been 
applied.'  On  hypodermic  injection  it  is  very  apt  to  pro- 
duce local  abscesses,  and  more  remotely  the  gastro-enteritis 
already  mentioned.  The  irritant  action  on  subcutaneous 
tissue  is,  however,  comparatively  weak  since  the  alkaloids 
are  rapidly  removed  by  the  circulation.  The  occasional 
nephritis  is  to  be  referred  to  the  irritant  action. 

In  smaller  quantities  it  produces,  especially  when  given 
by  the  mouth,  a  moderate  congestion  of  the  gastric  itMcous- 
membrane,  which  may  be  very  desirable  in  the  treatment 
of  some  dyspepsias;  and  it  also  influences  the  intestinal 
mucous  membrane  in  a  favorable  manner  in  tropical  dysen- 
tery. 

Subcutaneous  administration  is  inadmissible  on  account  of  the  danger 
of  the  systemic  actions.  To  make  the  effect  as  purely  local  as  possible, 
the  crude  drug,  or  its  preparations,  are  used  to  the  exclusion  of  the 
isolated  alkaloids.  As  emetic,  the  powdered  ipecac  deserves  the  pref- 
erence. For  the  nauseant  action  it  has  been  recommended  to  use  an 
infusion  by  gargling. 

IV.  COMPARATIVE  ACTION  OF  EMETIN  AND  CEPHAEUN. 
The  composition  of  the  alkaloids  differs  merely  by  two  CH»  mole- 
cules  (Emetin  =  C»H«N,0.;  Cephaelin  =  C„H«NiO.)  ;  their  action  is 
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accordingly  similar,  but  some  minor  differences  are  of  therapeutic  im- 
portance: Emetic  eifect:  Cephaelin  is  by  far  more  emetic,  whilst 
emetin  is  the  better  nauseant.  Cardiac  effect:  Emetin  is  much  more 
depressing.  Kidneys:  Cephaelin  is  more  irritant.  Blood  corpuscles: 
Cephaelin  is  somewhat  hemolytic  (Paul  and  Cownley,  1901 ;  Lowin, 
1902;  Wild,  1805;  of  the  older  papers,  Podwyssotzki,  Arch.  exp.  Path-, 
11:231.1879)- 

V.  MATERIA   MEDICA. 

Ipeoiciianba  (U.  S- P.,  B.  P,).— The  root  of  Cepkalis  Ipecacuanha, 
Rubiacese-     Brazil  and  Colombia;  cultivated  in  India. 

Two  varieties  are  found  on  the  market,  called  Rio  and  Carthagena 
Ipecac-  The  B.  P.  recognizes  only  the  former,  the  U.  S.  P.,  both. 
Recent  researches  have  shown  that  the  Carthagena  variety  contains 
more  of  both  alkaloids,  but  particularly  of  Cephaelin,  and  is  therefore 
the  more  valuable. 

Principal  constituents:  Besides  the  active  ingredients  enumerated. 
there  are  starch,  volatile  oil,  etc.  The  total  alkaloids  amount  to  a.? 
to  2-9%  (at  least  2%  U.S.  P.).  The  ratio  of  emetin  to  cephaelin 
varies  from  3  emetin  :  i  cephaelin  in  Rio  to  ?^:i  in  Carthagena. 

Pulvis  Jpecacuanhir:     Dose:  As  emetic,  I  to  2  Gm.   (J^  to  ^  tea- 
spoonful)    in    lukewarm    water    (U.S.  P.:    Expectorant,   0.o6s    Gm-^ 
I   gr.;  Emetic,  I   Gm.^    15  gr.). 
Simple  Preparations: 

Fluidextraclum  Ipecacuanha  (U,  S.  P.). —  ii  alcohol;  1.75%  alka- 
loids.   Dose:  Expectorant,  0.05  to  0.3  c.  c-  (i  to  s  ni) ;  emetic,  2  c-c. 

(30  la)  (U.S.P..  0.0s  c.c.  =  i  m;  I  c.c.  =  is  m). 

ExiT.  Ipecac.  Liq.  (B-P-). —  Alcohol;  2.25%  alk.    Dose:  as  the  pre- 

Syrupus  Ipcc.  (11- S- P.).— 7%  of  fldext.;  contains  acetic  acid. 
Dose:  As  expectorant,  I  c  c.  =  15  iH;  as  emetic,  15  c-c.  =  45 
(U.S-P). 

Vinum  Ipec.  (U.  S.  P.).— 10%  of  fldext.  Dose:  As  expectorant, 
-OS  to  2  e-c.  (10  to  30  m)  (1  c.c.  =  l5  m..  U.S.P-);  as  emetic.  15 
c.c.  (45)- 

Fi'nam  Ipec.  (B,  P.)— 5%;  0.1%  alkaloids.  Dose:  twice  the  pre- 
ceding. 

Acetum  Ipecacuanha   (B.  P.). —  As  the  wine. 
Compound  Preparations: 

Pulvis  Ipecacuanhtt  et  Opii  (U.  S.  P-)  [Puh'ts 
Dover's  Potvder.—  10%  of  each  active  ingrediei 
Gm.  (I  to  15  grs)   (0,5  Gm.  =  7'A  gr-  U,S.P-), 

Trochisci   Morphina   et   Ipecacuanha    (B,  P.),— Each    ■ 
(Train    (0.0016   Gm.)    of   morphin   hydrochlorate,   and   Vh   grain    (0005 
Gm.]  ipecac 

Tinctttra  Ipecacuanha:  cl  Opii  (U,  S,  P). —  Contains  10%  of  each- 
Dose:  aa  to  i.a  c, c-  (3  to  20  minims)  (0,5  c. c.^8  nv,  U.S-P). 

(C)  THERAPEUTICS  OF  EMETICS. 
I-  PHYSIOLOGY  OF  VOMITING. 

The  act  of  vomiting  consists  in  an  upward  emptying  of 
the  stomach,  produced  by  a  contraction  of  its  walls  and  its 
compression  by  the  abdominal  muscles,  joined  with  a  simul- 
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taneous  closure  of  the  pyloric  and  relaxation  of  the  cardiac 
sphincters.  When  the  compression  of  the  organ  and  re- 
laxation of  the  sphincter  do  not  occur  simultaneously,  retch- 
ing results,  the  contents  being  retained.  This  frequently 
precedes  the  vomiting.  A  still  earlier  stage  presents  the 
phenomena  of  nausea  as  already  detailed.  The  act  of  vom- 
iting is  a  reflex  one,  and  to  some  extent  physiologic,  espe- 
cially in  young  children,  where  it  has  little  more  significance 
than  sneezing.  It  is  controlled  by  a  nerve-center,  situated 
in  the  proximity  of,  and  closely  related  to,  the  respiratory 
center.  The  reflex  arch  might  be  stimulated  at  any  part 
of  its  course,  and  vomiting  thus  produced.  The  center  may 
be  directly  affected  by  concussion  or  pressure  on  the  brain, 
and  by  drugs  which  we  will  call  "  central  emetics." 

The  reHexes  may  take  their  origin  in  many  organs:  from  the  ah- 
mentary  canal  —  pharynx,  stomach,  and  intestine;  from  the  special 
senses  —  by  sight,  smell,  or  taste;  but  in  these  cases  the  effect  results 
more  strictly  from  a  psychic  cause  than  directly  from  the  sense  organs. 
Disturbance  of  the  mechanism  of  equilibrium  is  aUo  an  effective  cause, 
as  in  vertigo  and  sea-sickness.  The  impulses  may  also  arise  in  the  gall- 
duct,  kidney,  ureter  and  bladder,  sexual  organs,  etc. 

Such  irritation  may  be  obtained  by  any  of  the  known 
forms  of  stimulation,  and  consequently  also  by  drugs,  the 
alimentary  canal  being  the  most  convenient  point  for  attack. 
We  will  call  drugs  acting  in  this  way  local  emetics.  There 
is  still  another  type  of  local  emetics  conceivable,  namely, 
those  which  should  act  directly  upon  the  nntscuiar  walls  of 
the  stomach  without  the  intervention  of  the  reflex  mechan- 
ism. But  since  contraction  of  the  stomach  alone  does  not 
usually  result  in  vomiting,  and  since,  further,  all  the  drugs 
which  produce  this  irritation  also  produce  at  the  same  time 
a  reflex  irritation,  they  may  well  be  considered  with  the  last 
class.  We  have,  then,  according  to  their  seat  of  action, 
two  classes  of  emetics  —  local  and  general. 

Emetics  do  not  operate  in  deep  narcosis.  A  large  dose 
of  morphin  may  be  utilized  in  dogs  to  prevent  the  vomiting 
of  irritant  drugs.  These  are  given  shortly  after  the  emesis 
produced  by  the  morphin  itself. 

11.  ENUMERATION    OF  EMETICS. 
Any  irritant  substance  may  act  as  a  local  emetic  when 
brought  in  contact  with  the  lining  of  the  alimentary  canal, 
and  especially  of  the  stomach.    The  number  of  irritant  sub- 
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stances  is  very  large  —  tliey  include  practically  everything; 
even  water  in  sufficiently  large  quantity  has  this  effect,  espe- 
cially when  warm,  and  is  indeed  used  as  an  adjunct  to  other 
emetics  (its  effect  being,  however,  largely  mechanical). 
Besides  the  substances  which  have  specific  irritant  proper- 
ties, those  otherwise  inert  may  irritate  by  their  salt  action  if 
they  are  soluble,  or  by  their  mere  presence  if  they  are  not. 

Of  course,  these  actions  are  in  very  many  cases  not  strong  enough 
to  produce  even  a  trace  of  nausea ;  nevertheless,  the  number  of  sub- 
stances which  may  produce  emesis,  either  by  their  local  or  general 
action,  affords  a  very  large  material,  the  greater  part  of  which  is 
valueless  for  practical  use,  since  vomiting  forms  only  one  factor  in 
their  action.  However,  it  has  been  possible  to  select  a  comparatively 
small  number  which  show  freedom  from  other  actions.  It  should 
further  be  said  that  very  many  of  the  substances  which  we  are  now  to 
consider  have  a  central  action  as  well  as  a  local  one.' 

Amongst  local  emetics  we  have:  i.  All  salts,  and  espe- 
cially the  metallic  salts.  Especially  Zinc  and  Copper  Sul- 
phate and  Tartar  Emetic  and  Ammonium  Carbonate. 

2.  Those  acting  on  muscles  or  centrifugal  nervous  mech- 
anism: Nicotin,  Morphin,  Pilocarpin,  Sanguinaria,  Phyto- 
lacca, Lobelin,  Muscarin.  Physostigmin,  etc. 

5.  Organic  irritants:  Ipecac,  Senega,  Mustard,  Quillaja, 
Digitalis,  SqniUi,  Quinin.  Carbolic  Acid,  etc. 

Of  general  emetics,  Apomorphin  is  the  main  representa- 
tive. 

III.  USE  OF  EMETICS. 

Emetics  are  used  for  two  very  different  objects:  to  pro- 
duce vomiting  or  to  produce  nausea.  The  same  drug  will 
accomplish  either  object,  according  to  the  dose,  the  dose  for 
nausea  being  about  one-tenth  of  the  emetic  dose. 

The  several  drugs  are  especially  adapted  to  one  or  the  other  pur- 
pose, and  it  is  well  to  make  a  selection  accordingly. 

The  indications  for  the  use  of  emetics  were  formerly  very  numerous 
and  general,  but  they  are  now  obsolete  except  for  very  definite  objects. 

1.  The  naoseant  stage  is  used  mainly  in  the  treatment  of 
catarrhal  conditions  and  coughs.  The  increase  of  secre- 
tions, especially  mucus,  is  the  desired  feature  in  this,  and 
they  are  only  useful  when  the  mucus  is  deiicient  or  thick  and 
tenacious. 
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vomiting,  the  milder  emetics  are  chosen,  and  unless  there  is  fever, 
those  having  the  least  depressing  action  on  the  medullary  centers. 

The  doses  given  are  calculated  to  be  repeated  every  two 
hours. 

The  most  important  amongst  these  are: 

Ipecac  (in  the  form  of  wine  or  syrup,  15  ni,  (i  c.  c),  or 
Dover's  powder,  2  grs.  (0.15  Gm,),  the  latter  also  useful 
on  account  of  its  diaphoretic  action). 

Saponin  (in  the  form  of  Syr.  Senegas,  3ss  —  2  c.  c): 
This  has  the  advantage  of  not  being  absorbed  and  hence  is 
less  depressing, 

Ammon.  Carbonate  (2  grs. —  0.15  Gm.) :  This  is  actually 
stimulating  and  on  account  of  its  alkalinity  tends  to  dissolve 
the  mucus. 

Tartar  Emetic  (i  gr. —  0.06  Gm.)  ;  This  is  much  more 
depressing,  and  if  long  continued  may  be  absorbed  and  pro- 
duce symptoms  analogous  to  arsenic.  Perhaps  the  best 
way  of  administering  it  is  in  the  Comp.  Syr.  Squills,  15  itL 

(l  C.C.), 

2.  Actual  EmejUi. —  (A)  The  indications  for  an  actual 
emetic  action  may  be  summarized  as  follows : 

1.  To  remove  solid  bodies  from  esophagus,  pharynx,  or 
upper  air-passages.  (If  the  obstruction  is  in  the  trachea, 
this  is  not  without  danger,  since  the  body  may  become 
lodged  in  the  glottis.)  Croupous  membranes  may  be  re- 
moved in  a  similar  manner.  Emesis  may  cut  short  an  at- 
tack of  asthma. 

2.  To  empty  the  stomach:  (a)  When  the  food  is  not  be- 
ing digested,  especially  after  overeating. 

(&)  To  remove  poisons:  This  is  of  especial  importance 
in  acute  poisoning  through  substances  administered  by  the 
stomach,  but  it  may  even  be  useful  when  the  poison  has 
been  administered  in  other  ways,  especially  in  the  case  of 
morphin,  when  the  poison  is  excreted  into  the  stomach. 
They  are  useful  in  the  same  way  in  chronic  intoxications, 
and  a  beneficial  action  which  has  been  claimed  for  them  in 
malaria  and  other  fevers  may  perhaps  be  partly  explained 
in  this  manner.  Ipecac  is  especially  useful  for  the  latter 
purpose,  since  it  also  produces  diarrhea. 

Their  use  in  acute  poisoning  may  often  be  replaced  by  the 
stomach-pump  and  by  lavage.     They  should  be  avoided 
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when  the  poisoning  is  due  to  caustics,  since  the  violent  com- 
pression is  apt  to  cause  rupture  of  the  weakened  wall  of  the 
stomach  (this  objection  is  perhaps  rather  theoretic).  In 
many  cases  the  poison  itself  causes  emesis,  so  that  further 
measures,  except  perhaps  warm  water,  are  unnecessary. 

3.  To  cause  compression  of  the  Iwer,  for  the  removal  of 
bile  and  small  gall-stones  from  the  gall-bladder  and  ducts : 
The  usefulness  of  this  measure  is  perhaps  doubtful;  since 
the  intestines  are  also  compressed,  the  added  vis  a  tergo 
cannot  be  very  effectual,  and  on  the  other  hand  it  might 
rupture  a  distended  gall-bladder. 

(B)  The  contraindications  to  emetics  are  mainly  due  to 
increase  of  pressure  and  to  debilitation,  and  are  as  follows : 

1.  Severe  heart-defects,  or  aneurysm  of  the  aorta,  since 
the  sudden  and  violent  increase  of  intrathoracic  and  intra- 
abdominal pressure  may  result  in  the  rupture  of  these  or- 
gans. 

2.  Atheroma.  The  sudden  changes  in  blood  pressure  are 
apt  to  burst  a  vessel  and  produce  apoplexy. 

3.  Similarly,  they  may  lead  to  hemorrhages  in  phthisis. 

4.  Abortion  may  result,  in  advanced  pregnancy. 

5.  Tendency  to  hernia. 

6.  In  all  debilitated  conditions  there  is  danger  of  col- 
lapse. 

7.  Caustic  poisoning. 

(C)  The  measures  most  commonly  adopted  to  produce 
emesis  are  the  following : 

1.  IVarm  Water,  Tickling  of  Fauces. —  These  do  not 
usually  act  as  emetics  when  the  stomach  is  normal;  but 
when  it  is  irritable  —  as  is  usually  the  case  when  emetics 
are  indicated  —  they  may  be  sufficient.  But  on  account 
of  their  uncertainty  they  are  usually  only  employed  to  aid 
the  action  of  other  emetics. 

2.  The  same  may  be  said  of  mustard  (a  teaspoonful  in  a 
cup  of  hot  water). 

These  means  (i  and  2)  do  not  cause  much  depression, 
but  they  act  slowly  and  are  uncertain ;  they  are  hence  of 
value  for  em^ptying  the  stomach  of  food,  etc.,  but  would  not 
be  indicated  in  poisoning  where  a  prompt  action  is  the  first 
requirement.  When  no  other  emetic  is  at  hand,  they  should 
of  course  be  tried, 

3.  Salts  of  Alkalies. —  A  concentrated  solution  of  any 
neutral  salt  may  cause  vomiting  through  irritation,  but  they 
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are  uncertain  and  have  no  advantage,  with  the  exception  of 
ammottium  salts.  These  have  a  stimulating  action  on  the 
medulla,  tending  to  counteract  the  depression  incident  to 
nausea;  they  should  be  used  whenever  the  depression  is 
especially  contraindicated.  Their  action  is  too  slow  and 
uncertain  to  be  of  use  in  poisoning.  Ammonium  carbonate 
has  the  additional  advantage  of  dissolving  mucus,  and  has 
its  special  indication  in  catarrhal  conditions.  It  is  given 
in  doses  of  lo  to  20  grs.  (i  Gm.)  in  solution,  repeated  until 
vomiting  occurs. 

4.  Metallic  salts. —  Those  in  practical  use  are  the  Sul- 
phate of  Copper  and  of  Zinc,  and  Tartar  Emetic.  The  last 
may  be  to  some  extent  absorbed,  and  is  then  very  de- 
pressing; it  is  also  very  slow,  so  that  it  may  be  doubted 
whether  it  is  ever  indicated.  Of  the  former,  the  preference 
is  given  to  the  copper  salt,  although  the  zinc  sulphate  has 
precisely  the  same  action.  They  irritate  in  a  specific  man- 
ner those  structures  in  the  stomach  which  set  up  the  vomit- 
ing reflex,  before  the  protoplasm  of  the  gastric  wall  has 
imdergone  any  noticeable  change.  They  are  not  absorbed 
so  long  as  the  mucous  membrane  is  intact,  and  are  hence 
quite  safe  Their  action  is  rapid,  so  that  there  is  no  time 
for  nausea.  The  depressing  action  is  also  small.  But  they 
produce  practically  always  some  irritation  of  the  gastric 
walls,  and  this  limits  their  use  to  such  cases  of  poisoning  in 
which  the  poison  is  not  injurious  to  the  stomach  itself. 
They  must  be  especially  avoided  when  there  is  reason  to 
suppose  that  the  mucous  membrane  has  been  injured,  since 
they  would  be  absorbed  in  this  case  and  cause  poisoning. 
Their  only  advantage  over  apomorphin  consists  in  a  less 
degree  of  nausea  and  depression.  Copper  sulphate  is  of 
especial  value  in  phosphorus-poisoning  if  any  of  the  poison 
is  still  in  the  stomach,  since  the  metallic  copper  is  precipi- 
tated and  forms  an  impermeable  coating  over  the  unab- 
sorbed  phosphorus  particles.  It  is  administered  in  about 
1%  solution,  5  grs.  (0.3  Gm.)  repeated  at  intervals. 

5.  Vegetable  irritants,  including  emetin,  saponin,  digi- 
talin,  etc.,  act  slowly  and  manifest  other  actions,  which  prac- 
tically limit  their  use  to  the  production  of  nausea.  Ipecac 
is  sometimes  used  as  an  emetic  (3j — 4  c.  c. —  of  wine 
every  fifteen  minutes)  ;  or  as  the  powder,  i  Gm.,  in  luke- 
warm water. 

6-  Of  atkaloidal  emetics,  not  local  irritants,  apomorphin 
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is  alone  used  in  practice.  It  is  indicated  whenever  a  prompt 
emetic  is  desired.  The  only  exception  is  formed  by  cases 
in  which  depression  is  especially  contraindicated ;  in  these, 
ammonium  carbonate  should  be  chosen  for  slow,  copper 
sulphate  for  quick,  action.  Apomorphin  is  the  only  emetic 
which  can  be  given  hypodermically,  and  must  therefore  be 
used  in  all  cases  where  swallowing  is  impossible.  It  is  used 
in  1%  solution  hypodermically,  in  doses  up  to  ^  grain  (o.ol 
Gm.)  (or  1  c.  c.  (15  minims)  of  this  solution). 


CHAPTER  XV. 


ACONITE;  VERATRIN;  COLCHICIN;  CARDIAC 
DEPRESSANTS. 

(A)  ACONITE  GROUP. 

I.  COMPOSITION,  ETC. 

Aconite  ushers  in  a  series  —  comprising  also  veratrin  and 
colchicin  —  characterized  by  widespread  and  confused  stim- 
ulation and  paralysis  of  nervous  structures,  both  central  and 
peripheral,  and,  in  addition,  by  a  peculiar  action  on  skeletal 
and  cardiac  muscle. 

'Aconite  itself  is  one  of  the  otdest  known  poisons.  It  was  employed 
(as  the  expressed  juice)  by  the  Greeks  and  Romans,  The  andent 
Chinese  and  Gauls  used  it  as  an  arrow  poison.  Its  therapeutic  use  is 
of  much  more  recent  date   (it  was  introduced  by  Storck  in  1762). 

The  isolation  of  its  toxic  alkaloids  (aconitins)  is  quite  a  recent 
achievement.  Their  preparation  in  pure  form  is  very  difficult,  as  they 
are  easily  decomposed  into  much  less  active  hydration  products.  The 
aconitins  are  esters  of  closely  related  bases  (aconins)  fnd  aromatic 
acids,  especially  benzoic  acid.     The  most  important  are : 

1.  Aconitin,  from  Aconitum  Napellus.  (It  is  a  benzoic  acid-aconin.) 
The  Japaconilin,  from  Ac.  Japonicum,  formerly  supposed  to  be  a  dis- 
tinct alkaloid,  is   now  generally  considered   identical  with  aconitin. 

2.  Pseudaconitin,  from  Ac.   Ferox. 

,1-  Deljihinin,   from   Delphinium   Staphisagria. 

The  first  and  second  seem  to  be  about  equally  active;  the  third  is 
considerably  weaker. 

The  exact  chemic  structure  and  composition  of  these  alkaloids  are 
still  quite  obscure.  They  agree  in  giving  hydration  products  which 
have  qualitatively  the  same  action,  but  are  the  weaker  the  more  they 
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s  already  only  V..  as  strong  a 

CH„NO„'  +  H,0  =  C»H»NO„  +  GH.O, 

Aconittn  Pikraconitin    Benzoic  Acid 

C:»H»NO„  +  H,0  =  C,,H«NO,.  +  CH.OH 
Pikraconiiin  Napcllin      Methyl  Alcohol 

C»H«NO„  +  H,0  =  CoHuNO,  +  GH.O, 
Napellin  Aconin       Acetic  Acid 

Commercial  "  Aconitins"  usually  represent  mixtures  of  vaiyinff 
strength,  some  being  a  hundred  times  more  active  than  others.  This 
enormous  variability  is  most  unfortunate  in  a  substance  of  so  great  a 
toxicity ;  and  several  fatal  accidents,  to  which  it  gave  rise,  have  led  to 
the  practical  abandonment  of  the  internal  use  of  aconitin  in  thera- 
peutics. The  tincture,  indeed,  gives  quite  satisfactory  results;  but  in 
regard  to  this  it  should  be  remembered  that  Ike  strength  of  the  U.  S.  P. 
tinclMre  has  been  reduced  from  35^  la  io% ;  and  that  it  is  still  twice 
as  strong  as  the  B.  P.  tincture. 

II.  SUMMARY  OF  ACTIONS. 

1,  Excitation  and  subsequent  paralysis  of  many  different 
nerve  endings  —  sensory,  motor,  and  secretory. 

2.  Excitation  and  subsequent  paralysis  of  certain  parts 
of  the  central  nervous  system. 

Aconitin  is  the  most  toxic  of  all  alkaloids,  and  is  only 
surpassed  by  some  of  the  toxalbumins  and  similar  sub- 
stances.    Three  millig^ms  are  fatal  to  man, 

III.  DETAILS  OF  ACTION. 

(A)  Peripheral. —  i.  The  first  effect  of  aconitin  —  whether 
on  local  or  systemic  administration  —  consists  in  a  local  irri- 
tation of  the  sensory  nerves  of  the  skin  and  mucous  mem- 
branes. When  applied  to  the  skin  in  watery  solution  it  has 
very  Httle  action,  since  it  cannot  be  absorbed;  but  if  it  is 
dissolved  in  oil,  it  causes  a  pricking,  itching,  and  burning; 
then,  similarly  to  cocain,  a  total  paralysis  of  sensation  to 
touch,  temperature,  pain,  etc.  Applied  directly  to  any  kind 
of  nerve-fiber,  it  destroys  its  irritability,  and  the  recovery 
from  this  is  quite  slow. 

These  skin  effects  also  follow  its  administration  by  mouth 
or  hypodermically,  but  in  the  former  case  are  preceded  by 
similar  phenomena  in  the  mouth.  There  is  the  same  ting- 
ling and  burning,  a  bitter-sour  taste,  and  disagreeable 
scratching  sensations  in  the  pharynx.  Other  mucous  mem- 
branes are  also  affected  and  give  rise  to  reflexes  (sneezing, 

<  Tbi*   formnlm  ii  not  uniieraally  accepted,   and   ii  given   facrc   aimply  u   sn 
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coughing,  salivation,  nausea,  vomiting,  etc.),  which  greatly 
•  complicate  the  picture  of  the  intoxication.  The  irritation 
is  in  all  cases  followed  by  anesthesia.  There  is  no  redden- 
ing or  other  sign  of  inflammation  (as  there  is  with  most 
local  irritants),  even  on  the  mucous  membrane. 


The  great  number  of  structures  irritated  when  the  drug  acts  from 
the  blood  would  favor  the  theory  that  ihe  stimulation  is  central;  but 
this  is  disproved  by  the  fact  that  the  action  is  first  seen  in  the  situation 
where  the  a  con  i  tin  is  applied. 

A  peculiar  and  characteristic  effect  of  aconite,  .a  chilly  sensation 
which  occurs  before  either  the  temperature  or  the  circulation  through 
the  skin  is  changed,  must  be  due  to  a  stimulation  of  certain  tempera- 
ture nerves,  and  is  of  interest,  since  aconitin  seems  to  be  the  only  drug 
having  this  action  from  the  blood,  although  possibly  some  bacterial 
poison  may  also  possess  it.  (Menthol  also  stimulates  these  nerves, 
but  only  on  local  application.) 


■   C,  >nhymogr.m. 


of  the 


A,   Carotid  preuure.  dog;    ■ 

dog;  ibowi  the  itagcs  0 
—    ■■■-  firti  Tine  i 


Stimulated,  both 


a.  The   aecretory   endlnga    in    general 
directly  and  reflexly. 

Striped  mUKic  shows  fibrillary  twitchings,  which  persist  after  sec- 
tions  of   the   nerves,   but   are   abolished   by   curare,    and   are   therefore 
caused    by    stimulation    of    the    endings.     Larger    doses    paralyze 
motor  endings,    Delphinin  has  even  been   recommended  as  a 
tute  for  curare  in  laboratory  work  on  frogs   (Schiller,   1904). 

(B)  Action  OB  the  Circulation.' —  Therapeutic  doses  of 
aconite  slow  the  heart  (Fig.  66  A),  and  thereby  lower  the 
blood  pressure.     The  pulse  consequently  becomes  soft  and 
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dicrotic  {Fig.  66  C).  The  slowing  (which  is  often  absent 
in  dogs)  is  due  to  stimulation  of  the  vagus  center;  for  it 
does  not  appear  if  the  vagi  have  been  divided. 

This  is  as  far  as  the  action  progresses  with  therapeutic  [loses. 
Toxic  doses  greatly  increase  the  force  and  especially  the  rate  of  the 
heart,  at  the  same  time  rendering  it  extremely  arythmic  (Fig.  66  B). 
The  beats  may  occur  in  groups,  as  with  digitalis.  The  heart  finally 
goes  quite  suddenly  into  delirium  cordis,  and  stops.  During  the  ear- 
lier stages  of  this  action  the  blood  pressure  is  extremely  variable, 
according  to  the  varying  force  of  the  heart,  and  the  successive  stimu- 
lation and  depression  of  the  vasomotor  center.  Toward  the  later 
stages,  the  pressure  drops   severely    (Matthews,   1837). 

These  cardiac  effects  are  due  partly  to  stimulation  and  depression 
of  the  vagus  and  accelerator  mechanisms,  but  mainly  to  direct  action 
on  the  cardiac  muscle :  the  excitability  of  the  latter  is  greatly  in- 
creased, somewhat  as  with  digitalis  (which  see).  The  quickening 
occurs  even  in  the  nerve-free  heart  of  the  embryonal  chick ;  in  mam- 
mals also  it  is  seen  after  all  the  nerve  endings  in  the  heart  have  been 
paralyzed  by  apocodein. 

The  isolated  mammalian  heart  (Hedbom-Langendorff)  shows  the 
following:  The  first  effects  are  inconstant:  the  frequency  is  then 
enormously  increased  and  amplitude  lessened  below  what  is  accounted 
for  by  the  quickening  (increased  irritability  and  weakened  muscle). 
Then  follows  a  transient  increase  of  amplitude  (muscular  stimulation), 
and  then  sudden  stoppage  of  left  ventricle  (paralysis  of  automatic 
property).  The  right  ventricle  and  the  auricles  make  a  few  more  con- 
tractions.    Caffein  may  start  a  few  beats. 

The  actions  of  aconite  on  the  frog'a  heart  are  very  interesting 
and  characteristic'  The  phenomena  are  usually  somewhat  as  in  Fig. 
67 ;  their  most  satisfactory  explanation  is  as  follows ; 

1.  Quickening,  from  stimulation  of  the  accelerator  endings  and  car- 

2.  Accelerator  paralysis,  beginning  stimulation  of  vagus  and  begin- 
ning paralysis  of  heart-muscle.  These  result  in  slowing,  and  finally 
stoppage  in  3.  In  4  the  vagus  stimulation  is  giving  place  to  paralysis, 
bnt  the  paralysis  of  the  cardiac  muscle  has  progressed  so  that  the 
beats  are  weak  and  irregular.  The  irregularity  may  take  various 
forms:  often  the  blood  is  pumped  from  one  side  of  the  ventricle  to 
the  other,  etc.  It  appears  that  the  force  of  the  heart  is  diminished, 
but  that  its  excitability  is  increased.  The  rhythmic  property  is  the  next 
to  give  out ;  in  consequence  the  heart  stops,  but  it  still  responds  to 
direct  stimulation.  This,  too,  is  finally  lost  through  paralysis  of  the 
muscle-fibers. 

Considering  the  number  of,  mechanisms  involved,  it  need  not  sur- 
prise that  (he  phenomena  are  not  always  typical,  as  here  described, 

(C)  Central  Keirom  SyBtem. —  The  central  actions  of 
aconite  appear  extremely  complex  if  it  is  attempted  to  study 
them  in  detail;  but  they  become  simpler  if  certain  general 
facts  are  borne  in  mind. 

The  central  nervous  system  is  affected  through  its  ivhole 
extent,  both  directly  a«cf  reHexly.     The  direct  action  pre- 

<Enrc!w  49  (Boehni,  1871). 
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dotHinales  and  is  mainly  paralysing.  The  action  is  exerted 
mainly  upon  the  medulla,  then  comes  the  cord,  and  lastly 
the  hemispheres.  Consequently  the  intelligence  remains  un- 
impaired as  a  rule,  but  there  may  be  unconsciousness  as  a 
consequence  of  collapse.  The  latter,  which  occurs  early,  is 
the  result  of  paralysis  of  the  medullary  centers.  Of  these, 
the  respiration  is  affected  early;  it  becomes  slowed,  diffi- 
cult, and  dyspneic.  This  is  partly  reflex,  from  stimulation 
of  the  vagus  endings  in  the  lungs,  etc.  Paralysis  of  the 
respiratory  center  forms  the  cause  of  death.     Of  other  med- 


ullary structures  the  vagus  and  vasomotor  centers  have 
been  considered. 

The  vomiting,  diarrhea,  etc.,  may  also  be  due  in  part  to 
direct  stimulation  of  the  centers,  but  are  largely  from  local 
irritation. 

Convulsions  occur;  their  seat  is  probably  diffuse.     The 
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temperature  falls,  both  in  health  and  disease,  but  this  is 
probably  an  expression  of  the  collapse  action. 

IV.  TOXICOLOGY. 
It  will  be  seen  from  the  above  that  the  picture  of  aconite- 
poisoning  must  be  a  very  complicated  one ;  the  whole  nerv- 
ous system,  central  and  peripheral,  being  affected,  in  no 
well-deBned  order,  in  two  diametrically  opposed  directions, 
the  result  must  be  extremely  variable,  and  can  be  under- 
stood only  by  bearing  this  diversity  in  mind. 

Accidental  poisoning  from  the  fresh  plants. —  which  as  monk's-hood 
or  larkspur  are  quite  common  in  gardens, —  as  also  from  liniments, 
etc.,  is  quite  frequent.  On  account  of  the  small  dose,  the  absence  of 
postmortem  signs,  and  the  difficulty  of  chemic  proof,  aconitin  has  re- 
cently become  quite  a  favorite  for  suicidal  purposes.  The  use  of  the 
plant  for  criminal  poisoning  is  widely  spread  in  the  East.  The  symp- 
toms are  so  unmistakable  —  especially  the  tingling  —  that  it  has  not 
found   many   users  in   civilized  countries. 

Symptoms. —  In  very  large  doses  death  may  occur  al- 
most instantly  —  probably  from  paralysis  of  the  heart.  In 
sublethal  doses  the  tingling,  the  slow,  weak,  and  irregular 
heart,  and  the  muscular  weakness  are  most  conspicuous. 
In  moderately  toxic  doses  the  following  picture  is  seen : 
Burning  in  mouth,  stomach,  and  skin;  excessive  salivation; 
nausea,  retching,  votmting,  and  diarrhea  (both  central  and 
reflex  effect).  The  burning  passes  into  anesthesia.  There 
is  great  restlessness.  The  fulsc  is  slow,  feeble,  and  arhyth- 
mic:  later  it  may  become  very  rapid.  Respiration  is  dysp- 
neic.  There  are  muscular  weakness,  inctmrdination.  ver- 
tigo. The  skin  is  cold  and  livid.  The  pupils  are  usually 
dilated,  from  the  asphyxia  and  convulsions.  The  intelli- 
gence does  not  usually  suffer,  but  there  may  be  stupor  and 
even  unconsciousness.  The  special  senses  and  speech  may 
be  impaired.  Convulsions  are  common.  Death  may  occur 
by  heart  paralysis,  but  more  often  by  paralysis  of  the  res- 
piratory center.  The  symptoms  may  appear  almost  in- 
stantly, and  are  rarely  delayed  beyond  an  hour.  In  fatal 
poisoning  death  occurs  usually  in  two  to  six  hours.  There 
are  no  constant  postmortem  changes. 

Treatment — The  usual  chemic  antidotes.  Emetics  are 
not  usually  necessary.  The  symptomatic  treatment  should 
be  mainly  stimulating  —  ammonia,  brandy,  strychnin,  attro- 


.dbyCoogle 


322  aconite;  veratbin;  colchicin.         ch.  xv. 

pin,  warmth,  and,  when  necessary,  artificial  respiration. 
The  chemic  tests  for  aconitin  are  of  no  value.  The  poison 
is  best  proved  by  its  pharmacologic  action  on  the  frog's 
heart,  by  the  sequence  of  quickening,  slowing,  quickening 
and  slowing.  (This  is  the  more  important  since,  in  a  legal 
case,  a  ptomain  was  isolated  which  gave  the  chemic  tests 
for  delphinin.  The  prickling  is  also  very  characteristic, 
Veratrin  is  the  only  other  substance  having  a  similar  effect. ) 
Aconitin  is  excreted  mainly  in  the  urine.  It  may  be  ab- 
sorbed from  the  intact  skin. 

V.  THERAPEUTICS. 

The  collapse  action  of  aconitin  is  so  strong  that  none  of 
its  other  effects,  except  the  local  anesthesia,  can  be  utilized. 
The  former  may,  however,  be  useful,  especially  in  short 
and  sthenic  fevers,  as,  for  instance,  in  colds  or  acute  rheu- 
matism; it  depresses  here  the  overaction  of  the  heart,  and 
promotes  sweating,  and  in  both  ways  tends  to  lower  the 
temperature.  Very  small  doses  should  be  employed  for  this 
purpose  —  3  drops  of  the  tincture  for  adults,  repeated  every 
hour  until  the  pulse  has  returned  to  normal.  It  should  be 
avoided,  just  as  all  other  depressing  agents,  in  long-con- 
tinued fevers,  such  as  typhoid. 

Its  anesthetic  action  has  already  been  discussed  under 
local  anesthetics  (p.  226),  and  it  will  also  be  considered 
under  counterirritants  (Chap.  XXIX,  E).  It  is  used  in 
the  form  of  liniments  (about  i  part  of  tincture  to  10  of 
the  liniment)  and  in  2%  ointment  of  the  alkaloid,  mainly 
in  neuralgias  and  rheumatism.  It  is  given  internally 
against  trigeminal  neuralgia. 

The  staphisagria  is  used  in  the  form  of  ointment  to  de- 
stroy pediculi. 

CARDIAC  DEPRESSANTS. 

Cardiac  depressants  may  be  defined  as  drugs  which  lower  the  activiiy 
of  the  heart.  They  may  do  so  either  by  weakening  the  cardiac  muscle 
or  by  stimulating  the  vagiis  mechanism.  The  former  is  done  by  large 
doses  of  almost  any  drug :  the  latter  is  alone  useful  therapeutically. 
A  slowing  of  this  kind  may  be  valuable  in  regulating  an  overstimulated 
heart ;  but  since  it  also  produces  a  fall  of  blood  pressure,  it  is  particu- 
larly useful  when  a  quick  pulse  is  joined  with  a  high  pressure  —  as  in 
sthenic  fever.  Quick  pulse  with  low  pressure  indicates  digitalis  or 
Strychnin,  which  act  on  the  vasomotors  as  well. 

The  most  useful  Cardiac  Depressants  are:  Aconite,  Spartein,  Vera- 
trin, Colchicin,   Potassium  Nitrate. 
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VI.  MATERIA  MEDICA. 


Aconitnin  {U.  S.  P.)  [Aconiti  Radix.  B.F.].— (AcontU,  Monk's- 
kood.  Wolfsbane.)  The  tuber  of  AcoHttum  Napellus,  Rauunculacese. 
Collected  in  autumn.  Europe,  Asia,  and  northwestern  North  America. 
(Other  species  contain  simiiar  priticiples.)  Frequently  cultivated  in 
gardens.     All  parts  of  the  plant  are  poisonous. 

Active  Constituents:  Aconitin  (not  less  than  o.S'^  U.  S.  P.)  and 
similar  alkaloids ;  resin,  fat,  sugar. 

Preparations    (made  with  ^  to  Yi   alcohol ;   become  turbid  if  mixed 
with  water,  but  this  does  not  destroy  their  activity)  : 

FUidextractum  Aconiti  (U.S.  P.).— 04%  aconitin.  Dose:  005  c.c. 
=  1  m,  U.  S.  P. 

Tinclura  Aconiti  (U.  S.  P.).— 0.045%  aconitin,  10%  of  drug  (for- 
merly 35%!)-  Dose:  o.i  to  1  c.c.  (2  to  15  ill)  (0.6  c.e.=  io  %, 
V.  S.  P.). 

Tinclura  Aconiti  (B.  P.).— 5%.  Three-fourths  alcohol.  Dose:  03 
to  I  C.C.   (5  to  IS  minims). 

AconltliM  (U.  5.  P.).— G.H.1NO,,  (crystalline);  sol.  3200  water, 
22  ale.  Dose:  0.15  mB.  =  '/">  gr.  (U.  S.  P.).  Maximal  dose,  0.3  tag. 
Its  internal  use  is  not  advisable. 

Aconilina  (B.  P.).— C»H«NOu  amorphous. 

Uttguenlum   Aconilina    (B,  P.).— 2%. 

SUphlugria  (U.S.  P.)  [SUphiugrlK  Semino,  B.F.].— {Slaves- 
acre,  Larkspur.)  The  seed  of  Delphinium  Stalihisagria  (other  parts 
of  the  plant  and  other  species  are  also  poisonous),  RanunculaceK. 
Temperate  zone. 

Constituents:  I>elphinin  and  similar  alkaloids;  fixed  oil,  mucilage. 
Dose:  0.06s  Gm.=    i  gr.  (U.S.P.). 


Prebarations , 

Ungtienlum  Siaphisagri<t  (B.  P.).— 10%.     Used  a  pai- — 

Fluidextractum   StaphisagriiB    (U.S.  P.). —  One-half  alcohol.    Dose 


tguenium  Siaphisagri<t  (B.  P.).— 10%.    Used  a  ;>arasilicide. 

.  .Aidexlraetum   Staphisa,  .-.'■—.       - - 

cc.=30  HI  (U.S.P). 

(B)  VERATRIN  GROUP. 

I.    MEMBERS,  ETC. 

The  various  species  of  veratrum  contain  at  least  ten  closelv  related 

alkaloids.    The  commercial  veratrln  is  a  mixture  of  alkaloids  ob- 


tained from  the  seeds  of  cevadllla  (Asagrza  officinalis,  U.  S.  P. ; 
Liliacex:  synonym,  Schoenocaulon  officinale,  B.  P.).  Mexico  to  Ven- 
ezuela. Veratrum  sabadilla  is  sometimes  substituted.  The  principal 
constituent  of  this  mixture,  and  the  bearer  of  its  physiologic  actions, 
is  cevadin,  CnHsNOt.  It  also  contains  the  veratrin  of  Wright  and 
cevadillin  (the  physiological  action  of  these  has  not  been  investigated)  ; 
and  sabadtH  and  sabadinin  (weak  actions). 

White  Hellebore  (Veratrum  Album,  Liliacex)  contains  as  its  main 
active  alkaloid  protoveratrin,  CoHuNO,,;  this  differs  entirely  in  its 
actions  from  cevadin :  the  contractions  of  muscle  are  shortened,  the 
height  being  increased,  but  fatigue  occurring  more  readily.  It  seems 
to  have  a  special  action  on  nerve,  prolonging  the  negative  variation. 
It  is  very  toxic.  Veratrum  also  contains  jervin  (weakly  active),  rubi- 
jervin  and  pseudojervin  (inactive),  protoveratridin  and  probably  oth- 
ers. White  hellebore  is  not  used  in  medicine,  but  is  employed  mainly 
as  an  insecticide  on  plants. 

Study  Materia  Medica,  Leison  26. 
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Oreen  Hellebore  (Veratrum  Viride)  contaii 
dojervin,  rubijervin,  veratrin,  and  veratralbin, 
tially  with  those  of  cevadin. 

Black  Hellebore,  Helleborus  niger,  is  in 
above  veratrum  species.  Its  active  principle, 
the  Digitalis  group. 

Zycadeoua  (Death  Camas),  Liliacex,  a  poison  plant  of  Western 
stock- ranges,  owes  its  toxicity  to  veratrin  bases,  closely  related  to  or 
identical  with  cevadin.  (It  contains  at  least  sabadin,  sabadinin  and 
veratralbin;  Slade,  1905). 

The  following  description  of  the  actions  of  Veratrin 
refer  to  the  commercial  alkaloid,  i.  e.,  to  cevadin.  These 
actions  agree  in  most  respects  with  those  of  aconitin ;  but 
veratrin  shows  in  addition  a  peculiar  effect  on  striped  and 
cardiac  muscle,  prolonging  its  contraction  and  tonus. 


II,  DETAILS  OF  ACTION. 
1.  Striped  UuiQle.' —  When  an  animal,  and  especially  a 
frog,  has  been  poisoned  with  veratrin,  it  shows  very  strik- 
ing peculiarities  in  its  movements.  It  can  contract  its  mus- 
cles with  ordinary  quickness,  but  it  cannot  recover  its  for- 
mer position  for  some  little  time.  The  cause  of  this  can 
be  demonstrated  on  isolated  muscle-nerve  preparations 
(iMgs.  68  to  71).  It  will  be  seen  in  these  that  the  ascent 
of  the  muscle  curve  is  as  abrupt  as  usual,  but  that  the 
relaxation  is  enormously  prolonged.  The  muscle  remains 
in  what  appears  to  be  complete  tetanus.     It  can  be  readily 
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shown,  however,  that  the  phenomenon  consists  in  a  sus- 
tained single  contraction. 

If  the  nerve  of  a  nonnai  muscle-nerve  preparation  is  laid  on  the 
veratrin  muscle,  a  single  shock  sent  into  the  latter  causes  a  single 
twitch  of  the  normal  muscle,  and  not  a  tetanus  as  would  be  the  case 
if  the  veratrin  muscle  were  really  tetanized. 

The  muscle  is  able  to  sustain  a  considerable  weight  throughout  its 
contraction ;  the  prolongation  of  the  curve  is  thereiore  not  due  to  a 
mere  loss  of  elasticity,  but  is  an  active  process.  This  is  also  shown 
hy  the  fact  that  the  formation  of  heat  and  the  use  of  material  is  in- 
creased.   The  tension,  the   height  and  quickness  of  contraction,  the 


irritability,  the  lifting  and  sustaining  power  of  the  muscle  are  alt 
raised  by  veratrin.  so  that  we  must  look  upon  its  action  as  an  increase 
of  functional  activity.     It  also  lessens  the  effects  of  fatigue. 

The  effect  of  veratrin  is  enhanced  by  agencies  which  stimulate  the 
muscle,  such  as  moderate  heat  {Fig.  68). 

It  is  diminished  by  depression  of  the  muscle,  produced  by  cold  or 
excessive  heat  (Fig.  68);  by  fatigue  (Fig.  69);  or  by  muscular  de- 
pressants, such  as  potassium  (Fig.  70)  or  ether. 

(If  the  veratrin  action  is  weak,  cold  increases  the  contracture,  prob- 
ably by  adding  its  own  contracture  to  that  of  the  veratrin.)  The 
action  of  veratrin  is  exerted  directly  on  the  muscle-cells ;  for  it  is  more 
marked  if  the  electrodes  are  placed  directly  on  the  muscle,  and  it 
occurs  equally  well  after  curare.  Large  doses  of  veratrin.  Indeed, 
paralyze  the  motor  endlag*,   without  previous  stimulation. 

The  application  of  veratrin  to  a  muscle  causes  a  slowly  developing 
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stimulation.    Large 


contracture,   even    in   the   absence   of  t 

doses  paralyze  all  forms  of  muscle  completely. 

Whilst  the  muscular  action  of  veratrin  can  be  studied  to  best  advan- 
tage on  frogs,  it  occurs  equally  on  mammals.  In  the  latter,  the  con- 
traction is  not  quite  smooth,  but  often  shows  two  to  four  elevations. 
This  is  due  to  variations  in  the  excitability  of  the  muscie-fiber  at  dif- 
ferent times.  The  muscles  of  frogs  poisoned  with  glycerin  respond  to 
single  stimuli  by  prolonged  contraction,  the  curve  having  a  superficial 
resemblance  to  that  of  veratrin,  but  being  rather  more  irregular.  The 
glvcerin  contraction  is,  hovjever,  a  true  tetanus,  due  to  greater  irritabili^ 
of  the  muscle  substance ;  the  action -current  of  each  contraction  suf- 
ficing to  start  another  contraction.  The  phenomenon  occurs  also  after 
curari^ation   (Santesson,  1903). 

Bottazil'i  ExplMnatlon  of  the  Veratrin>PbenomeRon. — The  pro- 
longed contracture  which  is  so  characteristic  of  veratrin,  is  by  no 
means  confined  to  this  alkaloid,  but  is  also  produced  by  Digitalin,  Hel- 
leborein,  Muscarin,  Strychnin,  etc.,  by  cold,  and  by  very  strong  electric 


stimulation.  This  vn'de  occurrence  signifies  that  the  phenomenon  is  of 
fundamental  physiologic  importance.  These  measures  also  prolong  the 
contraction  of  cardiac  and  smooth  muicle. 

A  careful  inspection  of  veratrin-curves  generally  reveals  two  con- 
tractions (Fig.  71):  a  primary  contraction  (a),  which  occurs  with  the 
normal  rapidity,  but  is  somewhat  higher  than  normal,  and  which  tends 
to  relax  quickly;  and  a  secondary  contraction  (b),  which  occurs  more 
slowly  and  lasts  longer.  The  two  contractions  are  more  or  less  fused. 
This  and  other  facts  have  suggested  to  Bottazzi  (1901)  the  following 
plausible  theory :  Muscle  cells  contain  two  contractile  elements,  the 
fibrillary  substance  and  the  sarcoplasm.  The  former  predominates  in 
skeletal  muscle,  the  latter  in  smooth  muscle :  cardiac  muscle  occupying 
an  intermediary  position.  The  fibrillary  substance  is  by  far  the  more 
excitable,  so  that  it  is  alone  stimulated  in  ordinary  stimulation  of  skel- 
etal muscle.  Its  contraction  and  relaxation  are  both  quick,  producing 
the  normal  muscle  tracing,  and  the  part  (a)  of  the  veratrin  curve.  The 
sarcoplasm  can  only  be  excited  by  very  strong  stimuli,  or  when  it  has 
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been  rendered  abnormally  sensitive.  It  has  a  longer  latent  period, 
and  its  contraction,  and  particularly  its  relaxation,  are  more  leisurely. 
Its  curve  resembles  that  of  smooth  muscle,  bf  which  it  forms  the  main 
element.  Bottazzi  assumes  that  the  effect  of  veratrin  and  the  allied 
drugs  consists  mainly  in  increasing  the  excitability  of  this  sarcoplasm; 
and  slightly  that  of  the  fibrillary  substance ;  the  main  part  of  the  vera- 
trin curve,  the  secondary  contraction  (b),  representing  the  contraction 
of  the  sarcoplasm.  The  effect  of  these  drugs  will  therefore  be  pro- 
portional to  the  quantity  of  sarcoplasm :  They  act  strongest  on  smooth 
muscle,  next  on  cardiac,  least  on  skeletal ;  as  to  the  latter,  they  act 
more  strongly  on  red  muscles  than  on  pale,  on  toad  than  on  frog;  on 
cold-blooded  animals  than  on  mammals ;  the  sarcoplasm  always  pre- 
dominating in  the  muscle  which  is  more  affected.  The  diversity  in 
the  form  of  the  veratrin  curves  can  be  readily  explained  by  this  theory. 
The  more  the  excitability  of  the  sarcoplasm  is  increased,  the  more  the 
two  contractions  will  tend  to  fuse,  and  (b)  overtop  (a).  If  the  con- 
tractility of  the  fibrillary  substance  is  raised,  as  by  neat,  the  two  curves 
become  more  sharply  separated  (Fig.  68). 

2.  Cardiac  Husole, —  The  action  is  very  similar  to  that  on 
skeletal  muscle,  consisting  in  a  quickened  contraction  and 
prolonged  relaxation.  The  frog's  heart  shows  the  same 
phenomena  as  with  digitahs :  the  ventricle  is  slowed,  with 
systolic  tendency,  irregular  and  peristaltic  contractions, 
systolic  standstill.     The  auricle  is  much  less  affected. 

The  isolated  mammalian  heart  ( Hedbom-Langendorff ) 
shows  a  primary  slowing  from  stimulation  of  the  peripheral 
va^s  mechanism ;  then  irregularity,  and  finally  paralysis 
of  the  cardiac  muscle,  precisely  as  with  digitalis, 

3.  Cironlation  in  Intaot  Animali. —  The  effects  of  vera- 
trin have  the  closestjesemblance  to  those  of  aconite.  They 
are  mainly  central.  Therapeutic  doses  slow  the  pulse  con- 
siderably, through  central  vagus  stimulation.  The  blood 
pressure  falls,  although  the  vasomotor  center  is  somewhat 
stimulated.  Larger  doses  paralyze  the  vagus  mechanism, 
so  that  the  heart  is  quickened ;  but  the  pressure  does  not 
rise,  the  vasomotor  center  being  also  depressed.  Very  large 
doses  quicken  the  heart  even  after  atropin,  indicating  a 
direct  stimulation  of  the  muscle.  The  other  central  effects 
(on  respiration,  etc.)  agree  practically  with  aconitin  (Fig, 
72).  In  rabbits  and  guinea-pigs  it  causes  a  peculiar  form 
of  (medullary?)  convulsions,  consisting  in  "  bucking " 
jumps.' 

4.  The  MMory  nerre  endingt  also  show  the  aconitin  action, 
and  even  more  strongly  than  with  the  latter  drug.  Sneez- 
ing and  coughing  are  prominent  symptoms.     The  prickling 
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and  smarting  are  followed  by  anethesia.  Protoveratrin 
causes  the  anesthesia  -without  the  preceding  irritation,  and 
thus  resembles  cocain. 

5.  Veratria  produces  vomitinB:  aad  diatrhea,  for  the  most 
part  probably  reflexly  by  acting  on  the  sensory  nerve  end- 
ings.    It  may  also  corrode  the  gastric  mucosa.* 

m.  TOXICOLOGY. 

Poisoning  by  veratrin  is  not  common.  It  presents  the 
following  lymptomi,  which  are  also  charactersitic  of  acon- 
itin :  Burning  in  mouth,  spreading  to  stomach ;  increased 
salivation,  vomiting,  diarrhea,  abdominal  pain ;  anxiety, 
headache,  giddiness ;  pupils  dilated ;  pulse  slow  and  feeble ; 
weakness,  twitchings  in  muscles.  Death  by  respiratory  and 
circulatory  collapse.  Consciousness  preserved  till  the  end. 
Postmortem  not  characteristic. 


rabbit    (lerer   method).     Upitroke    i 


In  non-fatal  doses,  the  symptoms  are  very  slow  in  disa^pearinK,  and 
a  double  case  of  slow  poisoning  by  continued  small  doses  is  on  record : 
The  two  patients  became  very  weak  and  thin,  suffered  from  bloody 
diarrhea,  insomnia,  disturbance  of  the  intellect,  and  delirium. 


The  treatment  is  the  same  as  in  aconite-poisoning  (see 
p.  321).  As  the  veratrin  is  rapidly  excreted  through  the 
urine,  it  is  well  to  administer  hot  tea  as  a  diuretic. 

IV.  THERAPEUTICS. 

It  has  been  used  after  the  manner  of  aconite,  to  secure 
the  reduction  of  temperature  by  artificial  collapse.     It  has 
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no  advantages.  Its  tocai  irritant  and  anesthetic  properties 
have  caused  it  to  be  used  in  neuralgia,  etc.  The  oleate  is 
best  adapted  to  this  purpose. 

V.  MATERIA  MEDICA. 

Veratram  (U.S.  P.).— Rhizome  and  roots  of  Verairtttn  viride 
(American  Hellebore)  or  Veratrum  Album  (White  Hellebore),  Lil- 
iacese.     North  America. 

Fluidexlractttm  Veratri  (U.  S.  P.).— Alcohol,  Dose:  o.i  c.c.  =  iW 
HI  (U.S.  P.). 

Ttnelura  Veratri  (U.  S.  P.).— I0%  Wrmerly  40%!);  alcohol. 
Dose:  0.5  to  1  c.c.  (7  to  30  ni)   (i  c.c,  =  is  ITI,  U.  S.  P.). 

Veratrina  (U.S.  P.,  B.  P.)— A  mixture  of  the  alkaloids  (usually 
obtained  from  plants  other  than  veratrum,  especially  Asagnea  offi- 
cinalis, U.  S.  P.).  Soluble  in  1750  water,  2.2  alcohol.  Dole:  2  mg. 
=  '/•.  gr.  (U.S.P.).  The  inttrnal  administration  is  not  advisable. 

OUatum  Veralrina  (U.  S.  P.).— 2%. 

Unguentiim  Veratrina  (U.  S.  P.).— 4%. 

Ungutntum  feralrina  {B.  P.).— 2%. 

(C)   COLCHICIN. 

This  and  another  very  similar  alkaloid,  colchlcein,  constitute  the 
active  principles  of  colchicum.  The  drug  has  some  theoretic  interest; 
and  a  toxicologic  importance  in  the  countries  where  it  is  indigenous. 
It  is  now  rarely  used   in  therapeutics. 

Colchicin  differs  in  certain  characters  from  ordinary  alkaloids,  but  its 
constitution  is  almost  unknown. 

Its  action  on  mammals  does  not  appear  for  a  considerable 
time,  even  after  intravenous  injection,  and  it  has  almost  no 
action  on  frogs.  The  reason  for  this  is,  that  it  is  not  the 
colchicin  itself  which  produces  the  symptoms,  but  an  oxida- 
ticm  product  —  oxy-di-colchicin  —  which  is  formed  from 
it  in  the  mammalian  organism, —  even  by  circulating  it 
through  excised  organs, —  but  does  not  seem  to  be  capable 
of  formation  in  the  frog's.  Once  formed,  whether  in  the 
above  manner  or  artificially  by  the  action  of  ozone,  it  is 
toxic  to  frogs  also. 

The  actions  on  the  sensory  endings  and  on  the  heart  are 
similar  to  those  of  aconite  and  veratrin ;  the  action  on  the 
central  nervous  system  is  almost  purely  depressant.  This 
is  in  part  secondary  to  the  eflfect  upon  the  abdominal  organs. 
Colchicum  causes  extremely  violent  and  quite  uncontrolla- 
ble vomiting  and  diarrhea  (Exercise  43). 

Postmortem,  the  mucosa  of  the  intestine,  especially  the 
large,  is  intensely  congested  and  often  ecchymotic.  Jacobj 
(1890)  ascribes  the  intestinal  effects  to  an  increased  irrita- 
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bility  of  the  intestinal  tract,  so  that  the  normal  impulses, 
which  ordinarily  keep  up  a  moderate  peristalsis,  now  pro- 
duce an  extremely  violent  one.  Other  pharmacologists, 
however,  assume  a  direct  irritation, 

TOXICOLOGY. 

The  lymptoms  of  colchicum-polsoning  do  not  appear  for 
some  time.  Once  they  set  in,  they  cannot  be  controlled; 
colchicum  is  therefore  one  of  the  most  fatal  of  poisons. 
The  symptoms  refer  primarily  to  the  digestive  tract ;  burn- 
ing pains  in  abdomen,  extremely  violent  vomiting  and  diar- 
rhea, stools  often  bloody.  For  the  rest,  they  are  those  of 
collapse,  consciousness  not  being  affected.  Death  occurs 
by  failure  of  respiration.  The  postmortem  appearances  are 
not  characteristic.  There  may,  as  has  been  said,  be  appear- 
ances of  injury  to  the  intestines  from  the  strong  peristalsis. 

The  treatment  of  poisoning,  besides  the  usual  alkaloidat 
antidotes,  must  be  symptomatic. 

THERAPEUTICS. 

It  will  be  seen  that  the  pharmacologic  actions  of  colchi- 
cum furnish  no  guide  to  its  rational  therapeutic  application. 
It  has  been  widely  used  on  empirical  grounds  against  gout 
and  rheumatism.  There  is  but  little  evidence  of  any  supe- 
riority over  aconite  or  purgatives,  and  its  uncertain  toxicity 
renders  it  so  dangerous  that  its  use  should  be  unhesitatingly 
condemned.  (However,  authorities  disagree  very  much  on 
this  point.) 

MATERIA  MEDICA, 

Colchld  Corrnna  (U.  S.  P..  B.  P.).—  The  corm  of  Cokhicum  autnm- 
nale  (Meadow  Saffron),  Liliacez,  Europe.    Colchicin  (at  least  a35%, 
U.S.  P.);  starch,  gum,  resin,  fat,  etc.    The  colchicin  is  contained  in 
alt  parts  of  the  plant.  ' 
Preparations: 

Extractum  Colehici  Cormi  (U.  S.  P.).— Made  with  acetic  acid;  pil- 
u!ar;  14%  eolchietn.    Dose:  0.065  Cm.  ^i  gr.,  U.  S.  P. 

Extract  Colch.  (B.  P.).— Made  from  the  fresh  corm.  Dote:  As 
the  preceding. 

Knam  Colehici  (B.  P.).— »%,    Dote:  0.3  to  a  c.c.  (5  lo  30  "l). 

Colchld  Semen  (U.  S.  P.,  B.  P.).— At  least  a55%  colchicin,  U.  S.  P. 
Preparations: 

Fluidexiraclum  Colehici  Semmis  (U.  S.  P.).— Two-thirds  alcohol: 
0.5%  colchicin.    Dose:  o,z  c.c.  =  3  "l   (U.  S.  P.). 

Tinclura  Colch.  Sent.  (U.  S.  P.).— 10%  IB.  P..  20%];  fS  alcohol; 
0.05%  colchicin.    Dose:  2  c.c.  =  30  n.  (U.S.P.). 
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Vin.  Colck.  Sent.  (U.  S.  P.).— io%.    Dose:  As  the  preceding. 
ColcUdiu  (U.S.  P.).— CaH.NOt    Sol.  22  water,  very  soL  in 
Dole:  0.5  mg.  =  Vu,  gr.  (U.S.  P.). 

Sludjr  Materia  Utdio,  Lcuon   3& 


CHAPTER  XVI. 

QUININ  GROUP. 

This  group  contains  certain  of  the  cinchona  alkaloids, 
especially  quinin.  The  others,  amongst  which  cinchonin 
and  cinchonidin  are  the  most  important,  are  rather  more 
convulsant;  but  they  have  not  so  far  been  sufficiently 
studied. 

The  group  differs  from  those  preceding  in  having  a  very  marked 
toxic  action  ufon  unspecialised  protoplasm,  an  action  which  exists  to 
tome  extent  m  probably  most  of  the  alkaloids,  but  is  generally  ob- 
scured hy  their  selective  action  on  muscle  and  nerve.  The  phenomena 
which  are  noted  with  quinin  are  those  of  slowly  dying  tissues  gen- 
erally ;  an  increased  functional  activity,  followed  by  a  diminution  or 
cessation  of  function.  On  the  whole,  the  paralyzing  action  is  with 
quinin  the  most  conspicuous  and  the  most  important  Large  doses 
may  produce  paralysis  directly,  without  preceding  stimulation. 

I.  SUMMARY   OF   ACTIONS. 

1.  A  toxic  action  upon  all  protoplasm,  and  an  inhibition 
of  ferment  action. 

2.  A  specific  toxicity  to  the  malaria  organisms. 

3.  A  diminution  of  heat-production  in  fever  by  direct 
action  on  the  heat-producing  foci. 

4.  A  depressing  action  on  the  central  nervous  system, 
preceded  by  an  obscure  stimulation. 

II.  DETAILS  OF  ACTIONS. 
1.  Oeneral  Toxicity —  The  toxic  action  on  protoplasm  may 
be  seen  on  lower  organisms  and  isolated  cells  of  all  kinds. 
It  acts  most  strongly  on  cells  possessed  of  ameboid  and 
similar  movement:  on  infusoria,  white  blood-cells,  ciliated 
epithelium,  spermatozoa,  insectivorous  plants,  muscle,  etc. 

A  solution  of  0.5  to  I  in  1000  is  sufficient  to  inhibit  the  movements 
of  leucocytes  on  the  warmed  slide,  and  a  somewhat  larger  dose  causes 
flieir  disintegration.    It  acts  in  this  manner  also  in  the  intact  organ- 
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ism  of  the  frc«  {Fig.  73).  When  the  mesentery  of  this  animal  is  ex- 
posed, leucocytes  in  active  motion  are  seen  inside  and  outside  of  the 
vessel  (Fig.  73,  a).  If  nuinin  is  now  applied,  the  movement  of  the 
cells  outside  of  the  blood  will  be  arrested,  whilst  those  in  the  blood 
stream  still  emigrate.  The  result  is  an  accumulation  of  cells  about  the 
vessel  wall  (Fig.  73  b).  If  the  quinin  is  injected  into  the  vessel,  the 
reverse  takes  place.  The  movement  of  the  cells  in  the  blood  is  arrested, 
preventing  emigration,  whilst  those  outside  do  not  come  into  contact 
with  the  poison,  continue  to  move  away,  and  leave  a  clear  lone  about 
the  vessel   {e).    This  action  does  not  occur  in  mammals,  since  the 


Fia  7].— Diignm  to  illiulrue  the  iclioa  of  quialn  00  Icucocrtci,  modiBed 
from  Bin.  ("Dm  W«en  der  Chininwirkung.'-  Berlin,  1868).  The  thick  Uoes 
reprucat  the  whUs  of  the  blood  vcuel,  ud  namerotis  leucocrte*  arc  shown  both 
innde  of  it  and  ouUide,  diilributed  Ihrouiih  tke  adioininB  ti*<"->  "  »nr>uiiH 
the  vewl  before,  and  b  after,  the  local  application  of  qwnia 
effect  of  quinin  injected  into  the  drculation  or  lyniphHc. 


necessary  dose  would  kill  the  animal.  It  is  stated,  however,  that 
quinin  diminishes  the  number  of  leucocytes  in  the  blood.  These,  and 
most  of  the  other  actions  of  quinin,  are  shared  by  other  alkaloids  and 
bitter  principles,  but  in  much  less  degree. 

a,  A  much  weaker,  but  none  the  less  certain,  action  is  seen  oa 
yeast  and  bacteria.    The  solution  must  contain  2  to  8  in  1000. 

3.  Striped  Muscle.— The  strength  of  the  individual  contractions 
may  be  increased  as  much  as  six  times  by  moderate  doses,  but  the 


muscle  is  much  more  quickly  fatigued,  so  that  the  total  work  is  less 
than  in  the  unpoisoned  muscle.  As  the  same  phenomenon  is  observed 
in  curariied  muscle,  it  must  depend  upon  a  direct  action  on  the  muscle- 
fibers.  Somewhat  stronger  doses  lower  the  contraction  from  the  start 
(Fig.  74).  Strong  solutions  produce  a  rigor  after  the  manner  of 
caffein'  (Santesson,  1892). 

4.  The  cardiac  muscle  in  the  fro^  is  slowed  by  i  :  5o<(kx>  solution 
and  weakened  in  its  contraction;  its  effectiveness  is  consequently 
diminished.  The  slowing  occurs  after  atropin,  and  is  therefore  mus- 
cular.   A  I  :  sooo  solution  kills  the  heart  in  a  few  minutes. 
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g.  MammaHwn    Circulation.— In   mammais  and   man  small  doges 

cause  first  a  qukktKtd  pulse  with  rise  of  blood  pressure. 

The  cause  of  the  former  is  still  under  dispute,  but  is  perhaps  central. 
The  rise  of  pressure  depends  mainly  upon  a  vasoconstriction,  but  the 
cause  of  this  is  also  still  undetermined.  It  may  possibly  be  due  to  a 
direct   stimulation  of  the  unstriped  muscles   of  the   blood-vessels. 

Larger  doses  (in  man,  from  i  Gm.  upward)  cause  a  fall  of  blood 
pressure  and  slowing  and   weakening  of  the  heart  from   the  outset. 

The  fall  is  due  in  part  to  vasodilatation.  The  slowing  and  weaken- 
ing of  the  heart  are  analogous  to  those  observed  in  the  frog.  It  is  seen 
in  the  excised  organ  (Langendorff  method).  In  this  it  often  causes 
irregularity,  but  may  regulate  the  heart  if  it  is  already  irregular. 

6.  Smooth  MuMle.— This  shows  no  marked  reaclion  to  quinin. 

But  this  is  not  sayingthat  quinin  does  not  act  upon  it,  for  a  slight 
action  on  smooth  muscle  is  not  easily  accessible  to  observation.  It  is 
certainly  not  very  strong;  the  most  likely  example  would  be  ils  action 
on  the  arterioles.  Contractions  of  the  spleen,  uterus,  and  intestines, 
which  may  sometimes  be  seen,  have  been  referred  to  such  a  direct 
action  on  smooth  muscle,  but  this  explanation  is  not  very  probable, 
since  these  phenomena  are  observed  in  only  a  very  small  percenta^ 
of  cases :  and  as  these  contractions  are  never  followed  by  paralysis, 
this  would  be  opposed  to  all  the  other  actions  of  the  drug.  No  ex- 
planation can  be  given. 

7.  Another  manifestation  of  the  toxic  action  of  quinin 
is  in  the  local  irritatioa  which  it  produces  at  the  place  where 
it  is  appHed.  When  given  hypodermically  it  gives  rise  to 
severe  pain,  and  may  lead  to  abscess  formation.  When 
given  by  the  stomach  it  causes  in  large  doses  gastralgia, 
nausea,  vomiting,  and  diarrhea.  It  also  retards  the  absorp- 
tion of  salts,  and  probably  of  food.  Its  excretion  through 
the  kidneys  may  give  rise,  with  large  doses,  to  albuminuria 
and  hemoglobinuria.*  And  it  seems  not  unlikely  that  a 
skin  eruption  which  is  sometimes  observed,  results  from 
the  irritant  effects  of  its  excretion  through  this  channel. 

8.  The  action  of  unformed  ferments  is  retarded  by  it. 
Evidences  of  this  antiferment  action  may  be  seen  in  many 
directions.  The  most  important  are :  Diminution  of  the 
oxygenating  power  of  blood  and  of  protoplasm;  slowed 
acidification  of  shed  blood ;  lessening  of  the  amount  of 
hippuric  acid  formed  when  benzoic  acid  is  circulated  through 
the  excised  kidney.  The  various  digestive  ferments  are 
hindered,  but  not  to  the  same  degree.  It  also  lessens  the 
glycogenetic  function  of  the  liver;  i.  e.,  the  postmortem 
transformation  of  the  givcogen  into  sugar  (Hoffmann, 
1877). 

9.  Effects  upon  D^ition — These  can  easily  be  deduced 
from  the  above  data :  It  hinders  the  action  of  the  ferments 

^The  hnnoslabinuria  of  msUria  it  often  attribuuble  to  the  quinin  uttd  in 
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and  absorption  of  the  digested  products.  A  favorable  ac- 
tion which  it  might  be  supposed  to  possess  as  a  bitter  is 
largely  counterbalanced  by  the  unfavorable  actions  men- 
tioned; consequently  the  utilization  of  food  tends  to  be  les- 
sened when  even  small  doses  are  used  continuously. 

10.  Effects  upon  KetatMlism. —  An  influence  upon  this  be- 
longs to  the  earliest  actions,  and  may  be  obtained  even  with 
doses  too  small  to  show  any  other  effect. 

From  its  toxic  action  on  protoplasm  one  would  expect  to 
find  first  an  increase  and  then  a  lasting  .diminution  of  meta- 
bolism, corresponding  to  the  increase  and  diminution  in 
functional  activity. 

This  is  indeed  what  is  seen  in  regard  to  the  excretion  of 
nitrogen.  There  is  first  a  slight  increase,  then  a  very 
marked  diminution,  which  may  reach  as  much  as  39%  with 
large  doses.  The  ratio  of  urea  to  nitrogen  is  not  altered 
by  moderate  doses  (Prior,  1884). 

One  would  be  tempted  to  ascribe  this  diminution  of  nitrogen  to  the 

diminished  utilization  of  food.  Although  (his  undoubtedly  plays  a 
part  in  it,  the  diminished  excretion  is  out  of  all  proportion,  so  that 
the  nitrogen  content  of  the  body  increases.  Large  doses  of  cinchoni- 
din  have  a  similar  action. 

This  marked  influence  upon  nitrogen  metabolism  is  in 
conspicuous  contrast  to  its  want  of  influence  upon  oxida- 
tion. The  quantity  of  O  absorbed  and  COj  given  off  is 
practically  unaffected  by  medicinal  doses  (up  to  1.5  Gm.). 
There  is  a  slight  increase,  but  not  more  than  can  be  ac- 
counted for  by  the  excitement,  chilliness,  etc.  The  abnor- 
mally high  gaseous  metabolism  of  fever  is  reduced  to  nor- 
mal by  quinin ;  but  this  is  probably  the  result  of  the  anti- 
pyretic effect  (Strassburg,  1874). 

These  effects  upon  metabolisin  are  of  great  importance  in  explaining 
the  effects  upon  temperature,  as  will  be  seen.  But  before  taking  up 
this  subject,  it  is  necessary  to  study  the  effects  upon  the  central  nervous 
system. 

11.  The  effects  upon  the  central  nervoTU  syitem  consist  in 
a  rather  slow  general  paralysis,  probably  preceded  by  stimu- 
lation ;  the  latter  is  rather  difficult  to  make  out  in  mammals. 

In  frogs  there  is  first  an  increased  reflex  irritability.  This  is  fol- 
lowed by  loss  of  spontaneous  movement,  then  paralysis  of  respiration. 
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and  lastly  of  the  cord,  the  phenomena  bearing  it  general  resemblance 
to  those  of  the  action  of  morphin  (see  p.  182). 

The  stage  of  stimulation  is  said  to  be  more  marked  with  cinchonin 
and  cinchonidin,  since  these  produce  convulsions.'  These  are  epilepti- 
form in  character,  but  their  seat  has  not  yet  been  definitely  located. 
Probably  they  are  not  confined  to  any  one  center.  In  other  respects 
these  alkaloids  agree  qualitatively  with  quinin. 

The  depressing  effects  upon  the  hemispheres  are  much  less  marked 
in  mammaU,  but  a  dimimihed  appreciation  of  pom  can  be  distinctly 
made  out,  and  upon  it  rests  the  employment  of  quinin  against  neuralgic 
and  Theumaiic  pains. 

One  of  the  most  constant  early  symptoms  of  larger  doses 
of  quinin  is  headache,  ringing  in  the  ears,  and  disturbed 
vision,  a  complex  of  symptoms  grouped  together  under  the 
name  of  cinchomsm.  These  are  not  due  to  any  action  on 
the  central  nervous  system,  but  to  local  changes. 

The  auditory  and  visual  phenomena  have  generally  been  referred  to 
local  circulatory  changes ;  The  retina  is  said  to  be  anemic,  whilst  ihe 
internal  ear  is  congested,  postmortem  (Kirchner).  Witlmaak  (1903) 
claims  that  this  congestion  is  not  due  to  quinin,  but  to  death,  and 
points  out  that  changes  of  blood  pressure  do  not  produce  deafness. 
On  Ihe  other  hand,  he  demonstrates  changes  in  the  cells  of  the  spiral 
ganglion,  by  the  Nissl  stain.  He  is  therefore  inclined  to  attribute  the 
auditory  effect  to  a  specific  toxicity  of  quinin  to  these  cells.  The  same 
origin  is  assigned  by  Altland,  1904,  to  the  visual  changes,  the  retina! 
cells  being  altered.  Cinchonism  is  very  subject  to  idiosyncrasy,  being 
much  more  easily  produced  in  some  individuals. 

With  Still  larger  doses,  there  are  photophobia,  deafness, 
and  blindness,  at  first  partial,  later  complete.  These  are 
probably  partly  central.  There  are  diMculty  of  speech,  con- 
fusion of  ideas,  somnolence.  Then  loss  of  consciousness, 
alternating  with  delirium,  coma,  and  at  times  convulsions. 

It  has  been  doubted  whether  the  latter  are  really  due  to  quinin  or 
to  the  accidental  presence  of  some  of  the  convulsant  cinchona  atka- 

General  paresis  may  appear,  preceded  by  general  depression  and 
muscular  weakness.  The  final  symptoms  are  those  of  collapse,  due 
to  general  paralysis  of  the  central  nervous  system,  and  in  part  also 
of  the  heart.  The  respiratory  center  shows  a  short  primary  stimula- 
tion with  following  more  marked  paralysis.  The  latter  is  the  usual 
cause  of  death.  But  since  the  medullary  centers  are  not  markedly 
affected  until  very  late,  quite  large  doses  are  often  survived.  The 
fatal  dose  is  usually  given  as  8  Gm.,  but  30  Gm.  have  been  recovered 

It  is  doubtful,  however,  how  much  of  this  really  entered  the  circula- 
tion, since  the  sulphate  is  very  insoluble,  so  that  a  large  amount  may 
not  have  been  absorbed. 

•The 
little  con- 
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The  peripheral  nerves  are  not  markedly  afFected,  except  the  poison 
be  applied  directly,  when  it  will  kill  them  just  as  other  protoplasm. 

12.  Efleoti  on  Temperature. —  When  the  temperature  it 
normal,  small  doses  of  quinin  cause  a  slight  rise.  In  some- 
what larger  doses,  but  not  sufficient  to  cause  a  marked  col- 
lapse, it  gives  an  insignificant  fall.  In  doses  which  pro- 
duce collapse  it  causes,  of  course,  a  marked  fall  of  tempera- 
ture through  this  condition  —  t,  e.,  by  lowering  the  circula- 
tion and  the  respiratory  exchange. 

In  hyperpyrexia  the  temperature  is  markedly  lowered  even 
by  moderate  doses.  This  antipyretic  action  is  not  as  pro- 
nounced as  with  the  antipyrin  and  salicylic  acid  groups. 

The  cause  of  this  reditclion  of  febrile  temperature  appears 
to  be  quite  complicated,  but  it  consists  mainly  in  a  dimin- 
ished heat  production  through  a  direct  action  on  the  heat- 
producing  foci.  It  could  conceivably  result  from  one  or 
more  of  the  following: 


Diminished 

Heat   Production;                       Increased  Heat  Loss: 

Direct  action 

n  heat- producing  foci.        Direct  action  on  vasodilator 
mechanism  of  skin. 

Indirect  action 
regulating 

on  heat  production  and  dissipation   through   thermo- 
centers. 

General  collapse  a 

Calorimetric  experiments  show  that  the  heat  production 
is  considerably  diminished,  whilst  the  heat  loss  is  not  greatly 
increased.  Consequently  quinin  acts  mainly  upon  heat  pro- 
duction. 

Quinin  produces  a  slight  dilatation  of  the  cutaneous  vessels,  which, 
since  the  general  blood  pressure  is  not  diminished  by  ordinary  doses, 
increases  the  heat  loss.  But  since  this  occurs  also  with  normal  animals 
whose  temperature  is  not  markedly  affected  by  quinin,  it  cannot  play 
a  very  important  role. 

Quinin  lowers  the  temperature  in  animals  in  which  the 
spinal  cord  has  been  divided.  Consequently,  its  action  is 
mainly  peripheral,  although  any  collapse  which  it  may  pro- 
duce would  also  express  itself  in  a  fall  of  temperature. 

The  evidence  so  far,  then,  indicates  that  the  action  is  a 
local  one  upon  the  heat-producing  foci;  and  this  is  indeed 
what  one  would  have  expected  a  priori. 
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The  most  important  seat  of  heat  production  is  in  the  muscles;  next, 
in  the  glands.  We  have  already  seen  that  quinin  at  first  increases  and 
then  diminishes  muscular  work,  and  it  is  not  unreasonable  10  suppose 
that  it  would  have  the  same  effect  upon  the  production  of  heat  in  these 
organs.  And  it  will  be  remembered  that  the  heat  production  of  the 
body  is,  in  accordance  with  this  explanation,  at  first  increased,  then 
diminished  by  it.  There  is  less  direct  evidence  in  regard  to  its  action 
on  glands  and  other  body-cells ;  but  when  the  general  depressing  effect 
upon  all  cells  is  remembered,  and,  further,  its  interference  with  fer- 
ment actions,  inside  and  outside  of  the  cell-body  — actions  which  play 
so  large  a  part  in  metabolic  processes  —  it  seems  very  reasonable  that 
the  general  metabolism,  and  in  consequence  the  production  of  heat, 
should  be  lessened  by  it  in  cells  other  than  those  of  the  muscle. 

We  find  a  direct  evidence  of  its  effects  upon  metabolism  in  the  ex- 
cretion of  nitrogen,  since  this  is  at  first  slightly  increased,  but  later 
largely  diminished.  But  here  a  difficulty  arises.  We  have  been  ac- 
customed to  look  upon  the  excretion  of  COt  as  an  index  cf  chemic 
changes  resulting  in  the  liberation  of  energy  and  consequently  of  heat; 
and  the  excretion  of  CO,  is  not  affected  by  quinin.  But  since  the 
calorimeter  shows  conclusively  that  the  production  of  heat  ii  dimin- 
ished by  it  in  fever,  this  interesting  fact  merely  forces  lis  to  the  con- 
clusion that  oxidation  is  not  the  only  source  of  heat;  that  heat  may 
also  be  liberated  by  other  changes  —  by  the  splitting  or  hydration  of 
nitrogenous  molecules,  in  the  course  of  which  the  nitrogen  is  converted 
into  urea:  and  that  these  changes  are  those  which  are  hindered  by 
quinin.  If  it  be  supposed  thai  this  form  of  heat  production  is  esoe- 
cially  prominent  in  fever, —  and  this  seems  quite  probable, —  the  fact 
that  quinin  acts  on  febrile,  and  not  on  normal,  temperature  is  also 
explained. 

13.  Action  on  Kalaria. —  The  specific  action  of  quinin  in 
this  disease  is  due  to  its  toxic  effects  upon  the  protameba 
causing  the  disorder. 

This  organism  is  especially  susceptible  to  it.  On  a  slide  a  i  :  10,000 
solution  immediately  arrests  the  movements  of  the  parasite,  and  similar 
phenomena  occur  in  the  body.  About  three  hours  after  the  adminis- 
tration of  quinin  by  the  mouth,  the  endoglobular  forms  of  tertian 
and  quartan  fever  become  immobile,  granular,  lose  (heir  nucleoli  and 
tbeir  affinity  for  certain  stains.  Several  hours  later  they  may  be  seen 
deformed  and  fragmented  (Lo  Monaco  and  Panichi,  1899). 

The  other  cinchona  alkalotds  have  a  similar,  but  much  weaker,  action 
on  the  protozoa. 

The  quinin  does  not  act  equally  on  the  parasite  in  all  the 
stages  of  its  development.  Its  strongest  action  is  upon  the 
forms  which  are  just  breaking  into  spores  (Fig.  75,  10), 
and  upon  the  free-swimming  organisms  ( 1 1 )  ;  it  is  much 
weaker  upon  the  older  segmenting  bodies  (7  to  9),  and 
least  upon  the  young  endoglobular  forms  ( i  to  6) . 

Since  the  latter  exist  in  the  blood  just  before  the  parox- 
ysm, and  their  sporulation  gives  rise  to  the  characteristic 
chill  and  fever,  at\d  since  quinin  does  not  act  upon  them, 
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it  will  not  be  effectual  against  the  oncoming  paroxysm. 
But  if  it  is  given  at  this  time  it  will  be  present  in  the  blood 
when  the  spores  are  liberated,  and  as  these  are  most  suscep- 
tible to  its  action,  it  will  kill  them  and  thus  prevent  the  de- 
velopment of  the  new  cycle  (providing  that  the  dose  has 
been  sufficiently  large) .  It  should  therefore  be  given  sev- 
eral hours  before  the  expected  paroxysm  so  as  to  allow  time 
for  its  absorption.  The  dose  should  then  be  quite  large: 
I  to  2  Gm.  given  two  to  three  hours  before  the  expected 
attack  (which  will  in  all  probability  occur),  or  0.3  Gm.  four 
to  five  times  a  day  in  the  interval;  0.5  Gm.  per  day  should 
be  continued  for  several  days  after  the  last  chill.     It  also 


Q(b® 


seems  to  act  as  a  prophylactic.  It  must  be  taken  continu- 
ously for  this  purpose,  since  it  is  quite  rapidly  excreted  — 
o.  I  to  0.2  Gm.  every  morning. 

III.  OTHER  THERAPEUTIC  USES  OF  QUININ. 
1.  Fevera. —  The  antipyretic  effect  of  quinin  may  be  used 
in  any  fever,  e.  g.,  typhoid ;  but  the  coal-tar  antipyretics  have 
largely  forced  quinin  out  of  this  field.  It  possesses  an  ad- 
vantage over  these  in  a  more  prolonged  action  and  in  less 
risk  of  collapse ;  but  it  does  not  take  effect  as  rapidly,  and 
the  large  dose  required — 0.3  to  i  Gm. —  produce  the  an- 
noying cinchonism.  This  can  be  greatly  lessened  by  giving 
it  with  a  bromid.  Another  unpleasant  side-action  seen  in  a 
few  individuals  consists  in  a  scarlatinal  dermatitis  or  urti- 
caria. It  is  said  that  this  is  abolished  by  atropin.  Like  the 
other  antipyretics,  it  is  most  efficient  when  the  temperature 
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has  a  natural  tendency  to  fall.  It  takes  about  two  hours  to 
act,  and  should,  therefore,  be  given  about  that  time  before 
an  expected  fall  of  temperature. 

Il  has  been  suggested  that  its  efficiency  in  fever  is  due  to  an  anti- 
septic action  on  the  blood.  This  is  not  the  case,  since  bacteria  are 
Tciy  resistant  to  it,  and  would  not  be  affected  by  it  in  the  concentra- 
tion in  which  it  could  exist  in  the  blood.  ' 

].  Splenic  Enlargement.^ — With  the  spleen  of  malaria  its  effect  is,  of 
course,  largely  indirect ;  but  good  results  have  been  claimed  for  it 
in  other  cases.  If  this  be  true,  they  could  perhaps  be  connected  with 
its  action  in  diminishing  the  number  of  leucocytes. 

3-  Ncnralglas  and  headaches  are  sometimes  benefited  by  its  use. 
The  cause  of  this  action  is  still  obscure.  It  may  be  due  to  its  general 
inalgesic  action.  Another  theory  which  has  been  suggested  is,  that 
these  neuralgias,  etc.,  are  due  to  the  presence  of  nitrogenous  waste- 
products,  and  that  quinin  acts  by  limiting  the  formation  of  these. 

1  Colds  are  frequently  treated  by  it,  in  doses  of  from 
o.o6  to  0.2  Gm.  (i  to  3  grs.).  When  it  has  any  effect  at 
all,  this  must  depend  upon  its  anodyne  and  antipyretic  ac- 
tions. 

5.  As  a  bitter  substance  it  may  act  as  a  stomachic  and 
cotisequently  as  a  tonic;  but  it  is  rather  inferior  to  other 
bitters,  since  its  continued  use  leads  to  an  impairment  of 
digestion  and  of  absorption. 

4.  Locally,  the  sulphate  has  been  used  as  dusting  powder 
in  ulcers,  as  antiseptic,  styptic  and  stimulant. 

IV.  METHODS  OF  ADMINISTRATION. 

The  administration  presents  some  little  difficulty,  since  on 
the  one  hand  certain  of  its  salts  are  very  little  soluble,  and 
the  others  have  a  very  bitter  taste. 

Small  doses  of  quinin  sulphate  or  hydrochlorid  may  be 
(asily  given  in  the  forms  of  pills  or  capsules ;  or  in  solution, 
the  taste  being  disguised  by  glycyrrhiza.  (No  acid  must 
be  prescribed  with  the  latter!)  The  tannate  or  the  pure 
alkaloid  may  also  be  given,  but  they  are  probably  less  effi- 
cient. Being  insoluble,  they  are  practically  tasteless,  and 
act  only  as  they  enter  into  combination  with  the  acid  of  the 
gastric  juice. 

Large  doses  of  quinin  sulphate  in  pills  or  powder  are  prob- 
ably largely  wasted,  since  they  are  not  dissolved  or  ab- 
sorbed; the  sulphate  requires  720  parts  of  water  for  solu- 
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tion.     The  hydrochlorid  is  more  soluble  (i    :  i8)  but  the 
bisulphate  is  the  best  (i   :  8.5). 

It  is  customary  not  (o  prescribe  the  bisulphate  directly,  but  the 
sulphate  brought  into  solution  by  the  addition  of  3  sufficient  quantity  of 
dilute  sulphuric  acid.  The  quantity  of  acid  should  be  rather  in  excess. 
If  it  is  only  just  stifficient,  some  sulphate  will  be  precipitated  on  the 
tongue  by  the  alkaline  saliva,  and  give  rise  to  a  very  persistent  after 
taste.  There  will  be  very  little  of  this  if  an  excess  of  acid  is  used 
and  the  mouth  rinsed  afterward. 

The  ordinary  quinin  salts  are  not  well  adapted  for  hypodermic  use 
on  account  of  their  irritant  action.  They  produce  pain,  indurated 
nodules,  and  sometimes  abscess  formation.  The  hydrochlorid  has  the 
property  of  forming  peculiar  soluble  and  non-irritant  compounds  with 
a  number  of  substances.  Three  parts  mixed  with  two  of  antipyrin 
was  formerly  used.  Recently  a  compound  formed  by  mixing  i  Gm. 
of  the  hydrochlorid,  0.5  Gm.  of  urethane,  and  2  c.  c.  of  water  has  been 
warmly  recommended.  The  quinin  is  liberated  from  this  compound 
in  the  body.  The  hypodermic  injections  have  the  advantage  of  secur- 
ing a  quicker  action.  They  are  made  deep  into  the  gluteal  muscles. 
This  compound  can  also  be  used  intravenously ;  but  the  possibility  of 
a  cardiac  action  enjoins  great  caution    (Gaglio,  1903). 


V.  ABSORPTION.  FATE  AND  EXCRETION, 

Quinin  is  fairly  readily  absorbed  from  the  stomach,  and  excreted 
promptly  by  the  urine.  The  excretion  begins  within  half  an  hour  afier 
taking  and  continues  fairly  rapidly,  hut  traces  may  be  found  for  sev- 
eral days.  Other  secretions  may  also  contain  it.  It  is  ordinarily 
stated  that  the  greater  part  of  the  quinin  is  excreted  unchanged;  but 
in  the  dog  86  to  88%  are  completely  oxidized  (Merkel,  1902).  In  the 
blood,  the  quinin  is  said  to  occur  mainly  within  the  red  corpuscles. 


VI.  SUBSTITUTES  FOR  QUININ. 

The  disadvantages  of  quinin  — the  bitter  taste,  cinchonism,  skin 
eruptions,  digestive  derangement,  idiosyncrasy,  etc. —  make  an  efficient 
substitute  for  the  alkaloid  very  desirable.  As  far  as  the  antipyretc 
effect  is  concerned,  quinin  may,  indeed,  be  entirely  displaced  by  the 
coal-tar  antipyretics,  but  these  are  for  the  most  part  inefficient  against 
malaria.  For  this  action  the  modification  must  be  introduced  into 
the  quinin  itself.  The  tannale  obviates  some  of  the  disadvantages, 
since  it  is  insoluble  until  it  reaches  the  intestine,  when  the  quinin  is 
slowly  liberated.  But  it  lacks  promptness  and  certainty  of  action.  A 
more  useful  product  is  obtained  by  converting  the  alkaloid  into  an 
ester,  as  in 

Euqulnin   { Qui nin-ethyl -carbonic  ester). 

Quinin  =  H.C:-H„N/>,  Euquinin  =  CO^^lgfJJ'^* 

This  product  is  stated  to  have  exactly  the  same  action  as  quinin, 
and  in  the  same  dotes,  but  to  be  tree  from  its  disadvantages.  Ii  is 
almost  insoluble  in  water,  and  therefore  practically  tasteless  and  free 
from  irritant  actions.  The  quinin  is  liberated  in  the  alimentary  canal 
by  the  decomposition  of  the  euquinin,  but  this  occurs  so  slowly  that 
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there  is  no  cinchonism.    The  decomposition  takes  place  more  steadily 
and  more  certainly  than  in  the  case  of  the  tannate. 

ArUtochin  (neutral  carbonic-ester  of  quinin)  and  SaliquitUn  (sali- 
cylic ester)  have  similar  properties  and  uses.  It  may  be  introduced 
into  the  phenetidin  molecule,  yjeidittB  a  product  (ChditaphemH)  which 
tombines  the  qualities  of  quinin  and  phenacetin  —  without  special  ad- 

Vir.  MATERIA  MEDICA. 

Clnchons  (U.S.P.,  B.  P.).— Peruvian  Bart  — The  bark  of  various 
specks  of  Cinchona  (Rubiaeeac).  They  must  contain  at  least  s^  <>* 
total  alkaloids,  and  at  lea^-  4%  of  anhydrous  ether-soluble  alkaloids 
(U.  S.  P.). 

Citichona  Rubra  <U.  S.  P.,  B.  P.).— The  bark  of  C.  tuccirubra. 

The  trees  yielding  cinchona  are  mdlgenous  to  the  mountainous  dis- 
tricts of  the  Andes  in  South  America,  at  a  height  of  3400  to  i,20O 
meters.  Trees  growing  below  this  level  contain  but  little  alkaloid. 
The  natives  were  acquainted  with  the  medicinal  value  of  this  "  tree 
of  health,"  and  the  bark  was  brought  to  Europe  by  the  early  explorers. 
It  received  its  name,  cinchona,  from  the  Countess  Chinchon,  who  was 
one  of  the  first  Europeans  to  receive  its  benefits. 

At  present  practically  all  the  barks  of  commerce  are  from  cultivated 
trees,  the  original  forests  having  been  largely  depleted.  This  cinchona 
cultivation  is  carried  on  in  a  number  of  subtropical  mountainous  coun- 
tries possessing  a  rather  moist  climate  ^especially  in  India. 

The  U.  S.  Pharraacopceia  does  not  discriminate  between  the  different 
species.  Between  thirty  and  thirty-six  of  these  are  recognized;  but 
many  are  probably  mere  variations  and  hybrids,  and  3  recent  author 
has  attempted  to  reduce  the  species  to  four,.  The  most  important  are: 
C.  Calisaya  (yellow  hark);  succirubra  (red  bark);  officinalis:  lancJ- 
folia ;  micrantna;  scrobiculata. 

The  alkaloidal  content  of  the  different  barks  varies  greatly.  It  has 
been  considerably  increased  by  cultivation,  some  samples  yielding  to 
13%  of  quinin.  The  alkaloids  are  contained  in  all  parts  of  the  plant, 
in  the  parenchymal  cells.  The  root  bark  contains  the  most,  then  comes 
the  ordinary  bark. 

The  eomlituenls  are;  Certain  acids  (quinic,  quinovic,  etc.);  Tan- 
nin, as  cinchotannic  acid  (2  to  4^),  which  yields  gtetn  color  with 
iron;  cinchona  red,  a  derivative  of  the  preceding  (both  are  glucosids); 
gum,  wax,  resin,  etc. 

A  very  large  number  of  alkaloids  have  been  isolated;  many  of  these 
nndoubtedly  arise  in  the  course  of  the  manipulations.  The  most  im- 
portant are  in  italics: 

Quinin^  Quiniiin.  Quinicin. 

Qttinarnin.  Conquinamtn,  Quinamidin,  Quinamicin, 

Cinehonin,   Cinchanidin,   Cinchonicin,   Homocinchonicin. 

(Those  on  a  line  are   isomeric.) 

When  the  crystal  I  izable  alkaloids  have  been  separated  from  cin- 
chona extracts,  evaporation  of  the  mother  liquor  yields  a  brown  ex- 
tract, Ckinoidin  (Quinoidin),  which  contains  amorphous  alkaloids; 
mainly  Di-cinchonicin  and  Di-quinidin, 

*Cuprea  Bark,  from  Remija  pcdunculata,  Rubiaceae,  contains  for  the 
most  part   the   same   alkaloids,   but  no  cinchonidin.     It   is   used   in   the 

Preparations. —  These  have  no  advantage  over  quinin,  and  since  they 
are  incompatible  with  iron,  and  the  alcoholic  preparations  also  with 
water,  the  alkaloid  should  be  preferred. 
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;  30%  = 
a7S%  alk.    Dou:  4  c.c.  =  i3  (U.S.  P.). 

Infusum  Cinchona  Acidum  (B.  P.). —  5%.  Contains  a  small  pro- 
portion of  aromatic  sulphuric  acid     Dose:   30  c.  c  =  I   oi. 

TinclMra  Cinchona  Comfotila  (U.S.  P.,  6.  P.).— 10%  of  Red  Cin- 
chona; Bitter  Oranjje,  Serpentaria.  Doie:  2  to  10  c.c.  (J4  to  3 
drachms). 

The  above  preparations  contain  glycerin  and  66  to  80%  of  alcohol. 

'Tinctura  Cinchona  Detannaia,  N.  F. —  The  official  tincture  with  the 
tannin  removed  by  iron. 

*  Elixir  Cinchona  and  Elixir  Cinchona  Delannalum,  N.  F.,  contain 
3%  of  Cinchona,    Doie:  ad  libitum. 

*  Elixir  Quinina  Composilvm,  N.  F. — (A  substitute  for  cinchona.) 
0.2  quinin  sulphate,  o.i  cinchonidin  s.  1  o.i  cinchonin  s.;  in  100  c.c 
Aromatic  Elixir. 

Alkaloids  «nd  their  Salt*.— Their  dose  is  0.03  to  t.5  Gm.  ('A  to 
25  grs.)  [0.03  to  0.05  as  tonic;  O105  to  0.25  for  colds;  i.o  in  malaria] 
(0.25  Gm.=4  gr,  U.S.  P.). 

I  part  is  soluble  in 
water  alcohol 

a6 
SO.  +  7H,0...      as  18. 

Qu.HBr  +  H.0    40  067 

Ou.Ha+2H,0    i&  a6 

D.  +  H,0...      77.  n. 

_    ,      _       Qu.,H,S0.-l-7H,0....  720.  86. 

Cinchonidinte  Sulplias:    C„HbN.O)..H,S0. 

+  3H/D    63-  72- 

Cinchoninie    Sulphas:    (C»H»N,0)..H,SO. 

+  2H,0  58.  10. 

Preparations: 

Oleatum  Quinina  (U.  S.  P.).— 2$% 

Ghirit«m\  ^'^-  C"'"'"'^  "  Strychnina  Phosphatum  (U.S.P.).- 
(See  Index.) 
The  N.F.  Elixirs: 

*  Elixir  Quininse  Compositum ;  Elixir  Quiniiue  et  Phosphatum  Com- 
positum ;  El.  Cinchonx  el  Ferri ;  El.  Cinch.,  Ferri,  Bismuth,  et  Strych. ; 
El.  Cinch,,  Ferri,  et  Bismuth ;  El.  Cinch.,  Ferri  et  Calcii  Lactophos- 
phatis ;  El.  Cinch.,  Ferri,  et  Pepsini ;  El.  Cinchonse,  Ferri,  et  Strychn. ; 
El.  Cinchonae.  Pepsini,  et  Strych.  All  contain  0.4%  of  cinchona  alka- 
loids.    (Teaspoonful^o.ai6.)     Dose:  4  to  8  c.c. 

A  favorite  way  of  giving  quinin  for  malaria  in  India  is  in  the  form 
of  IVarburg's  Tincture —  *  Tinctura  Aniiperiodica,  N.F.  This  con- 
tains 2%  of  Qumin  Sulphate  (each  tablespoonful^o.3  Gm.)  and  car- 
minatives (rhubarb,  aloes,  camphor,  and  aromatic  drugs)  which  prob- 
ably aid  in  the  absorption  of  the  quinin. 

Warburg's  Pills.— *  Pilula  Aniiperiodica,  N.  F.,  contain  the  same  in- 
gredients in  solid   form.     (The  pill   form  is  quite  irrational.)     Each 
pill ^4  c.c.  of  the  tincture. 
Synthetic  Products: 

'  Euguiniti  (Quinin  Carbonic  Ester).— White,  tight,  fleecy  powder 
of  crystalline  needles.  At  first  tasteless,  then  a  faint  bitter  taste. 
Almost  insoluble  in  water,  soluble  in  alcohol  and  fat  solvents.    Decom- 
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posed  by  adds.  Administered  in  powder,  pills,  or  suspended  in  milk, 
ID  the  same  dose  as  quinin;  should  be  given  earlier  before  the  ex- 
pected attack. 

*Saiochimn  (Quinin  Salicyl   Ester)    resembles  the  above,  but  also 
develops  the  action  of  salicylates. 

■  Not  official. 


CHAPTER  XVII. 
SERIES  OF  COAL-TAR  DERIVATIVES. 

The  former  high  price  of  quinin  caused  chemists  and  pharmacol- 
ogists to  look  about  for  cheaper  efficient  substitutes.  It  was  attempted 
to  make  quinin  or  similar  substances  synthetically,  departing  from 
quinolin,  one  of  the  decomposition,  products  of  quinin.  Whilst  this 
search  did  not  result  in  an  artificial  quinin,  nor  even  of  any  substance 
analogous  to  it  in  action,  it  brought  to  light  a  very  large  number  of 
substances,  in  some  respects  even  more  valuable  than  the  alkaloid 
itself,  and  served  to  direct  attention  to  the  pharmacologic  significance 
of  the  derivatives  of  the  aromatic  series,  or,  as  they  are  more  com- 
monly called,  of  coal-tar. 

It  was  found  that  all  the  simpler  compounds  built  up  from  the 
benzol  nudeus  ('with  a  very  few  exceptions)  possess  certain  physiologic 
actions  in  common,  as  follows: 


Snmmary  of  Common  Actioiu  of  Coal-tar  DeriTatiTea; 

Central  Actions:  i.  Stimulation,  followed  by  more  pro- 
nounced depression  of  the  entire  central  nervous  systenn, 
but  particularly : 

2.  An  antipyretic  action  on  the  heat-centers,  and 

3.  An  analgesic  action  in  neuralgias. 

Local  Actions:  4.  A  coagulant,  irritant  and  toxic  effect 
on  all  forms  of  proteid  and  protoplasm  —  on  tissue  cells, 
bacteria,  and  ferments. 

5.  A  quinin  action  on  all  forms  of  muscle. 

6.  Lo^I  anesthesia. 

7.  The  formation  of  methemoglobin. 

The  actions  are  exerted  in  a  different  manner  and  to  a 
different  degree  by  the  several  members  of  the  series,  mainly 
in  two  directions,  so  that  two  groups  can  be  made  out, 

(A)  Antipyretic  Group. —  This  is  distinguished  by  the 
predominance  of  the  action  on  the  heat-regulating  center. 

(B)  Antiseptic  Group,  characterized  by  a  much  more 
marked  local  action  on  protoplasm,  which  determines  the 
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usefulness  of  the  members  as  antiseptics.  The  effect  upon 
the  thermic  center  passes  much  more  readily  into  general 
collapse  than  with  the  former  group. 

Relation  to  Quimn.— It  will  be  se«n  that  the  action  of  the  series 
agrees  in  a  general  manner  with  that  of  quinin,  the  principal  dif- 
ference lying  in  the  degree  in  which  the  different  actions  are  exerted. 
In  the  antipyretic  group  the  principal  effect  is  upon  the  heat- regulating 
center ;  in  the  antiseptic  group  it  is  upon  the  protoplasm,  and  is  so 
violent  that  it  produces  necrosis  locally  and  collapse  centrally.  Quinin 
has  both  these  actions  in  a  less  pronounced  degree,  producing  its 
main  effects  by  a  mild  paralyzing  action  on  protoplasm.  On  the  other 
hand,  none  of  the  coal-tar  products  possesses  the  specific  anti-malarial 
power  of  quinin. 

(A)  ANTIPYRETIC  GROUP. 

This  comprises  all  those  coal-tar  products  in  which  llie  antipyretic 
action  is  therapeutically  the  most  important  Those  which  are  used 
mainly  as  antiseptics  but  which  also  possess  antipyretic  properties 
(such  as  guaiacol  or  the  salicylates)  will  be  considered  under  the 
antiseptic  group. 

The  antipyretics  can  be  arranged  in  five  chemic  groups, 
which  are,  with  their  most  typical  members :  ( i )  Pyrazol 
derivatives:  Antipyrin;  (2)  Anilin  derivatives:  Acetanilid; 
(3)  Phenetidin  derivatives ;  Pkenacetin;  (4)  Phenylhydra- 
zin  derivatives:  Antithermin;  (5)  Quinolin  derivatives: 
Tkallitt,  Quinalgen.  (The  chemistry  of  these  compounds 
is  discussed  later.) 

I.  DETAILS  OF  ACTIONS." 
1.  Action  on  Temperature.* —  The  effect  upon  the  normal 
temperature  is  slight,  just  as  in  the  case  of  quinin,  and  may 
result  in  a  small  rise,  unless  with  doses  sufficiently  large  to 
produce  a  marked  collapse  action ;  but  febrile  temperature 
is  in  most  cases  reduced  to  normal,  or  even  below,  by  even 
moderate  doses. 


Mechanism  of  the  Antipyretic  Action.-.-  This  has  been  investi- 
gated mainly  on  rabbits  rendered  hyperpyrelic  by  puncture  of  the 
corpus  striatum.  Calorimelric  experiments  show  that  the  reduction 
of   temperature    is   accomplished   mainly   by   increased   heat-lost.     This 

'  Untcta  olberwiK  Mated,   tbe  d«sciiplioa  appliea   lo  all  the  meaben  of  the 
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might  occur  through  an  increased  production  of  sweat,  or  by  exposing 
a  larger  amount  of  blood  to  the  cooling  influence  of  the  surroundings 
by  dilatalioH  of  the  culaneoui  vetsels.  In  the  case  of  this  group  it  ta 
accomplished  mainly  by  the  latter  means. 

The  dilatation  can  be  plainly  shown  by  the  plethysmograph.  And 
since  the  reduction  occurs  even  after  atropin,  which  suppresses  the 
secretion  of  sweat,  the  latter  is  not  essential.  The  vatodiialalion  is 
confined  to  the  cutaneous  vcstelt,  and  this  is  important,  since,  if  the 
blood-vessels  in  the  remainder  of  the  bodi/  were  also  dilated,  the  cir- 
culation  through  the  skin  would  be  diminished  rather  than  increased. 
This  limitation  of  the  vasodilatation  to  the  region  concerned  with  the 
r^julation  of  temperature  also  points  to  the  central  action. 

There  is  also  some  diminution  of  the  heat  production  by 
limitation  of  the  metabolism.  When  the  temperature  of  an 
animal  is  normal,  the  members  of  this  group  have  no  very 
constant  or  marked  effect  upon  nitrogenous  metabolism. 
Acetanilid  increases  the  excretion  of  nitrogen;  larger  doses 
of  antipyrin  (2  or  3  Gms.)  cause  a  small  but  unmistakable 
decrease  in  both  gaseous  exchange  and  nitrogen  excretion. 
In  fever,  however,  all  the  coal-tar  antipyretics  produce  a 
marked  decrease  of  gaseous  and  nitrogen  metabolism ;  but 
this  comes  on  after  the  fall  in  temperature  has  set  in,  and 
must  be  regardeid  as  an  effect,  and  not  a  cause,  of  this  fall. 
The  metabolism  is  always  abnormally  high  in  hyperpyrexia, 
and  removal  of  the  latter  brings  with  it  a  decrease  in  the 
former, 

Antipyrin  and  the  other  drugs  of  this  group  act,  then, 
upon  the  heat-regulating  center  when  the  temperature  is 
abnormally  high,  and  cause  its  reduction  to  or  near  normal. 
by  increasing  the  heat  loss. 


This  action  most  be  conceived  as  a  restoration  of  the  centers  to 
their  normal  pitch.  Numerous  facts  go  to  show  that  in  fever,  as  well 
as  in  health,  the  center  exerts  a  regulating  influence;  but  the  tem- 
perature which  it  strives  to  maintain  is  an  abnormal  one. 

There  is  a  peculiar  difference  in  the  susceptibility  of  dif- 
ferent fevers  to  antipyretic  drugs ;  High  continuous  fevers 
react  least,  those  of  an  intermittent  type  being  most  amena- 
ble; and  with  these,  again,  the  greatest  effect  is  produced 
when  the  action  falls  into  the  period  of  the  natural  decline 
of  temperature. 

Sometimes  antipyretics  may  even  produce  a  "  paradoxical 
action  " —  a  rise  in  temperature. 

2.  The  action  on  the  i^mainder  of  the  central  nerroos  fy«- 
tem  consists  in  stimulation,  followed  by  paralysis.     We  can 
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distinguish  a  narcotic,  a  convulsant,  and  a  collapse  effect, 
these  passing  insensibly  into  each  other. 

(A)  A  slight  narcosiB  —  a  diminished  sensibility  to  pain 
and  perhaps  a  very  slight  degree  of  somnolence  —  may  be 
seen  with  all  antipyretics,  and  enhances  their  usefulness. 

TTiis  analgesic  effect  is  most  pronounced  in  neuralgia  and  head- 
ache. It  is  produced  by  all  members  of  the  group,  as  also  \rf  sali- 
cylates, quinin,  etc.  Unlike  the  analgesia  produced  by  morphin,  it  is 
not  effective  in  other  forms  of  pain.  The  mechanism  of  this  actioo 
has  not  received  any  satisfactory  explanation,  but  it  seems  likely  that 
it  rests  on  a  vasomotor  action  on  the  intracranial  (nteningial)  circu- 
lation (Wiechowski,  1903). 

Acetanilid,  antipyrin,  and  phenacetin  have  proved  beneficial  in  dia- 
beies  insipidus;  according  to  a  number  of  clinical  observers  («.  g., 
Hirschfeld,  1904).    The  mechanism  of  this  action  is  quite  obscure. 

(B)  After  the  narcosis,  and  before  the  depression  of  the 
remainder  of  the  central  nervous  system,  come  the  convul- 
sant effects. 

The  seat  of  these  convulsions  is  probably  diffuse,  but  they  appear 
to  start  first  in  the  brain.  They  are  intermittent  in  character,  and  are 
preceded  by  increased  reflex  irritability.  They  are  rarely  seen  with 
the  antipyretics. 

(C)  Following  this  there  is  unconsciousness,  collapse, 
and,  finally,  total  paralysis.  The  pulse  is  first  accelerated, 
then  slowed.  The  respiration  becomes  dyspneic  and  then 
diminished.  There  are  sometimes  vomiting  and  dilatation 
of  the  pupils.  The  skin  is  cyanotic  and  covered  with  cold 
sweat. 

This  collapse  action  is  strongest  in  the  mother  substances  —  aniltn, 
<luinolin,  phenetidin,  phenylhydrazin,  and  carbolic  acid,  and  generally 
in  the  members  of  the  antiseptic  group ;  so  strong,  indeed,  that  the 
action  of  these  cannot  be  controlled,  and  they  are  hence  unfit  for 
internal  administration. 

Of  the  more  usual  antipyretics,  acetanilid  produces  prob- 
ably the  strongest  collapse  effects;  then  come  antipyrin, 
phenacetin,  and  lactophenin,  in  the  order  given.' 

This  collapse  —  produced  by  large  doses  of  the  drugs 
themselves  —  must  not  be  confounded  with  a  collapse  some- 
times appearing  after  small  doses  in  fever,  and  due,  not  to 
the  drugs,  but  to  the  reduction  of  the  temperature.     We 

9  ertn  been  alMorbed  (root 
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deal  in  these  cases  with  a  collapse  which  really  pre-existed, 
but  which  was  masked  by  the  hyperpyrexia.  An  elevation 
of  temperature  produces  effects  in  certain  ways  antagonistic 
to  those  of  collapse,  and  may  hide  this  condition.  On  re- 
moving the  stimulus  of  the  high  temperature,  the  hidden 
collapse  will  of  course  become  apparent.  It  would  do  so 
not  only  after  the  administration  of  antipyretic  drugs,  but 
also  if  the  temperature  were  reduced  by  cold  baths  or  any 
other  means. 

8.  The  peripheral  actions  of  the  antipyretics  are  com- 
paratively weak. 


<A)  They  may  produce  some  local  irritation  of  the  stomach,  result- 
ing in  vomiting;  but  this  action  is  much  less  pronounced  than  in  the 
case  of  quinin.  Even  those  members  which  are  almost  insoluble  pos- 
sess a  sharp  warm  taste. 

(B)  The  antiieptlc  action  of  the  antipyretics  is  not  very  strong. 
They  are,  however,  sometimes  used  as  antiseptic,  astringent,  and 
hemostatic  dusting  powders  (acetaniUd;  or  antipyrin  in  5%  sterilized 
solution).    They  are  less  poisonous  and  less  irritating  than  iodoform. 

(C)  All  drugs  of  the  coal-tar  series  act  more  or  less  upon  the 
blood,  inside  of  the  body,  producing  methenioglobiii,  and  in  larger 
doses  causing  a  disintegration  of  the  corpuscles.  This  action  is  much 
more  pronounced  in  the  mother- substances  —  anilin,  phenylhydrazin, 
etc. —  and  in  the  antiseptic  group.  It  leads  to  a  peculiar  cyanosis, 
and  contributes  to  the  collapse.  It  is  peculiar  of  this  group  tiiat  the 
methemoglobin  formation  p.-oceeds  much  more  weakly  in  shed  blood 
than  it  does  in  the  body.  The  usual  antipyretics  may  be  grouped, 
as  regards  this  action,  in  the  following  manner: 

I.  Medium  doses  merely  render  the  oxj[gen  of  the  Oxyhemoglobin 
less  labile :    Antipyrin  and  Phenacetin  and  their  derivatives. 

3.  Medium  doses  cause  the  formation  of  methemoglobin  inside  of 
the  corpuscles,  without  destroying  these :    Thallin,  Kairin,  Ex- 

3.  Medium  doses  are  apt  to  cause  methemoglobinemia  with  destruc- 
tion of  the  corpuscles:  Acetanilid,  Benzanilid,  Formanilid,  Py- 
rodin,  Chrysarobin,  Pyrogallol. 

(D)  Striped  maccle  shows  a  somewhat  increased  efficiency  on 
direct  stimulation,  and  a  weak  curare  action. 

(E)  The  heart  is  first  accelerated,  and  later  slowed.  This  is  due 
to  direct  action  upon  the  heart  muscle.  The  vasomotor  center  is  not 
affected  by  moderate  doses  (with  the  exception  of  the  part  con- 
trolling the  cutaneous  vessels  through  the  thermal  centers).  In  ctm- 
se^uence,  the  blood  pressure  depends  solely  upon  the  cardiac  action, 
being  at  first  increased  and  later  diminished.  In  doses  producing 
collapse  there  is  paralysis  of  the  vasomotor  system,  and  consequent 
fall  of  blood  pressure. 

4.  Side-«ctionfc — The  reduction  of  temperature  by  these 
antipyretics  is  apt  to  be  accompanied  by  certain  side-actions 
which  may  become  dangerous  if  the  dose  be  too  large,  or 
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if  the  person  be  especially  predisposed  to  them.  They  vary 
quantitatively  to  a  considerable  extent  in  different  individ- 
uals, and  even  with  the  same  person  at  different  times. 
They  may  be  referred  for  the  most  part  to  the  central  ner- 
vous system,  the  most  frequent  being  excessive  sweating, 
chills,  cyanosis,  skin  eruptions,  digestive  disturbances,  symP' 
toms  resembling  cinchonism,  and  collapse. 

The  sweating  is  due  to  the  increased  circulation  through  the  skin, 
and  is  produced  in  the  same  manner,  and  has  the  same  significance, 
as  the  critical  sweat  of  fever.  It  must  be  looked  upon  as  beneficial 
rather  than  otherwise,  since  it  aids  the  reduction  of  temperature.  But 
should  it  become  too  troublesome,  it  can  be  suppressed  by  small  doses 
of  atropin. 

The  cutaneous  hyperemia  is  perhaps  also  responsible  for  the  skin 
eruptions.    They  are  particularly  frequent  after  antipyrin. 

The  tendency  to  this  eruption,  as  also  to  a  stomatitis  which  is  often 
seen,  increases  with  the  repeated  use  of  ihe  drug, 

Phenyihydnuin  produce  very  similar  local  actions  on  the  skin  (ec- 
zema erylhematosum  and  papulosum)  and  on  the  alimentary  cana) 
(gastroenteritis) . 

The  chills  occur  when  the  temperature  begins  to  rise  again, 
and  are  due  to  a  diminished  circulation  through  the  skin,  just  as 
the  chills  of  malaria.  They  are  not,  therefore,  to  be  attributed  to  the 
drugs,  but  are  rather  a  sign  that  the  action  of  the  antipyretic  has 
worn  off. 

Gastric  symptoms  are  due  to  local  irritation,  but  are  not  frequent. 
Cinchonism  symptoms  are  very  rare,  but  have  been  reported.  The 
cyanosis  is  due  to  the  methemoglobinemia. 

The  collapse  is  the  most  dangerous  complication.  As  has  been  said, 
this  is  usually  due  to  the  fall  of  temperature,  and  where  there  is  rea- 
son for  supposing  ihe  existence  of  such  a  masked  collapse,  when  the 
fever  is  of  a  markedly  asthenic  type,  great  caution  should  be  used  in 
reducing  the  temperature,  whether  by  drugs  or  by  any  other  means. 
The  production  of  collapse  is  most  frequent  in  menstruating  women. 
The  cause  of  this  is  not  understood. 

It  has  often  been  stated  that  the  antipyretics  paralyze  the  heart. 
This  is  more  than  doubtful  with  ordinary  doses.  The  belief  probably 
resulted  from  the  moderate  slowing  which  is  always  prodtKtd.  partly 
as  a  direct  effect  upon  the  heart  muscle,  but  mainly  as  the  result  of  the 
lowered  temperature. 

Renal  irritation,  varying  from  slight  diuresis  without  histolo^c 
change,  to  violent,  desquamative,  hemorrhagic,  parenchymatous  nephri- 
tis, may  be  produced  by  all  coat-tar  derivatives.  There  is  not,  how- 
ever, any  dant;er  of  nephritic  lesions  from  ordinary  doses  of  the 
antipyretics.     Thallin  produces  a  peculiar  papillary  nejihritis. 

Chronic  Poisoning. —  The  continued  use  of  acetanilid  ("'headache- 
powders  ")  has  occasionally  caused  the  development  of  a  drug  habit, 
with  craving  and  withdrawal  symptoms.  An  individual  predisposition 
appears  to  be  necessary,  for  the  condition  is  relatively  rare ;  bnt  it 
should  be  guarded  against  in  the  administration  of  the  drug.  The 
sjmptoms  of  chronic  acetanilid  poisoning  consist  in  methemoglobine- 
mia (chocolate-colored  blood)  with  the  histologic  blood  changes  of 
pernicious  anemia:  marked  leucocytosis.  Cyanosis:  cardiac  weakness; 
progressive  mental  and  physical  debility,  Methemoglobin  may  also 
appear  in  the  urine.     (D,  D.  Stewart,  1905.) 
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5.  Dosage  and  Choice. —  On  account  of  the  possibility  of 
a  direct  collapse  action  if  the  dose  is  relatively  large,  the 
antipyretics  must  be  administered  with  care. 

In  general,  it  may  be  said  that,  from  the  smallest  effective 
dose  (0.2  Gm.  for  acetanilid,  0.5  to  0.7  Gm.  for  antipyrhi 
or  phenacetin),  the  extent  of  the  antipyretic  action  increases 
with  the  dose  of  the  drug,  until  the  normal  temperature  has 
been  reached.  Up  to  this  point  there  is  practically  no  dan- 
ger of  a  direct  collapse  action.  But  if  the  dose  necessary 
to  secure  this  result  be  exceeded,  the  toxic  effects  will  set  in. 

The  average  antipyretic  dose  may  be  stated  as  OS  Gm.  (7  grains) 
of  acetanilid;  o.S  Gm.  (lo  grains)  of  phenacetin;  i.2  Gni.  (zo  grains) 
of  antipyrin.  In  beginning  the  treatment,  this  dose  has  to  be  repeated 
once  or  twice,  with  an  hour's  interval,  until  the  normal  is  reached. 
After  this,  the  single  dose  is  repeated  whenever  the  temperature  be- 
gins to  rise.  Four  or  five  doses  are  required  per  day  to  keep  the 
patient  practically  fever-free.  The  action  does  not  persist  after  the 
drug  is  excreted,  and  consequently  the  administration  must  be  con- 
tinuous, in  the  manner  indicated.  Those  antipyretics  which  are  rapid- 
ly excreted  (as  is  phenocoli)  are  therefore  less  useful. 

In  regard  to  details,  and  in  determining  the  choice  of  the  particular 
ntbstance  to  be  used,  experience  is  the  best  guide.  The  same  holds 
here  as  in  other  cases:  Very  much  more  can  be  accomplished  by  any 
one  drug  that  is  thoroughly  understood  by  the  user,  than  can  be  done 
with  a  number  of  drugs  with  which  he  has  had  only  limited  experi- 


6.  Aburptioii  and  Ezoretion. —  The  coal-tar  antipyretics 
are  rapidly  absorbed  and  excreted.  They  are  for  the  most 
part  decomposed  in  the  body,  but  the  benzol  ring  is  not  at- 
tacked. The  derivatives  are  excreted  as  paired  compounds 
with  sulphuric  and  glycuronic  acid  (see  below).  The  oxi- 
dation products  often  give  a  smoky  color  to  the  urine ;  this 
may  also  be  tinged  with  methemoglobin.  Ferric  chlorid 
colors  the  urine  red  after  antipyrin,  reddish  brown  after 
acetanilid.  The  active  anilin  and  phenetidin  derivatives 
(acetanilid,  phenacetin,  etc.)  are  oxidized  to  paramidophe- 
nol  (C0H4.NH2.OH),  which  is  excreted  mainly  as  a  paired 
compound.     The  urine  gives  the  indophenol  reaction.' 

TTie  treatment  of  poisoning  by  overdoses  of  the  antipy- 
retics is  the  same  as  for  collapse  from  other  causes  —  stimu- 
lants, heat,  etc.  (see  Aconite). 
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II.  THERAPEUTIC  USES. 
We  have  already  touched  upon  their  slight  narcotic  and 
local  antiseptic  action.     Their  principal  use  is  in  the  reduc- 
tion of  fever  temperature.    The  entire  therapeutics  of  fever 
may  be  summarized  in  this  place. 

TherapeutlcB  of  Fever. —  The  treatment  of  fever  has  always  been 
tinctured  by  the  views  which  have  successively  prevailed  concerning 
its  nature.  When  fever  was  considered  mainly  as  a  subjective  con- 
dition, attention  was  directed  principally  to  the  sensations  of  heat 
and  thirst,  and  there  arose  the  class  of  refrigerantt,  including  the 
dilute  mineral  acids  (see  Chapter  XXVI,  B).  They  are  useful  even 
now,  esp«cially  carbonated  dnnks,  in  conjunction  with  other  treat- 
ment. Since  the  alkalinity  of  blood  is  diminished  in  fever,  the  or- 
ganic acids  are  also  useful  in  this  connection,  since  they  tend  to  make 
the  blood  more  alkaline. 

As  physical  observation  came  more  into  fashion,  the  quickened  pulse 
of  fever  fixed  the  attention  of  the  clinicians,  and  it  was  attempted  to 
combat  all  the  conditions  of  fever  by  slowing  the  pulse.  The  so-called 
class  of  cardiac  dtpreaants  came  into  vogue.  They  include  substances 
acting  in  various  ways: 

Aconite  and  verairin,  producing  vagus  stimulation  and  general  fall 
of  blood  pressure.  Digitalis,  producing  a  slowed  heart,  but  height- 
ened blood  pressure,  Nauseants,  as  tariar  emetic,  acting  secondarily 
through  the  nausea.  Potassium  salts,  which  have  a  direct  action  on 
the  heart. 

It  does  not  need  great  acumen  to  perceive  that  remedies  with  ac- 
tions so  diverse  could  not  be  successful  if  employed  indiscriminately 
in  all  cases  of  fever.  Some  have  still  a  place  in  rational  therapeutics, 
but  only  when  used  for  special  indications:  Acottite  offers  advan- 
tages over  the  antipyretics  if  the  fever  is  of  a  short  high  type; 
digitalis,  if  the  heart  is  very  irregular.  Whether  nauseants  and  po- 
tassium are  ever  indicated  against  fever,  as  such,  is  very  doubtful. 

When  the  thermometer  was  introduced  into  medicine,  and  it  was 
recognized  that  an  elevation  of  temperature  was  the  tiest  index  to 
febrile  conditions,   antipyretic   measures  came  into  prominence. 

The  theoretically  possible  ways  In  which  drugs  may  reduce  tempera- 
ture have  been  discussed  previously.  Practically,  they  are  reduced  to 
the  following: 

1.  Lowering  of  the  constant  of  the  the rmo- regulating  center  (coal- 
tar  antipyretics). 

2.  Lowering  of  heat  production  by  action  on   foci   (quinin). 

3.  Dilatation  of  cutaneous  vessels  (with  consequent  diaphoresis) 
(aconite,  nauseants,  diaphttretics,  alcohol). 

4.  Collapse  action   (aconite,  veratrin). 
To  these  could  be  added : 

5.  Removal  of  heal  by  mechanical  means  (cold  baths,  effusions,  or 
pack). 

Methods  2,  3,  and  4  are  discussed  elsewhere. 

In  regard  to  the  application  of  antipyretic  measures  in 
fever,  it  is  essential  to  bear  in  mind  that  they  have  no  direct 
effects  on  fever,  except  upon  the  temperature. 
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Exceptions  to  this  general  statement  are  the  actions  of  quinin  in 
malaria,  of  salicylates  in  acute  articular  rheumatism,  of  cinnamic  acid 
in  tuberculosis,  and  the  analgesic  action  of  the  coal-tar  products. 

For  the  rest,  they  strike  neither  at  the  cause  of  the  fever  nor  at 
any  symptoms  other  than  those  resulting  from  the  hyperpyrexia.  They 
make  the  type  of  the  disease  neither  less  severe  nor  shorter. 

In  malaria,  e.  g.,  antipyretics  may  prevent  the  development  of  a 
paroxysm  of  fever;  but  they  do  not  attack  the  cause  of  the  disease 
as  does  quinin ;  for  their  effect  is  not  lasting,  nor  does  their  continued 
administration  lead  to  a  reduction  in  the  size  of  the  spleen. 

They  are  a  symptomatic  and  not  a  specific  mode  of  treatment. 
And  symptomatic  treatment  must  always  he  carried  on  with  great 
care,  lest  more  harm  than  good  should  result.  But  where  it  is  not 
possible  to  attack  the  cause,  it  is  often  advisable  to  remove  objection- 
able symptoms.  The  question  then  is,  May  a  reduction  of  fever  tem- 
perature bt  useful?  It  must  be  borne  in  mind  that  hyperpyrexia  is 
often  a  protective  mechanism.  This  is  shown  by  the  onset  of  collapse 
in  certain  cases,  if  the  stimulus  of  the  high  temperature  be  removed. 
Also,  bacteriologic  research  has  shown  that  with  most  bacteria  the 
optimum  temperature  for  development  is  confined  within  very  narrow 
limits,  which  are  exceeded  by  the  temperature  of  fever.  The  tendency 
of  fever  may  perhaps  be  said  to  be  useful  in  all  cases,  but  as  a  matter 
of  fact  it  usually  leads  to  more  damage  than  good.  The  cells  of  the 
mammalian  organism  are  not  adjusted  to  work  under  the  conditions 
of  so  hif^  a  temperature.  It  is  detrimental  to  them  as  well  as  to 
the  bacteria,  and  sometimes  more  so.  Its  effects  (for  a  fuller  descrip' 
tion  see  first  edition,  pages  391  to  395)  consist  in  lassitude  and  enerva- 
tion, in  general  discomfort,  restlessness,  irritability,  and  delirium.  The 
respiration  and  heart  are  quickened.  The  metabolism,  and  especially 
the  elimination  of  nitrogen,  is  greatly  increased.  This  leads  to  ema- 
ciation, diminished  alkalinity  of  blood,  degeneration  of  important 
organs,  etc.  All  these,  joined  perhaps  to  a  deleterious  action  of 
the  increased  metabolic  waste- products,  produce  a  condition  highly 
detrimental  to  the  patient.  These  conditions,  in  so  far  as  they  have 
not  already  passed  into  permanent  anatomic  changes,  are  promptly 
and  totally  removed  by  restoring  the  normal  temperature.  Measures 
for  this  purpose  are  therefore  indicated  whenever  these  symptoms 
arising  from  hyperpyrexia  become  very  pronounced,  and  unless  there 
are  special  contraindications.  They  should  not  be  used,  for  instance, 
if  there  is  ground  for  suspecting  a  masked  rallapse.  Nor  are  they  of 
any  use  in  high  continued  fevers. 

Antipyretic  measures  of  this  kind  are  mainly  cold  baths  and  the 
coal-tar  antipyretics,  and  these  have  their  respective  drawbacks  and 
advantages.  The  chief  advantage  of  cold  baths  lies  in  the  fact  that 
there  is  no  danger  of  a  direct  collapse  action ;  hut  there  is  no  need 
for  this  danger  with  antipyretics  if  their  dose  he  properly  adjusted. 
The  latter  save  the  patient  the  exertion,  discomfort,  and  shock  of  a 
cold  bath.  As,  in  the  case  of  baths,  the  temperature- regulating  mech- 
anism is  not  adjusted  to  normal,  the  patient  experiences  all  the  ordinary 
effects  of  an  attempt  to  reduce  the  temperature  below  normal :  chills, 
cyanosis,  etc.;  and  the  metabolism  is  increased  rather  than  dimin- 
ished. The  action  of  the  ehemic  antipyretics  is  also  more  pronounced 
and  lasting  (Fig.  76).  and  their  analgesic  action  is  of  marked  value 
in  influencing  the  subjective  condition  of  the  patient.  In  regard  to 
this  narcotic  action,  antipyrin  and  aeetanilid  are  about  on  a  level ;  they 
are  surpassed  by  pbenacetin.  This  action  is  especially  useful  when 
the  fever  is  associated  with  delirium. 

The  objections  to  cold  baths  are  very  greatly  lessened  if  tepid  baths 
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are  used.  These  are  not  so  much  antipyretic  as  stimulant,  improving 
the  blood  pressure,  digestion,  and  sleep.  They  increase  the  nitrogen 
excretion.  It  has  been  shown  that  cold  baths  cause  a  considerable 
rise  of  blood  pressure  in  acute  fever,  whereas  camphor,  caffein,  stro- 
phanthus,  ether,  or  alcohol  are  generally  inefFectual  in  this  condition. 
As  to  the  chemical  anlipyrelicj,  the  theory  has  been  advanced  that 
they  interfere  with  the  natural  protective  bodies  of  the  serum.  It  has 
been  shown,  however,  that  this  is  not  the  case,  at  least  as  far  as  the 
agglutinin  of  typhoid  serum  is  concerned.  In  conclusion,  it  may  be 
said  that  the  best  general  treatment  of  fever  consists  in  a  combination 
of  aniipyretics  and  graduated  baths. 

The  use  of  the  antipyretics  in  neuralgia,  headache  and 
migraine  has  been  previously  described.  Acetanilid  (in 
small  doses)  is  most  commonly  used,  and  is  quite  efficient. 

The  addition  of  caffein  appears  to  enhance  the  analgesic  effect  in 
many  cases,  and  would  indeed  be  useful  when  the  drugs  are  used 
as  antipyretics,  to  counteract  the  tendency  to  collapse,  and  the  cardiac 
actions.    The  addition  of  salicylate  and  bromids  is  similarly   useful. 


Sod.  bicarb,  or  Ammoti.  Carb.  are  often  added  to  increase  the  solu- 
bility. The  official  Pulv,  Acetanilid!  Cotnp.  is  representative  of  the 
prof/rielary  headache  powders.  These  contain  from  50  to  70%  of  ace- 
tanilid (see  Joum.  Am.  Med.  Assoc,  1905,  p.  791)-  Their  indiscrim- 
inate use  by  the  public  is  dangerous. 

III.  INFLUENCE  OF  THE  STRUCTURE  OF  ANTIPYRETICS 
UPON  THEIR  ACTION. 

The  enterprise  of  manufacturers  of  synthetic  products  has  over- 
whelmed the  profession  with  almost  numberless  antipyretics ;  but  it 
must  be  confessed  at  once  that  the  number  of  really  new  and  valu- 
able products  is  comparatively  small.  The  great  mass  of  this  material 
consists  simply  of  insignificant  variations  in  the  established  products, 
introduced  for  the  purpose  of  evading  patents ;  and  amounts  to  little 
more  than  do  the  various  flavorings  in  the  elixirs  of  the  older  ma- 
teria medics.  It  can  only  do  harm  by  creating  confusion,  and  should 
be  abolished  as  speedily  as  possible.  The  selection  of  the  worthy 
products  from  this  collection  would  be  an  almost  hopeless  task,  were 
it  not  that  certain  definite  laws  have  been  deduced  from  the  experi- 
mental evidence,  according  to  which  we  may  foretell  the  action  of  « 
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coal-tar  derivative  from  its  composition,  with  almost  absolute  certainty. 
In  this  way  many  new  compounds  can  be  adjudged  as  unworthy  of 
extended  trial.  A  presentation  of  some  of  these  laws  will  therefore  be 
jf  practical  value,  aside  from  their  scientific  interest. 

The  antipyretic  action  really  resides  in  the  benzol  ring.  Yet  benzol 
(C<H>)  itself  is  not  antipyretic,  because  it  cannot  enter  into  reaction 
with  the  body  cells;  this  capacity  of  reacting  may  be  given  to  it  by 
substituting  for  one  of  its  [H]  atoms  an  [OH]  group,  as  in  carbolic 
acid,  CJliOH ;  or  still  more  strongly  by  an  NHt  group,  as  in  anilin, 
CJlkNH.  (Phenylhydrazin,  CJI.NH.NH,  being  yet  stronger)  ;  or  by 
both  as  in  paramidophenol,  CH..OH.NH,. 

In  a  few  modifications  of  the  benzol  ring,  the  action  is  quite  want- 
ing; thus  in  Pyridin,  CJIiN;  in  Naphthalin,  CtH.;  in  Phenanthren, 


CJUCH.    But  it  reappears  i; 
CJI..CH 


c::.H. 


Quinolin,  CiH.    ,  and  is  also  present  in 
C.H.N 


the  pyrazol  ring. 


n/^ch 

HcL !cH 


)  produced  are  the  so-caTled  "  mother- substances."  They  are 
strongly  antipyretic,  but  they  also  produce  collapse.  Before  they  can 
be  used  in  practice,  this  collapse  action  must  be  diminished.  This 
may  be  done  by  replacing  the  [HJ,  either  of  the  [OH]  or  of  the 
[NH,],  by  other  radicles;  the  reduction  of  toxicity  being  greatest  if 
the  substitution  is  made  in  the  NHi. 

These  substituted  compounds  act  only  after  the  mother- substance 
is  liberated  from  them  in  the  body.  Their  action  is  therefore  more 
gradual,  less  violent,  and  more  easy  of  control. 

The  influence  of  the  substituted  radicle  is  as  follows: 

The  reduction  of  toxicity  is  greatest  if  the  substituted  radicle  is 
an  alkyl  (CnHrfi-|-I  or  CO»CnHtfi-t- i)  ;  less  if  it  is  an  acidyl 
(CO.CnHtfi  + 1).  If  several  H  atoms  are  substituted,  the  toxicity  will 
be  less  if  both  an  acidyl  and  an  alkyl  radicle  are  introduced,  than  if 
both  radicles  be  of  the  same  kind. 

The  toxicity  and  the  therapeutic  qualities  both  diminish  with  the 
size  of  the  introduced  radicle.  The  most  useful  is  the  ethyl  (CiH>) 
or  acetyl  (GHiO)  radicle;  with  the  methyl  or  formyl  group,  the 
toxic  action  is  too  great;  with  larger  groups,  and  particularly  with 
aromatic  groups,  the  compound  becomes  so  resistant  that  the  thera- 
peutic action  is  reduced  almost  to  nothing.  This  is  true  of  the 
citrate  and  salicylate  radides.  Such  compounds  are  of  course  cor- 
respondingly harmless. 

The  above  laws  must  be  modified  if  the  compound  is  decomposed 
in  the  stomach  with  liberation  of  the  mother- substance.  It  must  also 
be  remembered  that  the  radicles  must  be  introduced  into  the  ring  by 
substitution;  the  mere  addition  of  acid  radicle,  forming  salts,  does 
not  modify  the  properties  of  the  original  substance.  Therefore,  Ani- 
lin Acetate  (CH,.NHtHCH.O.)  preserves  the  original  toxic  action 
of  anilin;  whereas  this  is  greatly  weakened  in  Acetanilid  (CiHtNIl. 
GH.O). 

1-33 


.dbyGoogle 


SERIES  OF   COAL   TAR   DERIVATIVES. 


IV.  COMPOSITION,  SPECIAL  PROPERTIES.  AND  MATERIA 
MEDICA  OF  THE  MORE  IMPORTANT  ANTIPYRETICS. 

Before  giving  in  detail  the  characters  of  the  individual  antips^etics, 
it  may  be  well  to  recapitulate  briefly  the  points  which  will  deUrmint 
their  value: 

The  ideal  antipyretic  must  be  reliable  in  securing  a  fall  of  febrile 
temperature.  This  fall  must  be  prompt,  but  not  too  abrupt;  it  must 
be  lasting;  and  when  the  effect  passes  off,  the  temperature  must  not 
rise  too  suddenly.  The  analgesic  effect  should  be  strong.  The  drug 
should  not  be  decomposed  in  the  stomach  (or  by  0.2%  HCi>.  The 
toxic  dose  should  be  considerably  higher  than  the  therapeutic  dose. 
In  the  latter,  the  drug  must  not  of  itself  cause  collapse  conditions, 
nor  methemoglobinemia,  nor  profuse  sweating,  nor  skin  eruptions.  It 
should  not  have  a  bad  taste,  nor  should  it  irritate  the  stomach.  If 
it  is  to  be  used  hypodermically,  it  must  be  soluble  in  water;  other- 
wise great  solubility  is  of  no  advantage. 

Of  the  compounds  which  have  been  proposed  so  far,  Para-acetphen- 
etidin    (Phenacetin)    seems   to    fulfill    these   demands   most    satisfac- 

I.  PYRAZOL  DERIVATIVES. 

The  doses  of  these  compounds  agree  with  antipyrin. 

AntlpyriM  (U.  S.  P.)  [Pheiuzonum,  B.P.].—  Phenyldimcthyl 
pyrazolon,  Analgesin.  Dimethyloxychinizin;,  aHN,OCCH,)..C.H,. 
Obtained  by  the  condensation  of  phenyl  hydrazin  with  aceto-acetic 
ether,  and  methylation  of  the  product.    It  is  a  derivative  of  Pyrazol : 

NH  N  .C.H, 

Ni^NcH  CH.Nj'^CO 

Hc' !cH  CH.c' !cH 

Pyraiol.  Antipyrin. 

Antipyrin  is  a  white  powder,  sol.  in  39.5  water,  38.3  ale.  It  is 
quickly  absorbed,  but  slowly  excreted.  Dote:  0.15  to  0.6  to  1.5  Qns. 
(4  to  10  to  25  grains),  in  solution;  (0.25  Gm.=4  gr..  U.  S.  P.).  (In- 
compatibilities, see  p.  76.) 

Antipyrin  unites  readily  with  acids  to  form  sails.  These  have  no 
advantage.    Examples  arcr 

Salifiyrin    (Antipyrin   Salicylate)    and    Tussol    (Antipyrin   Amre"!*" 
late). 
Subslilulion  Products: 

lodopyrin  is  an  iodin  substitution  product  It  shows  the  proper- 
ties of  antipyrin,  but  does  not  improve  upon  them. 

Pyramidon,-^  An  [H]  of  [CH]  in  antipyrin  is  replaced  by 
(N(CHi)i].  This  compound  is  three  times  as  active  as  antipyrin.  its 
action  lasts  longer,  and  il  is  no  more  dangerous.  Dose:  o,3  to  a6 
Gm.     Especially  recomrr>ended  in  the  hectic  fever  of  phthisis. 

(Anilipyrin  is  a  condensation  product  obtained  by  fusing  one  equiv- 
alent   of    acetanilid,    and    two    of    antipyrin.    It   dissolves    readily   in 
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water,  and  is  1ms  toxic  than  acetanilid,  but  possesses  no  advantage 

over  mere  mixtures  of  the  two.) 

Homologues: 

lo/yf  jri«.— The  CJl.  of  Antipyrin  is  replaced  by  CJ1..CH..  The 
resulting  compound  is  as  active  as  antipyrin,  but  more  irritant.  It 
resembles  this  also  in  its  solubility  and  dose.  Its  salicylate  is  known 
as  TolytaL 

2.  ANILIN  DERIVATIVES. 


(U.S.  P.,     B.  P.)     {Antifebrin.     Phenylacetamid)  .— 

Cfl.NH{CH.CO>.— Prepared    by    boiling    anilin     (CJi^NH.)    with 

flacial  acetic  acid,  replacing  an  [H]  of  the  [NHi]  by  the  acetyl  radicle 
COCH.].  A  white  powder  or  crystals,  of  a  warm  tasle.  Soluble  in 
179  parts  of  water,  and  in  2.5  parts  of  alcohol.  Dose:  to  o.;  Gm.  (8 
ffrs.)  (OiZS  Gm. ^4  grs.,  U.  S.  P.)  ;  daily  dose,  to  4  Gm.;  in  powders 
or  capsules. 

Anilin  itself  is  an  active  antipyretic,  but  markedly  toxic ;  acetanilid 
ako  acts  as  anilin,  being  decomposed  into  this  substance.  It  has 
still  considerable  tendency  to  cyanosis  and  collapse.  It  is  useful  as 
u  analgesic,  in  small  doses,  but  should  not  be  used  in  full  doses. 
This  holds  yet  more  of  its  homologue,  formmilid  (aH.NHCOH — 
replacement  of  COCH.  of  acetanilid  by  COH).  Exalgtn  (CJI.NCH. 
CHiCO  —  replacement  of  H  of  NH  in  acetanilid  by  CH,)  is  weaker. 
The  higher  homologues  — BetwoHiVirf  (CH.NH.CH^  — COCH,  re- 
^ed  by  C1H.O)— are  practically  inactive.  !n  Evphorin  (Phenyl- 
urethan)  the  COCH,  of  acetanilid  is  replaced  by  CO.OGHt  The  result 
it  a  compound  combining  the  qualities  of  acetanilid  and  of  urethane, 
hut  in  no  wa^  superior  to  simple  mixtures. 
Aeitonilid  Mixtures: 

Pvlvit  Aeetanilidi  Comfositus  (U.  S.  P.)-— Acetanilid  70.  Caffein 
ift  Sod.  Bicarb.  20%.    Dose:  0.5  Gni.  =  7l4  gr. 

Similar  mixtures  are : 

*Migramin  (Antipyrin  85,  Caffein  9,  Citric  Acid  6%). 

'Hemicranin  (Phenacetin  S,  Caffein  i,  Citric  Acid  i>. 
Th^se  are  given  in  the  same  dose. 

3.  PHENETIDIN   DERIVATIVES. 

When  it  was  noticed  that  the  body  renders  anilin   (or  acetanilid) 

less  toxic  t^  oxidation  to  paramidophenol,  the  thought  lay  near  to 

begin  with  the  administration  of  this  body,  or,  as  it  is  still  quite  toxic, 

of  its  derivatives. 

If  the  H   of   the   OH    is   alone   replaced,   phenetidin   results,   which 
with  its  salts,  is  also  too  toxic.     The  product  does  not  become  useful 
imiil  one  of  the  H  atoms  in  NH,  is  also  substituted,  as  in  phenacetin. 
OH  O.C,H.  O.C.H, 

00    0  0 

NH,         NH,  NH,  NH.CO.CH, 

Anilin.  Paramidophenol.      Phenetidin.    Phenacetin. 
Acetpbenetidinum    (U.S.  P.)'    [Pheiucetinuni,  B.  P.]    (Para-acet- 
phenetidin).— CJI.    MH  — CHCO  ■      ^'"^    acetylization    product    of 
para-amidophenelol.    A  white  crystalline  powder,  of  a  warm  taste,  sol- 
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ubie  in  025  water;  in  70  of  boiling  water;  in  12  of  alcohol.  Dost: 
0.3  to  0.6  to  i.o  Gm.  (5  to  10  to  IS  grains),  as  powder;  (o.sGm.^yi^ 
gr.,  U.  S.  P.). 

Phenacetin  presents  as  yet  the  best  result  in  the  attempt  of  lessen- 
ing toxic  effects  and  yet  preserving  therapeutic  activity.  However, 
it  still  possesses  some  toxicity,  and  this  and  its  insolubility  have 
encouraged  the  investigation  of  similar  compounds.  The  substitution 
of  the  acetyl  radicle  (CO.CH,)  by  the  radicles  of  higher  acids  does 
indeed  lessen  the  toxicity  and  increase  the  solubility  and  the  analgesic 
action,  but  at  the  expense  of  antipyretic  value.  These  compounds 
with  higher  acids  are  also  subject  to  decomposition  by  the  acidity  of 
the  gastric  juice,  resulting  in  the  liberation  of  the  toxic  phenetidin. 
They  are  therefore  incompatible  with  acids,  and  if  used  should  be 
administered  with  sodium  bicarbonate.  Their  dose  is  about  the  same 
as  of  phenacetin,  or  somewhat  larger. 

To  this  class  belong: 
Lactofhenin  (acetyl  replaced  by  la"yl  =  CtH.<^§^'o  j^jj^q  j . 
Afiolysin  (by  citric  acid  radicle  =  CiH,<jjfj(-Q  |-^jj^q/(-q^jj\  , 
Phenosal  (acetyl  replaced  by  salicyl^CiH,<jjjj[  ^-qj-u^^qjjj 
is  especially  inactive. 

More  deserving  is  Thermodin,  in  which  the  H  of  the  NH  of 
Phenacetin  is  replaced  by  CO.CHi.  This  causes  considerable  loss  of 
toxicity,  without  greatly  impairing  the  therapeutic  activity.  A  some- 
what different  compound  is  Fhenocoll;  in  this  the  acetyl  of  phenacetin 
is  replaced  by  glycocoll. 

?»,.„.«  Hylr.MoM:  =  ^■<'^o.CH.SYlMa. 
White  powder  of  a  burning  taste  reminding  of  salicylates,  which  is 
greatly  lessened  by  dilution.    Soluble  in  16  parts  of  water.    Incom- 
"    "         >-         -.      .  <   ,Q  p^g„ ■-    ^-   .>- -:- 


patible  with  alkalies.  It  is  about  equal  to  phenacetin  in  therapeutic 
and  toxic  action,  being  used  in  the  same  dose  (but  as  solution). 
It  differs  from  it  in  its  great  solubility,  and  consequent  rapid  but 
short  action.  It  is  especially  suited  for  hypodermic  injection  (in  Ji 
the  oral  dose).  Specific  effects  have  been  claimed  for  it  on  malaria,  but 
it  does  not  affect  the  Plasmodium   any  more  than  other  coal-tar  anti- 

fyretics.  Phenocoll  acetate  is  still  more  soluble  (3  parts  of  water), 
'hetiQcoH  laiicylale  (Salocoll)  is  much  less  soluble. 
It  was  already  mentioned  that  Phenetidin  (C.H4.0CH^NH.)  and 
its  salts  are  much  too  toxic  for  therapeutic  use.  Only  one  of  these, 
the  Citrate  (Citrophen),  has  been  placed  upon  the  market,  and  this 
has  fallen  into  a  deserved  neglect  In  the  compounds  Maiakin  and 
MaJarin  the  toxicity  has  been  lessened  by  replacing  the  Hi  of  ttie 
NH,,  in  Maiakin  by  the  salicyl  rest  CH.CJf.OH ;  in  Malarin  by  acet- 
ophenon  C<£^  .  The  latter  is  still  toxic.  The  former  Is  ren- 
dered non-toxic,  but  also  inactive,  by  the  salicyl. 

4.  PHENYLHYDRAZIN  DERIVATIVES. 

Phenylhydrazin,  CtH^NH.NH^  was  one  of  the  early  surting-points 
in  the  invention  of  antipyretics.  It  is  itself  strongly  antipyretic,  but 
is  the  strongest  blood  poison  of  the  antipyretic  series.  This  toxicity 
is  shared  by  its  salts  and  simple  substitution  products.  To  these  be- 
long:   Hydracelin     (Pyrodin)     (H     of     NHi     replaced    by    acetyl; 
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S.  QUINOLIN  DERIVATIVES. 

The  fact  that  Q«(»o/in  — OHiN  — is  one  of  the  de- 
composition products  of  Quinin  was  the  incentive  to  the 
tnvestigalioD  of  the  antipyretic  action  of  the  coal'tar 
products.  The  compounds  so  discovered  have  now  only 
I  historical  interest ;  they  are  indeed  antipyretic,  but 
also  vety  toxic  (Thallin,  GH.N.H..CH,0 ;  Kairolin, 
CJ^IN.H^CH^H,SO. ;  Kairin,  C.H.(OH)N.H,.GH.).  They  tell  into 
neglect,  but  the  discovery  of  phenacetin  stimulated  the  search  of 
similar  compounds  of  quinolin.  Such  is  Quinalgeit  (Analgen), 
CiH.(OGH.)(NH.COCJf.)N.  This  is  safer  than  other  quinolin  de- 
rivatives, but  becomes  active  only  as  the  benzoyl -fcroup  is  split  off 
by  the  gastric  juice.  It  is  therefore  of  inconstant  action.  It  is  a 
white,  almost  insoluble  powder.    Dose:  0.5  to  1.0  Gm. 

(E)  ANTISEPTIC  GROUP. 

The  second  coal-tar  group,  that  of  the  antiseptics,  is 
characterized  by  the  prominence  of  the  toxic  action  on  pro- 
toplasm when  brought  into  direct  contact,  and  of  the  col- 
lapse action  when  acting  from  the  circulation. 

I.  MEMBERS  — INFLUENCE    OF    STRUCTURE    ON    ACTION. 

As  was  stated  previously,  benzol,  CiHt,  the  mother  substance  of 
the  coal-tar  series,  is  itself  practically  inactive,  because  it  cannot 
react  with  protoplasm.  This  capacity  is  given  to  it  by  replacing  part 
of  the  H  atoms  by  other  groups,  especially  by  OH  (forming  phenols) 
or  by  COiH  (forming  acids)  ;  or  by  both.  This  develops  the  peculiar 
antiseptic,  toxic  and  irritant  qualities  of  the  coal-tar  antiseptics.  The 
OH  radicle  is  the  most  active,  the  antiseptic  and  toxic  actions  in- 
creasing with  the  number  of  OH  groups  (>'.  e,,  progressively  from 
phenol  aH.OH,  to  resorcin,  CJI,(OH),  and  pyro^allol,  CJI.(OH).). 
The  introduction  of  the  COiH  group  alone  (i.  e.,  benzoic  acid, 
C>H>.COiH)  does  not  render  the  substance  very  active.  The  intro- 
duction of  both  OH  and  COiH  in  the  ortho-position'  (1.  e.,  salicylic 
acid,  ^^^•'^rOH  ^  ''^"Its  in  a  compound  which  is  less  toxic  than 
phenol,  but  which  has  peculiar  antiseptic  properties.  The  antiseptic 
quality  may  also  be  brou^t  out  by  other  acidyl  groups  (COCHi, 
etc),  the  activity  being  proportional  to  the  size  of  the  introduced 
molecule.  NOi  also  develop,";  the  antiseptic  action,  but  adds  its  own 
toxicity  to  that  of  the  phenols.  The  substitution  of  an  H  of  the  C<H> 
in  phenol  by  alkyls  (cresols,  CJ1.<™  )  leads  to  an  increase  of 
the  antiseptic  power,  and  diminishes  at  the  same  time  the  toxicity  to 
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tissues.  Higher  homologues  introduce  no  important  inodi6cations. 
The  substituiion  of  halogens  increases  the  antiseptic  action. 

The  group  which  gives  the  valuable  antiseptic,  but  also  the  unde- 
sirable toxic  and  caustic,  q^ualities  to  these  compounds,  is  the  OH. 

The  violence  of  its  action  may  be  moderated,  as  in  the  salicylic 
acid,  or  In  the  cresols;  or  it  may  be  masked  by  replacing  its  H  by 
other  radicles.  These  eslers  (<r.  g.,  salol,  C^£.,OH.CO,C.H.>  will 
develop  their  action  when  decomposed  into  their  phenol.  Combitia- 
tions  which  are  so  firm  as  lo  prevent  this  liberation  (e.  g.,  the  sulpho- 
carbolates)  are  neither  antiseptic  nor  toxic;  in  fact,  it  is  by  the 
formation  of  stich  con^iounds  that  the  organism  protects  itself  against 
these  poisons. 

The  antiseptic  and  local  actions  of  the  salicylates  or  other  salts 
are  also  mtich  less  than  those  of  the  corresponding  acids. 

The  coal-tar  antiseptics  may  be  divided  into  the  followii^ 
groups:  I.  Phenol,  Salol;  II.  Crcsols;  III.  Resorcin,  Py- 
rocatechin,  Hydrochinon,  Arbutin.  Pyrogallol;  IV.  Creo- 
sote  Derivatives;  V.  Dyes;  VI.  Salicylic  Add;  VII.  Other 
aromatic  acids.  Balsams;  VIII.  Napkthalin,  Naphthol  a.nd 
QuinoHn  derivatives. 

U.  SUMMARY  OF  ACTIONS. 

1.  A  coagulating  action  upon  proteids,  determining  the 
death  of  cells  with  which  they  come  in  contact,  and  result- 
ing in  irritation  and  inflammatory  changes. 

2.  An  excitation,  followed  by  more  pronounced  depres- 
sion, of  the  central  nervous  system. 

3.  The  formation  of  methemoglobin. 

Historical. —  In  the  form  of  the  natural  mixtures,  the  antiseptic 
properties  of  this  group  have  long  been  known.  The  smoking  of 
meat  is  certainly  a  very  ancient  practice ;  and  one  of  the  methods  oi 
embalming  practised  b;^  the  Egyptians  utilized  largely  balsams  and 
products  rich  in  essential  oils,— the  latter  being  very  closely  related 
to  the  aromatic  series.  The  isolated  substances,  however,  belong  to 
the  achievements  of  Ihe  nineteenth  century.  Creosote  was  first  made 
in  1852,  carbolic  acid  in  1834.  and  it  was  almost  thirty  years  later 
than  this  before  they  were  used  in  surgery. 

in.  DETAILS  OF  ACTION. 

I.  Phenol. 

Phenol  (carbolic  acid,  C.H1OH)  shows  very  typically  the  charac- 
teristic properties  of  the  entire  aromatic  antiseptic  group.  It  is  also 
the  most  widely  known  and  used  of  these  antiseptics.  It  owes  this 
high  popularity  to  its  being  the  pioneer  of  the  group,  throu^  its  in- 
troduction by  Lister.  This  popularity  is  no  longer  justified,  for  we 
now  possess  other  derivatives  superior  to  it  in  every  respect.  How- 
ever, it  serves  admirably  to  illustrate  the  main  features  of  these  anti- 
septics, and  is  therefore  accorded  the  most  prominent  place. 
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1.  Local  Aotioiu —  Most  of  the  members  of  this  group 
coagulate,  and  thus  destroy  the  structure  of  proteids,  and, 
in  consequence,  of  protoplasm.  This  protoplasmic  toxicity 
is  particularly  great  in  phenol,  and  accounts  for  its  irritant 
and  antiseptic  action.* 

When  pure  carbolic  acid,  or  a  strong  solution  of  it,  is  ap- 
plied to  the  skin  or  mucous  membranes,  it  acts  as  a  caustic. 
It  produces  burning  and  pain,  then  numbness  and  anesthesia, 
wrinkhng  and  softening  of  the  epidermis,  the  color  of  the 
skin  becoming  first  white,  then  red,  and  finally  brown.  A 
dry  scab  forms,  which  separates  without  pus.  Creosote  has 
a  similar  but  much  weaker  action.  In  weaker  solutions 
neither  is  caustic,  and  they  determine  merely  some  wrink- 
ling and  blanching  of  the  epidermis^  But  even  a  $fo  solu- 
tion of  the  acid  may  cause  necrosis,  especially  when  applied 
continuously  to  the  extremities.  This  enjoins  caution  in 
the  use  of  carbolic  dressings.  Ninety-five  per  cent,  alcohol, 
glycerin  and  fats  are  antidotal  to  the  local  effects  of  carbolic 
acid.  None  of  the  other  members  of  the  group  have  such  a 
marked  caustic  action,  although  salicylic  acid  effects  a  soft- 
ening of  the  epidermis,  which  leads  to  its  use  in  removing 
corns.  It  is  important  to  note  that  its  salts,  the  salicylates, 
have  no  caustic  action,  but  are  nevertheless  antiseptic.  All 
the  members  have,  however,  some  local  action,  which  finds 
its  expression,  with  internal  administration,  in  nausea,  vom- 
iting, and  diarrhea,  being  similar  to  quinin  in  this  way. 
The  vomiting  is  also  favored  by  the  repulsive  taste  of  some 
of  these  drugs.  This  local  irritant  action  further  shows 
Itself  after  large  doses  at  the  place  of  excretion  —  e.g.,  in 
nephritis  with  casts,  albuminuria,  and  hemoglobinuria  { Fig. 
yj).  Skin  eruptions  which  occur  occasionally  may  be  as- 
cribed to  this  irritation  and  to  the  dilatation  of  the  cutaneous 
vessels.  Strong  solutions  brought  into  direct  contact  with 
a  muscle,  decrease  its  excitability.  The  coagulant  action 
on  proteids  also  determines  the  most  characteristic  property 
of  the  group,  namely,  their  antiseptic  effects. 

This  coagulation  is  a  molecular,  rather  than  a  chemic,  process.  That 
is  to  say,  phenol  and  the  other  drugs  of  the  group  do  not  enter  into 
chemic  combination  with  the  proteids.  but  precipitate  them  by  changing 
the  character  of  the  medium,  somewhat  after  the  manner  of  alcohol 
or  neutral  salts.  A  short  action  of  this  kind  is  sufficient  to  kill  the 
protoplasm.     But   the   coagulant   substance   itself,   not   being   combined 
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and  used  up  in  this  process,  is  free  to  penetrate  further,  which  is  not 
the  case  with  the  metallic  antiseptics.  TTiis  penetration  is  also  favored, 
in  the  case  of  carbolic  acid,  by  its  volatility,  a  factor  which  is  absent 
with  salicylic  acid  and  most  other  members  of  the  group.  The  meuls 
enter  into  insoluble,  permanent,  chemic  combination  with  the  proto- 
plasm, and  this  effectually  prevents  the  further  penetration  of  the 
antiseptic.  This  greater  penetrating  power  of  the  antiseptics  of  the 
aromatic  group  is  of  considerable  practical  importance.  Further,  just 
as  different  proteids  present  different  degrees  of  precipitability  with 
alcohol,  ether,  and  chloroform,  or  with  the  different  neutral  salts,  so 
they  are  acted  upon  differently  by  the  various  members  of  this  series; 
and  this  suggests  the  explanation  of  the  fact  that  different  bacteria 
present  a  very  different  degree  of  resistance  to  them ;  and  that  certain 
members  may  be  almost  specific  in  a  disease  — as  salicylic  acid  in  acute 
rheumatism  —  where  the  other  members  are  of  but  very  little  use. 

For  this  reason  also,  it  does  not  follow  by  any  means  that  the  tox- 
icity to  the  tissues  must  needs  be  proportional  to  the  toxicity  to  bac- 
teria.   On   the  contrary,  the  usefulness  of  an  antiseptic  which  is  to 


Fio.   77.— Rabbit's  kidncr  after  ulol^poiuniDa   (KobCTt). 

be  applied  to  the  body,  is  determined  by  its  combining  a  great  toxici^ 
to  bacteria  with  a  minimal  action  on  tissue  cells.  The  ideal  anti- 
septic, in  this  respect,  has  not  been  found,  and  probably  does  not 
exist;  but  the  cresols.  guaiacol.  etc.,  approach  it  much  more  closely 
than  phenol  or  the  metallic  salts.  (For  the  use  of  antiseptics,  see 
below.) 

Carbolic  acid  prevenU  putrefaction,  or  the  development  of  bacteria, 
in  the  strength  of  J-i  to  1%. 

For  the  production  of  surgical  antisepsis,  too  much  stress  must  not 
be  laid  upon  the  fact  that  it  does  not  kill  the  organisms  in  even  much 
greater  concentration ;  for  the  prevention  of  their  growth  is  all  that 
is  required  in  the  treatment  of  open  wounds. 

Phenol,  salicylic  acid,  and  other  coal-tar  antiseptics  also  have  a 
retarding  effect  upon  ferment  action — especially  carbolic  and  salicylic 
acid  —  somewhat  after  the  manner  of  quinin.  A  5%  solution  of 
phenol  suffices  to  materially  weaken  the  action  of  most  ferments. 

It  is  also  claimed  that  these  antiseptics  (particularly  the  phenols 
and  anilin  dyes)  destroy  not  only  bacteria,  but  also  their  toxins.    This 
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they  do  in  the  teat-tube;  but  it  may  be  doubted  whether  they  have 
this  effect  in  the  great  dilution  in  which  they  exist  in  the  body.  On 
this  theory,  however,  carbolic  acid  has  been  recommended  in  Irait- 
malic  tetanus  (10  c.  c,  increasing  to  25  c.  c,  of  2%  solution  per  day, 
in  divided  doses,  subcutaneously). 

3.  Central  Actions, —  Very  small  doses  of  phenol,  as  of  all  the 
coal 'tar  antiseptics,  produce  at  first  an  analgesic  and  antipyretic  action 
<see  Antipyretic  group).  This  is,  however,  so  fleeting,  and  passes 
so  readily  into  Che  graver  effects,  that  it  cannot  be  used  in  therapeu- 
tics. This  preliminary  stage  is  followed  by  more  pronounced  Symp- 
toms of  excitation,  shown  in  frogs  or  mammals  by  muscular  tremors, 
twitchings,  and  convulsions. 

Carbolic  acid  causes  in  the  frog  a  short  stupor,  followed  by  inco- 
ordinated  clonic  convulsions.  The  latter  involve  the  entire  central 
nervous  system.  Intactness  of  the  sensory  paths  is  necessary  for  their 
production,  so  that  they,  like  those  of  strychnin,  rest  upon  an  increased 
excitability.  The  action  differs  from  that  of  the  latter  poison  in  its 
wider  distribution,  and  in  the  more  incoordinated  spasms.  Direct 
application  of  dilute  solutions  to  the  spinal  cord  of  frogs  paralyzes  the 
-I's  (Baglio-=    ■"■   ■ 


1900). 


There  are  also  signs  of  stimulation  of  the  medullary  centers,  espe- 
cially that  of  respiration.  The  heart  is  quickened  and  strengthened, 
probably  by  a  direct  action  on  the  cardiac  muscle.  The  blood  pressure 
rises  in  consequence,  and  also  by  the  convulsions  and  the  direct  effect 
on  the  vasomotor  center.     The  rise  is  neither  large  nor  lasting. 

In  the  collapse  stage  the  heart  is  weakened  and  slowed  —  presuma- 
bly by  direct  action  on  the  muscle.  There  is  paralysis  of  the  vasomolor 
center,  and  in  consequence  fall  of  blood  pressure  (Fig.  78  B).  lae 
respiration  becomes  slow  and  shallow,  and  finally  ceases.  The  tem- 
perature falls.  The  phenomena  bear  a  very  dose  resemblance  to  those 
of  surgical  shock.  Since  the  collapse  affects  ail  the  medullary  center, 
and  the  cardiac  muscle  as  well,  it  cannot,  of  course;  be  removed  by 
artificial  respiration.  This  constitutes  an  important  difference  'O  the 
collapse  produced  by  the  drugs  of  the  alcohol  series.  Aiiother  aitter- 
encc  consists  in  the  fact  that  with  the  antiseptic  group  the  sensibiMy 
to  pain  is  often  preserved  far  into  the  collapse.  In  an  early  stage 
there  is  i  '  '  " 


I  mental  excitation  with  hallucinations,  seen  especially  with 
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salicylic  acid.    The  collapse  action  i 
creosote,  much  less  with  salicylic  i 

The  local  effects  of  the  phenol  play  no  part  in  the  production  of  the 
collapse  (Sollmann  and  Brown,  1906).  Even  small  doses,  when  in- 
jected intravenously,  cause  a  prompt  and  extensive  fall  of  blood  pres- 
sure, but  this  recovers  again  very  promptly. 

Carbolic  acid  causes  an  increase  of  secretions,  especially  of  saliva, 
sweat,  and  tears,  not  yet  accounted  for.  Symptoms  of  ctnchonism  also 
sometimes  make  their  appearance  after  carbolic  and  especially  salicylic 
acid.  Peripherally,  muscle-  and  tterve-Hbers  are  killed  by  the  direct 
application,  but  do  not  seem  to  suffer  when  the  driigs  act  systemically. 
Carbolic  acid  is  of  value  as  a  local  anesthetic  (5%  ointment),  espe- 
cially in  itching  skin  diseases  or  pruritus. 

3.  Toxicology, —  Suicidal  poisoning  by  carbolic  acid  is  very 
common,  particularly  in  the  United  States.  Accidental  poi- 
soning is  also  common ;  it  may  result  even  when  the  phenol 
is  applied  to  the  intact  skin ;  its  liberal  application  to  open 
surfaces  has  frequently  led  to  toxic  symptoms.  The  fat(U 
dose,  by  mouth,  depends  greatly  on  the  concentration.  0.8 
Gm.  has  been  given  therapeutically  without  bad  effects. 

Symptoms, —  The  local  symptoms  consist  in  burning  of 
the  mouth  and  throat,  nausea  and  vomiting,  abdominal 
pain.  The  carbolic  burns  generally  heal  promptly,  with 
small  tendency  to  scar  formation. 

The  systemic  symptoms  are  those  of  a  very  speedy  col- 
lapse, starting  in  a  few  minutes,  even  when  the  drug  is 
taken  by  mouth.  It  is  manifested  by  faintness  and  mus- 
cular weakness ;  sometimes  twitching  and  convulsions ; 
pulse  small,  weak,  and  slow;  face  livid;  cold  sweat;  respira- 
tion slow  and  shallow ;  unconsciousness ;  coma ;  death  by 
stoppage  of  respiration. 

The  course  of  carbolic  acid  poisoning  is  very  rapid.  In 
almost  all  fatal  cases  death  ensues  inside  of  twenty-four 
hours. 

Chronic  Carbol-poisonim.—  In  the  days  of  the  Lister  spray,  chronic 
phenol-poisoning  was  not  at  all  uncommon  amongst  surgeons.  It 
presented  the  general  symptoms  of  marasmus.  The  quantity  of  the 
acid  entering  the  system  under  these  circumstances  is  quite  phenome- 
nal :  a  Gm.  of  phenol  were  recovered  from  the  urine  of  a  surgeon 
who  had  assisted  for  two  and  a  half  hours  at  an  operation  under  a ' 
2%  spray.  , 

Diasrnosls, —  Besides  the  course  of  the  symptoms  noted, 
the  odor  of  the  patient  is  characteristic.  The  wine  is  dark 
and  smoky,  and  gives  little  or  no  precipitate  with  barium 
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chiorid.  The  carbolic  acid  usually  exists  in  the  urine  com- 
bined with  sulphuric  or  glycuronic  acid,  and  is  free  only  in 
the  very  gravest  cases.  To  demonstrate  its  presence  by 
chemic  tests,  the  urine  must  be  acidulated  and  distilled,  and 
the  distillate  tested. 

Treatment. —  The  local  effects  of  phenol  are  effectively 
removed  by  promptly  washing  with  alcohol  (or  whiskey) 
and  applying  an  oil  dressing.' 

With  internal  poisoning,  the  greatest  success  is  obtained 
by  extensive  lavage  of  the  stomach  (taking  care  that  the 
fluid  does  not  enter  the  trachea).  The  first  washings  may 
be  performed  with  io%  alcohol.  Lime  forms  an  insoluble 
compound,  and  lime  water,  or  better,  the  syrup  of  lime, 
has  been  used.  Potassium  permanganate  also  destroys 
the  phenol.  Sulphates  have  been  given  with  the  object  of 
forming  the  non-toxic  phenolsulphonates.  This  combina- 
tion does  not  occur  in  the  alimentary  canal,  and  the  sul- 
phates are  very  slowly  absorbed,  so  that  the  oral  administra- 
tion is  useless  except  in  chronic  poisoning.  The  combina- 
tion is  so  slow,  that  it  is  practically  not  available  in  acute 
poisoning,  even  if  the  sulphate  is  injected  intravenously 
(Brown  and  Sollmann,  1906).  The  hypodermic  or  intra- 
venous injection  of  the  sulphate  (J^  to  2  liter  of  a  2.3% 
solution  of  the  dry  salt  or  of  a  4.6%  solution  of  the  crys- 
tals) is,  however,  often  of  great  benefit,  by  its  stimulating 
effect.  (Fig.  78,  B.)  The  patients  sometimes  recover 
from  deep  coma  during  the  infusion. 

It  has  been  claimed  that  alcohol  is  a  chemic  antidote  to 
phenol,  effective  even  when  left  in  the  stomach.  Both  the 
clinical  and  the  experimental  evidence  disprove  this  view 
(Clarke  and  Brown,  1906).  Its  action  is  purely  mechan- 
ical, as  described  above. 


4.  Phenol  Compounds. —  The  great  toxicity  of  phenol,  its  very 
pronounced  local  irritant  action,  and  its  rapid  absorption,  all  lessen 
very  greatly  its  therapeutic  value,  and  active  search  has  been  made 
for  compounds  devoid  of  these  urdesired  properties.  The  following 
methods  have  been  tried ; 

I.  By  substituting  an  acid  radicle  for  an  H  in  the  OHi  of  the 
phenol  relatively  non-toxic  compounds  are  produced.  Such  are  the 
phenolsulphonates,  e.  g.,  CtH<<Qu  This  combination  is,  however. 
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acid  with  sulphuric  acid  and  adding  alcohol.  It  is  indeed  antiseptic, 
but  only  because  it  dissociates  very  readily  into  its  Ingredients.  It 
possesses   absolutely  no  advantage  over   ordinary  carbolic  acid. 

2.  By  combining  the  carbolic  acid  with  proteids:  the  resulting  com- 
pounds do  not  give  up  their  carbolic  acid  at  all  readily,  and  are  there- 
fore of  little   value. 

3.  By  the  substitution  of  an  H  of  the  CJI.  by  CH^  producing  the 
cresols   (see  below). 

4.  By  an  ester-like  combination  with  an  acid.  The  resulting  com- 
pound is  inactive,  but  is  decomposed  in  the  alkaline  medium  of  the 
intestine  by  the  pancreatic  enzymes  and  by  the  bacteria,  liberating  its 
ingredients.  The  original  compound  of  this  class,  Salol,  is  still  the 
most  valuable. 

Salol  is  the  phenyl  salicylate :  C9  H^  qq  q  -a 
It  is  but  very  sparingly  soluble  in  water,  and  produces  hy 
itself  no  antiseptic  qualities.  Its  use  as  antiseptic  dusting 
powder  is  therefore  irrational.  Used  internally,  it  passes 
the  stomach  unaltered,  but  in  the  intestines  it  yields  slowly 
carbolic  acid  and  sodium  salicylate.  The  slowness  of  this 
process  permits  the  carbolic  acid  to  exert  a  full  local  anti- 
septic effect  throughout  the  intestine,  without  danger  of 
flooding  the  organism  with  phenol.  The  salicylate  of  sodi- 
um takes  no  part  in  the  local  action,  but  is  absorbed,  and  in 
its  passage  through  the  body  it  exhibits  the  salicylic  acid 
action. 

5.  MATERIA  MEDICA  OF  THE  PHENOL  GROUP. 

Phenol  (U,  S.  P.)  [Addum  Carbolicinn,  B.  P.J  (Hydroxybeniene). 
GHiOH.  Colorless  crystals,  acquiring  a  reddish  tinge,  due  to  un- 
known and  unimportant  impurities. 

Preparation:  The  coal-tar  separated  in  the  process  of  purifying 
illuminating  gas  is  subjected  to  fractional  distillation.  The  portion 
distilling  between  140°  and  220°  C  is  used  for  Carbolic  Acid ;  it  is 
treated  with  iD%  NaOH,  which  dissolves  the  carbolic  acid  in  the 
form  of  a  sodium  carbolate,  whilst  the  impurities  remain  insoluble. 
The  carbolic  acid  is  then  precipitated  from  its  solution  by  HO,  and 
washed.  This  product  slill  contains  other  substances  (especially  cre- 
sols),  and  has  a  reddish  color  and  a  very  disagreeable  odor.  It  con- 
stitutes the  "Crude  Carbolic  Acid."  This  furnishes  the  pure  by 
repeated  fractional  distillation. 

Phenol  may  also  be  prepared  syjithetically  from  benzol. 

Phenol  is  very  faintly  acid  to  litmus,  but  is  not  a  true  acid,  either 
chemically  or  physiologically. 

Pure  carbolic  acid  melts  at  42°  C,  It  is  soluble  at  25'  C,  in  19.6 
parts  of  water,  freely  soluble  in  Glycerin,  Alcohol,  Ether,  oils,  etc. 
Glycerin  is  the  most  useful  solvent,  and  aqueous  solutions  of  any 
strength  may  be  made  by  adding  a  sufficient  quantity  of  glycerin. 

The  crude  acid  is  much  less  soluble  than  the  pure. 

Carbolic  acid  is  but  rarely  used  internally,  in  dose  of  0.065  Gm,^ 
1   gr.    (U.S.  P.),  largely  diluted,  as  antipyretic  and  intestinal  disin- 
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fcctant  It  is  not  well  adapted  for  either  purpose.  Its  principal  use 
is  as  disinfectant. 

For  disinfecting  instruments  or  hands,  the  saturated  aqueous  solu- 
tion (containing  about  $%)  is  used;  for  washing  wounds,  the  3%; 
for  gargles,   lotions,  and  injections,   1%. 

_  Carbolic  acid  acts  scarcely  at  all  anliseptically  when  in  oily  solu- 
tion. But  carbolated  oil  and  ointment  are  useful  local  anesthetics, 
dermal  irritants,  and  promote  healing.  An  ointment  made  from  crude 
carbolic  acid  is  still  more  effective. 

The  inefficiency  of  the  oily  solutions  is  due  to  their  great  solvent 
power  for  phenol,  preventing  its  transfer  to  the  bacteriafprotopiasm. 
Alcohol  and  glycerin  have  a  similar  restraining  action.  The  solubil- 
ity in  petrolatum  is  very  small,  so  that  ointments  made  with  this  base 
should  be  very  actively  antiseptic  and  irritant. 

The  crude  acid  is  mainly  employed  as  a  cheap  and  eflicient  disin- 
fectant :    the   crystallized    acid    is    sometimes    employed    as   a    caustic, 
especiallj;  in  dental  practice. 
Preparations: 

Phenol  Liguefaetum  (U.  S.  P.)  [Ac.  Carbol.  Luju..  B.  P.].— Made 
Iqr  melting  phenol  and  adding  10%  water.  (Phenol  may  be  mixed 
with  less  than  '/«  or  with  more  than  20  parts  of  water,  but  not  with 
quantities  comprised  within  these  limits.) 

Glyceritnm  Phenolis  (U.S.  P.)  [Glyeeritmm  Ac.  Carbol,  B.  P.).— 
30%.    Useful  for  making  strong  solutions. 

Ungiunlum  Phenolis  (U.  S.  P.,  3%)  [Utig.  Ac.  Carbol.,  B.  P.,  4%]; 
made   with    white   petrolatum. 

Snpposiloria  Acidi  Carbotici   (B.P.)    (against  pruritus). —  1  grain. 

'Oleum  Carbotiiatum.—  S%- 

Trochisci  Acidi  Carbolici   (B.P.).— Each   i   grain. 

The  Phenoluilphoiuites  (Sulphocarbolates)  are  neither  as  toxic 
nor  as  irritant  as  carbolic  acid.  However,  they  have  also  lost  much 
of  its  antiseptic  effect.  The  sodium  salt  is  sometimes  given  to  con- 
trol intestinal  fermentation,  but  would  seem  to  be  suri)assed  by  other 
intestinal  antiseptics.  The  zinc  salt  may  replace  the  zinc  sulphate  as 
astringent 

Sodii  PhenoliMlpkonai  (U.  S.  P.)  \Sod.  Sulphoarbolas.  B.  P.].— 
CJI.(OH)SO.Na  i:4-f-2H,0.  Sol.  in  4-8  water,  130  ale.  Dose: 
0.2s  Gm.  =  4  gr.    (U.S.  P.). 

Zinci  Phenolsulphonas  (U.  S.  P.)  [Zind  Sulphocarbol.,  B.  P.].— 
(■CJI.(OH)SO.),Zn-t-8H.O.  Sol.  in  1.7  water  or  ale.  Dose:  aias 
Gm.=2  gr.  (U.S.P.). 

Phenyli»S«licytas(US.P.)  [Sslol,  B.  P.].— aH.(OH)COOCJI. 
I  ;  a.  Made  by  heating  phenol  in  the  presence  of  phosphorus  penta- 
chlortd.  Sol.  in  2433  water,  5  ale  Dose:  0.3  to  1  Gm.  (S  to  15  grs.) 
(0.5  Gm.=734  grs.,  U.  S.  P.)  as  powders  or  in  capsules. 

II.  Cresol  Group. 
The  Cresols  have  the  chemical  formula  CtHi<^jj  .  Jhe  three 
isomers  (ortho,  meta,  and  para-cresol)  all  occur  in  the  preparations 
which  are  usually  employed.  These  are  obtained  from  the  residue 
remaining  after  the  phenol  has  been  separated  from  the  "crude  car- 
bolic acid,"  of  which  the  cresols  form  the  major  part.  Attention  was 
first  directed  to  their  valuable  qualities  by  Frankel  (1889).  The  in- 
traduction  of  CH.  into  the  phenol  molecule  diminishes  its  toxicity, 

Stadr  Materia  Medica  Lcwon  19. 
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whilst  it  increases  the  antiseptic  power.  The  cresols  are  about  three 
times  as  powerful  as  phenol  in  disinfecting  value,  and  are  said  to 
be  only  about  one-fourth  as  toxic.  Tollens  (1905)  claims,  however, 
that  only  meta-cresol  is  less  toxic  than  phenol;  and  that  the  other 
cresols,  and  the  ordinary  mixtures,  surpass  carbolic  acid  in  toxicity. 
The  paracresol  is  the  most  toxic.  The  local  irritant  action  is  very 
much  less :  in  the  concentration  in  which  th^  are  used,  they  do  not 
blanch  or  benumb  the  skin.  Their  cost  is  also  much  less  than  that 
of  carbolic  acid. 

The  one  great  disadvantage  attaching  to  them  is  their  veiy  sli^t 
solubility  in  water.  This  insolubility  can,  however,  be  readily  over- 
come. The  crude  mixture  may  be  emulsified  or  rendered  soluble  by 
soaps  or  other  agenis.  Or  the  pure  cresols  may  be  employed,  these 
being  very  much  more  soluble  than  the  crude  products. 

The  cresols  are  liquids  of  a  peculiar  odor,  of  a  color  varying  in 
intensity  from  straw  to  almost  black.  The  solutions  also  darken 
with  age,  but  this  does  not  interfere  with  their  activity.  Like  phenol, 
they  do  not  attack  metal  instruments. 

Of  the  following  preparations,  only  the  cresol  and  the  soap- 
s  have  attained  to  any  popularity;  other  solutions  are  too  weak. 


The  soap-mixtures  render  the  hands  slippery,  and  are  therefor 
valuable  than  frikresol  in  operating.  They  do  very  nicely  for  other 
purposes,  and  are  particularly  useful  for  disinfecting  the  hands,  as 
they  render  other  soap  superfluous  i'A  to  1%  solution,  brushing  for 
a  or  3  minutes).  The  potash-soaps  (Liq.  Cresolis  Comp.)  have  an 
advantage   over   the   resin-soaps    in    giving  clear    solutions,   instead   of 

Cruol  Preparation*.— The  cresols  are  used  almost  exclusively  as 
antiseptics.  The  proportions  given  below  refer  to  pure  cresol.  For 
the  mixtures,  the  proportions  should  be  doubled : 

In  surgery.  J^  to  1%;  gargles  or  cystitis,  f^%;  cuspidors  (tubercle 
bacilli)  or  stools,  I  to  i}^%;  for  sponging  rooms  or  soaking  clothes, 
i4  to  1%. 

To  make  a  1%  solution,  add  2  teaspoonsful  to  a.  quart  of  vrater. 

Internal  Dose:  0.05  c.c.  =  i  m.  (U.S.P.). 

A.  Pure  CrMola.— Crwoi  (U.  S.  P.).— C.H,(CH0OH;  a  mixture 
of  the  three  isomeric  cresols,  obtained  from  coal-tar,  freed  from 
phenol,  hydrocarbon,  and  water.  Sol.  in  60  water,  all  proportions  of 
alcohol   or  glycerin.     A  clear,   colorless   or  straw-colored   liquid. 

•  Trikresot,  a  similar  product,  contains  Orthocresol,  35% ;  Meta- 
cresol,  40%;  Paracresol,  25%.    Soluble  in  water  to  2.3  —  2.5%. 

The  isolated  cresols  are  also  on  the  market,  but  present  no  advan- 
tage over  the  mixture. 

Liquor  Cresolis  Compositus  (U.  S.  P.). —  50%  of  cresol,  brought 
into  clear  solution  Xty  a  potash-linseed  oil  soan. 

*  Krfsamin  (Ethylen  diamin  —  Trikresol;  Trikresolamin). —  A  clear 
watery  solution,  containing  25%  of  ethylendiamin,  and  25%  of  trikre- 
sol.   Soluble  in  1.8  parts  of  water. 

The  ethylendiamin  increases  the  penetrating  power,  and  the  bac- 
tericidal power,  so  that  the  latter  is  about  equal  to  full -strength 
trikresol.  Kresamin  has  been  recommended  (as  4  to  20%  ointment 
in  lanolin)   for  eczema  and  lupus. 

B.  Preparatloni  of  Crude  Cruoli  (Crude  Carbolic  Acid). —  Con- 
taining 54  to  J^  of  Cresols: 

/.  Emulsions:  turbid,  brownish  .liquids,  yielding  turbid  suspeosioas 
with  water. 
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2.  Petroleum  Oils  (the  mixture  lowering  the  specific  gravity  to  that 
of  water) :    Safirol. 

3.  Coal-tar  Products   (Carbolic  Acid,  Naphthalin,  Pyridin). 

//.  Solulions:  brownish  liquids,  yielding  clear  solutions  with  snffi- 
cieot  water : 
Prtfartd  with: 

1.  Potash  Soaps  and  Alcohol;  Lysol.  Lysitol;  Lysosotveol;  Sapo- 
hiiol,  PktKoli*.  (Hard  water  will  precipitate  the  soap,  and  cause 
i  tarbid  solution,) 

2.  Creosotinate  of  Sodium:  Solveol,  Solulol  (Salicylate  of  sodium 
may  also  be   used)  ;  Kresooxyacetate  of  sodium :     Kresin, 

3.  Sulfo-acids  (Made  by  heating  crude  carbolic  with  equal  part*  of 
concentrated  H,SO.)  :  Sanatol;  CreoHti-Arlmcmn  (sulfo-acids  of  resin 
and  mineral  oils  may  be  employed). 

III.  Polyatomic  Phenols. 

It  has  been  stated  (p.  357)  that  the  introduction  of  further  [OH) 
molecules  into  phenol  raises  its  antiseptic  power,  but  also  its  toxic 
Md  irritant  action.  Resorcin  —  CH.COH),  is  useful  as  a  dermal 
irritant  and  caustic;  Pyrogallol  is  so  toxic  that  it  cannot  even  be  en- 
dorsed as  a  parasiticide,  for  which  purpose  it  has  been  introduced. 

Pyrogallol,  however,  has  a  special  interest  on  account  of  the  methem- 
egSobin  formation,  which  is  produced  to  some  extent  by  all  members 
of  the  group,  but  most  intensely  by  it.  Concentrated  solutions  acting 
on  bloc^  outside  of  the  body  produce  a  peculiar  insoluble  substance  — 
ktmojieUol.  This  is  never  formed  in  the  body;  here,  and  with  dilute 
lolulionj  in  vitro,  the  corpuscles  become  shrunken,  crenated,  and 
iraginented,  and  lose  most  of  their  hemoglobin.  The  latter  is  partly 
changed  into  methemoglobin.  The  symptoms  of  pyrogallol  poisoning 
are  for  the  most  part  consequences  of  this  process.  It  leads  to  icterus, 
bcmo^lobin-  and  methemoglobin-uria,  and  a  more  or  less  violent 
nephritis,  if  the  disorder  runs  a  slow  course;  or  cyanosis,  dyspnea, 
and  convulsions,  if  the  course  is  rapid.  The  treatment  of  poisoning 
■nwt  be  symptomatic;  large  injections  of  normal  salt  solution  would 
be  indicated. 

Ktsatdol  is  an  insoluble  derivative  of  resorcin  and  salicylic  acid, 
rwommended  for  the  same  purposes  as  resorciiL  Pyrocatechin  and 
HjdroehinoH,  the  isomers  of  resorcin,  are  also  too  toxic  to  be  useful. 
The  latter  has,  however,  important  uses  when  formed  within  the 
bodyr 

Vva  ursi  and  ckimaphiia  contain  a  glucosid.  arbutin.  which  is 
ordinarily  excreted  unchanged,  but  is  split  when  it  comes  into  contact 
"ith  a  catarrhal  mucous  membrane,  with  the  production  of  hydro- 
diinon,  an  efficient  antiseptic  These  plants  are  therefore  valuable 
urinary  dbinfectants. 

MATERIA  MEDICA. 

Pyroganol  (U.S.  P.)  {Pyrogaliic  v^ct'rf).— C,H.(OH).  1:2:3. 
obtained  chiefly  by  carefully  heating  gallic  acid.  Sol.  in  1.6  water, 
1  ale.  The  solutions  turn  brown,  especially  in  the  light  Externally 
«  I  to  5%  ointment  (dangerous). 

ReMwdnol  (U.  S.  P.)  (ffwom«>.— CH.fOH),  1  : 3,  obtained 
usually  hy  the  reaction  of  fused  NaOH  on  sodium  metabenzenedisul- 
plwnale.  Sol,  in  0.5  water  or  alcohol.  Externally  as  10  to  zo%  solu- 
tion in  glycerin,  as  cutaneous  irritant.  Internally,  0.125  to  0.6  Gm. 
{i  to  10  grs.)  (0.125  Gm.  =  2  grs.,  U,  S.  P.)  in  fermentative  dys- 
pepsia. 
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Vvm  Ur»l  (U.S.  P.,  B.'P.).~Bearbeny.—  The  leaves  of  AretottO' 
phylos  '  Vva  Ursi,  Ericaceae.  Northern  Hemisphere.  Arbutin  and 
methyl arbutin.  glucosids,  decomposed  by  water  and  emulsin  with  the 
production  of  h^droquinon.  Inactive  glucosid,  ericoljn,  urson,  consid- 
erable tannic  acid.  Dose:  2  to  4  Gm.  (15  to  60  grs.)  as  infusion  (a 
Gm.  =  30  grs.,  U.S.  P.). 

Fluidextractum  Uva  Ursi  (XJ.S.  P.).— Ji  alcohol,  J^  glyceria  Dose: 

3  c,  c.  {30  la). 

Tinttiira  Uva  Ursi  (B.  P.).— Dose:  J4  to  1  5. 

Infusvm    Uva    Ursi    (B.P.).— 5%.    Dose:    15    to   30   ac.    (J4   to 

ClitnuiphlU  (,IJ.S.P.).—  Pipsissewa;  Prince's  Pine.— The  leaves  of 
Chimafihila  umbellata,  Ericaceas.  North  America.  Also  contains  tan- 
nic acid  and  arbutin.    Dose:  as  for  uva  ursi. 

Fluidextractum  ChitnapkH<e  (U.  S.  P.). —  One-half  alcohol  Dost: 
2.oto8.oc.e.  (^  to  a  drachms)  (2  c.c.  =  30  Tti.,  U.S.  P.). 

IV.  Creosote  Group. 

The  empyreumattc  products  of  the  distillation  of  wood — the  smoke, 
and  the  creosote  and  tar  which  may  be  condensed  from  it, —  posses 
very  considerable  antiseptic  power.  They  consist  indeed  of  a  mixture 
of  coal-tar  derivatives.  The  most  important  of  these  products  from  a 
therapeutic  standpoint  is  creosote,  the  variety  which  is  obtained  from 
beech -wood    being   particularly   valued.     Its   principal   constituents   are 

nrH  OCHi 

guaiacol,  CH,<sh"'  ;  and  creosol,  GH,      CH..    The  action  of  these 

OH.     •  ■  QH 

compounds  could  be  lareely  deduced  from  their  composition,  which  is 
similar  to  the  cresols.  They  should  be  more  strongly  antiseptic  and 
antipyretic,  but  less  irritant  and  toxic,  than  is  phenol.  This  is  indeed 
the  case.  But  further  than  thiS;  clinical  experience  has  assigned  to 
creosote  and  its  constituents  certain  almost  specific  actions: 

T.  In  tuberculosis,  creosote  is  one  of  the  standard  remedies  (see 
Index). 

2.  In  other  pulmonary  disease  (bronchitis,  pneumonia,  etc.)  it  is  simi- 
larly useful ;  but  its  effect  in  this  case  is  greatest  if  it  be  administered 
by  inhalation,  where  the  local  antiseptic  and  stimulant  action  can  also 
come  into  play.  Absolutely  none  is  excreted  by  the  lungs  (Bufalini, 
1904).  However,  it  has  been  proven  that  creosote  increases  the  secre- 
tion of  mucus  (also  of  urine)  even  when  taken  by  the  mouth. 

3.  It  is  an  efficient  intestinal  antiseptic. 

^  In  pleuritic  effusions,  it  hastens  the  absorption  of  the  exudate  when 
it  IS  rubbed  into  the  chest. 

5.  An  antipyretic  action  is  seen  particularly  with  guaiacol.  Ten  to 
fifteen  drops  of  the  saturated  alcoholic  solution,  rubbed  for  ten  to  fifteen 
minutes  into  the  clean  and  dry  skin  of  the  abdomen,  act  as  antTpyretic. 
This  action  is  not  seen  when  the  drug  is  taken  by  mouth,  perhaps  be- 
cause it  is  not  absorbed  sufficiently. 

6.  The  local  anesthetic  action  is  also  utilized,  particularly  in  dentistry. 

Materia  Medica  of  CreOROte.— Creo»tam  (U.  S.  P.,  B.  P.),  Creo- 
sote.—h  mixture  of  phenols,  chiefly  guaiacol  and  creosol.  obtained 
during  the  distillation  of  wood  tar,  preferably  from  the  beech  (Fa^us 
sylvahca.  Cupuliferae;  temperate  lone).  Soluble  in  140  water,  forming 
rather  turbid  solution.  Freely  in  alcohol.  Dose:  0,03  to  O.12  c.c  M 
to  2  minims),  preferably  in  capsules,  on  full  stomach.  May  be  grad- 
ually raised  to  6  drops  if  it  is  well  borne  (0.2  c.c. =3  IR.,  U.  S.  P.), 
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Preparalions: 

Aqva  Creosoti  (U.  S.  P.).— A  1%  solutioD  in  water.  Dose:  4  to  15 
C.C  (I  to4drachms>  (8  cc.  =  23,  U.  S.  P.). 

Mistura  Creosoti  (B.P.).— A  a2%  flavored  watery  solution.  Dose: 
as  the  waier. 

UngueKtum  Creosoti  (B.P.).— 10%. 

Gnaiacol  (U.  S.  P.).— C.H.(OH)  (OCH>)  1  :  2.  This  constitutes  60 
to  90%  of  creosote  and  may  be  prepared  from  it  by  fractional  distilla- 
tion or  synthetically.  A  crystalline  solid  or  colorless  fluid,  of  agreeable 
aromatic  odor,  Sol.  in  53  water,  i  glycerin,  all  proportions  of  alcohol. 
Dose:  o.ia  to  0,6  c.c.  (2  to  10  m,)  (0.5  c.c.  =  8  iri,  U.S.P.).  It  is 
used  locatly  as  50%  solution  in  glycerin  for  swabbing  the  throat ;  or 
with  glycerin  and  Tr.  lodi  for  inunction  in  effusions.  lis  only  advan- 
tage over  creosote  lies  in  its  more  constant  composition. 

*  Creosol  would  be  more  valuable,  but  its  higher  cost  has  precluded 


CreoMte  Substitutes. —  Creosote,  and  the  pure  principles  possess  a 
number  of  undesirable  properties.  They  are  quite  toxic,  after  the 
manner  of  carbolic  acid,  producing  convulsions  and  collapse  in  targe 
doses,  the  convulsions  being  most  pronounced  in  cold-blooded  animals. 
Guaiacol  (but  not  its  carbonate)  causes,  in  very  large  doses,  the  ap- 
pearance of  an  undetermined,  very  viscous,  substance  in  the  urine, 
which  is  supposed  to  be  capable  of  obstructing  the  uriniferous  tubuJes. 
The  insolubility  and  the  disagreeble  taste  of  these  drugs  are  also  very 
undesirable. 

The  irritant  properties  of  creosote  and  the  gastric  derangement  which 
it  thereby  produces  are  important  objections  to  its  use  in  diseases  like 
phthisis,  in  which  a  good  digestion  is  perhaps  of  equal  importance  to 
pulmonary  antisepsis.  In  the  endeavor  to  obviate  this,  a  number  of 
preparations  have  been  introduced. 

I.  The  most  useful  results  have  been  obtained  by  producing  acid- 
esters  of  these  compounds,  the  most  important  being  the  carbonates  of 
gitaiacal  and  of  creosote.  As  explained  under  satol  (p.  364)  such  com- 
pounds are  themselves  inactive ;  they  become  active  only  when  decom- 
posed into  their  constituents.  In  this  way  the  antiseptic  is  liberated 
but  slowly;  its  action  extends  over  the  entire  intestine,  but  the  amount 
which  can  be  liberated  at  any  time  is  too  small  to  be  either  irritant 
or  toxic.  The  creosote  esters  are  decomposed  even  more  slowly  than 
salol,  and  indeed  only  through  putrefactive  bacteria.  They  will  there- 
for only  become  active  where  their  action  is  required;  an  excess  will 
pass  the  intestine  unabsorbed.  As  much  as  6  Gm.  of  Guaiacol  car- 
bonate have  been  given  to  phthisical  patients,  as  much  as  75  Gms,  (2^ 
ounces!)  to  dogs,  without  producing  toxic  symptoms.  With  these  large 
doses,  a  great  deal  of  the  substance  is  passed  in  the  feces,  without 
having  undergone  decomposition.  The  unne  is  darkened,  but  this  has 
no  practical  significance. 

TTiese  compounds  are  very  sparingly  soluble  in  water  more  readily 
in  alcohol,  and  in  oils  (a  combination  with  codliver  oil  often  is  useful). 
They  are  usually  administered  either  in  capsules,  or  as  emulsions  (2 
or  3  parts  of  acacia  to  i  part  of  drug).  They  may  lIso  be  taken  in  an 
eat-  In  their  administration  the  practice  is  to  begin  with  very  small 
doses  (d.3  to  0.4  Gms. —  3  to  6  grains  or  drops)  — taken  three  times  a 
day,  !4  hour  after  meals.  The  dose  is  increased  somewhat  every  second 
da^,  until  the  full  therapeutic  effect  is  obtained,  and  is  then  kept  at  this 
pomt  (usually  25  drops  a  day).  Persistence  in  the  treatment  is  essen- 
tial to  its  success. 

Since  the  liberated  creosote  or  ^aiacol  are  the  active  portion  of 
these  compounds,  the  acid  with  which  they  are  combined  is  absolutejy 
immaterial.    The   carbonic  acid  esters  are  the  cheapest   and  contain 
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the  largest  percentage  of  active  principles,  and  therefor  deserve  the 
preference  which  has  been  universally  accorded  to  them.  Simitar  com- 
pounds have  been  prepared  from  all  other  phenols  —  from  thymol, 
menthol,  etc. 

OuaUcolt  Carboiuf  (U.S.  P.)  (DMofoi).— (CJI.(OCH,)0).CO; 
obtained  by  the  action  of  carbonyl  chlorid  on  sodium  guaiacolate. 
White,  crystalline  powder,  almost  tasteless  and  odorless;  contains  91% 
of  guaiacol.  Insol.  in  water,  sol.  in  48  ale.  Dose:  I  Gm.  ^15  gr. 
(U.S.  P.)  in  powders. 

*Creosoti  Carbonas  {Creosotal),  prepared  in  a  similar  manner  di- 
rectly from  creosote.  It  is  a  thick  oil,  insoluble  in  water,  retaining  the 
odor  of  creosote.  This  constitutes  an  objectionable  quality,  although 
this  compound  is  otherwise  superior  to  the  duotal.    It  corresponds  to 

Compounds  obtained  by  the  use  of  other  acids  are  Pkospkolol:  creo- 
sote phosphite ;  Tanasot:  creosote  tannate ;  Slyracol:  cinnamate ;  Btn- 
losol:  benioate  (54^);  Salicylate,  Oleale,  Gcosoi:  valerianate;  Guaia- 
socol  is  a  diethyl-glycocoll  compound. 

2.  By  substituting  OCiHi  tor  the  OCH.  of  guaiacol,  the  substance 
Guaethol  is  obtained.  Its  action  does  not  differ  from  that  of  guaiacol. 
whilst  its  preparation  is  much  more  expensive. 

By  substituting  another  OCHi  for  an  H  of  guaiacol  there  results  the 
substance  Veratrol,  which  is  almost  inactive,  since  the  [OH],  whidi 
carries  the  action  of  the  whole  group,  cannot  be  regenerated  from 
this  compound.  The  same  is  true  of  the  glycerin-ester,  Guiamar. 
Replacing  an  H  of  the  OCHi  of  guaiacol  by  COiH  yields  Guaiacelin, 
which  is  also  inactive,  from  the  same  reason. 

3.  A  compound  of  a  different  class  is  obtained  by  substituting  sulpho- 

,  OH 

nic  acid  for  an  H  of  C^i  of  guaiacol :    OHi      OCHi.    The  potassium 

SOOf 
salt  of  this  is  known  as  Ihiocol,  the  calcium  salt  as  guaiacyl. 

Thiocol  differs  from  the  other  creosote  derivatives  in  being  soluble 
in  both  water  and  alcohol.  Even  this  quality  loses  in  value,  for  the 
drug  has  a  markedly  bitter  taste.  But  a  yet  greater  objection  is.  that 
the  action  is  weak  and  uncertain.  Otherwise  it  possesses  the  same 
properties  as  guaiacol -carbonate.  It  is  a  fine  white  powder,  containing 
60%  of  guaiacol.     Dose:  1  Gm.  a  day,  raised  gradually  to  3  Gms. 

4.  By  combination  with  formaldehyde  are  obtained  Kreosoform  and 
Guaiaform.  The  objectionable  features  of  guaiacol  are  in  no  way  modi- 
fied in  this  combination,  since  the  [OH]  is  not  covered.  They  are 
quite  irrational, 

5.  Compounds  of  different  composition  have  been  suggested  as  sub- 
stitutes for  creosote.  These  lack  its  most  desirable  qualities,  whilst 
they  are  not  devoid  of  its  undesired  actions. 

A  cresol  solution,  Solveol,  has  been  used.  Whilst  it  shares  some  of 
the  actions  of  creosote,  it  is  in  every  way  inferior. 

A  number  of  volatile  oils  and  stereoptens  consist  of  phenols.  The 
most  important  antiseptic  of  this  type  is  thymol.  On  account  of  its 
"  clean  "  taste,  this  is  a  frequent  addition  to  antiseptic  mouth  washes 
and  gargles.  It  also  finds  some  uses  in  the  laboratory,  since  it  checks 
putrefaction  without  greatly  altering  ferments  or  proteids.  Its  toxicity 
after  absorption  is  about  a  fourth  of  that  of  phenol,  but  only  a  small 
proportion  is  absorbed.  It  has  been  used  Mainst  anchylostoma  duo- 
denale  (2  Gm.,  repeated  in  two  hours,  and  followed  by  Castor  Oil). 

Thymol     (U.S:?.,     B.  R).— CJ1,(CH,)(0H)  ((^H,)     1:3:4;    a 

•  Not  official. 
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phenol  (stereoptene)  occurring  in  the  volatile  oil  of  Thymus  vulgaris, 
Carum  Ajowan,  and  some  others.  Large  colorless  crystals,  of  peculiar 
odor.  Liquifies  when  triturated  with  camphor,  menthol,  or  chloral. 
SoL  in  1,100  water,  freely  in  ale.  Dose:  0.05  to  i.o  Gm.  (i  to  15  grs.) 
(0.135  Gm.^3  grs.,  U.  S.  P.).    Locally  as  saturated  aqueous  solution. 

Liquor  AntUepHcus  (U.S.  P.).— A  mild  antiseptic,  containing  in 
1,000:  ».  Boric  acid;  i.  Benzoic  acid;  I.  Thymol;  azs  Eucalyptol;  aS 
Oil  Peppermint;  0.25  Oil  Gaultheria;  0.1  Oil  Thyme;  250  Alcohol.  A 
number  of  proprietary  mixtures,  e.  g.,  "  listerin,"  have  a  similar  com- 
position. 

Crude  Natural  Mixtures  (T*n).— The  following  deserve  mention; 

PIx  Liquid*  (U.S.  P.,  B.P.)  [Fix  CarbonU  Praparata,  B.  P.].— 
Pine  Tar. —  An  aromatic  oleoresin  obtained  by  the  destructive  distilla- 
tion of  pine  woods,  particularly  that  of  Pitrns  palustris,  Coniferse, 
United  States.  Dose:  0.5  Qm.  =  7'A  grs.  (U.S.  P.),  Soluble  in  alco- 
hol or  oils ;  only  partly  in  water.  Tar  consists  of  a  mixture  of  resinous 
and  volatile  principles.  When  it  is  subjected  to  redistillation,  it  can 
be  separated  into  a  fixed  portion, —  pitch, —  consisting  main^  of  rosin; 
and  a  volatile  portion  which  separates  into  Oil  of  Tar  (Oleum  Picis 
Liquida,  U.S.  P.)  and  pyroligneous  (crude  acetic)  acid.  The  oil  of 
tar  consists  of  various  coal-tar  derivatives,  mainly  Cresols^  Guaiacol, 
Phenol,  Xylol,  Toluol,  and  Pyrocatechin.  It  also  contains  methyl 
alcohol  and  acetone.    Dose:  ox  c.c,  =  3  rn..  (U.S.F.). 

Tar  is  used  externally  as  antiseptic,  parasiticide,  and  counterirritant, 
in  the  form  of: 

Unguentum  Picis  Liquids  (U.  S.  P.,  B.  P.).— 50%,  in  yellow  wax 
and  lard. 

Internally,  it  is  used  in  bronchitis,  like  creosote,  and  as  an  ex- 
pectorant, most  usefully  as ; 

Syrupus  Picis  Lxqutda  (U.  S.  P.).— Dare.-  4  to  15  c.  c-  (i  to  4 
drachms)   (4  c.c.  =  i3  U.  S.  P.). 

•  Vinum  Pieis.  N.  F. 

*Bmpyroform  is  a  formaldehyd-tar  compound.  It  is  an  insoluble 
brown  powder,  which  is  used  as  an  ointment  in  the  place  of  tar  in  the 
treatment  of  skin  diseases.    Its  main  advantage  lies  in  the  absence  of 

Oleum  Cadinum  (U.  S.  P.,  B.  P.)  (Oleum  Juniperi  Empyreumati- 
cum). —  Oil  af  Co*/?.— The  tar  obtained  from  Juniperus  Oxycedrus, 
Conifene,  Mediterranean.  Used  externally  like  tar,  having  a  less  im- 
pleasant  odor. 

V.  Coal  Tar  Dyes. 

The  striking  phenomenon  of  bacteria  and  tissues  "fixing"  stains, 
suggested  the  somewhat  crude  idea  that  this  must  be  connected  with 
a  specific  toxicity  to  such  bacteria.  This  is  by  no  means  the  case. 
Antiseptic  and  coloring  power  are  two  very  distinct  properties,  which  may 
indeed  be  coexistent,  but  which  are  in  no  way  interdependent.  These 
dyes,  betonginK  to  the  coal-tar  group,  share  m  the  general  antiseptic 
action.  But  the  coloring  power,  which  was  the  original  impetus  to 
their  employment,  interferes  with  their  usefulness.  The  staining  of 
the  urine,  the  linen  and  bandages,  the  hands  of  the  operator,  etc.,  are 
very  undesirable.  To  this  comes  the  fact  that,  when  prepared  as  dyes, 
they  are  often  so  impure  as  to  be  unfit  for  medicinal  use.  Vet  con- 
fusion of  the  dye  and  the  medicinal  drug  is  far  from,  uncommon,  e.  g.. 
with  Methylen  Blue. 

MetbylthlonliUB  Hydrochlorldum  (U  S-P).— Methylene  Blu« 
(medicinal)  (not  to  be  confused  with  melhyl  Wm?.').— CiiH„N,SCI; 
readily  sol.  in  water  or  ale.    Dose:  0.02  to  0.25  Gm.  ('A  to  4  grs.)  (a25 

Study  Materia  Hediea  Lenon  jn. 
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Gtn.=4  gi6.,V.  S.  P.).    ExUmally,  in  0.5%  solution  for  mucous  mem- 
branes \  in  3%  for  skin. 

The  dru^  has  been  used  considerably  as  an  analgetic  and  antipjretic 
in  neuralgia,  neurites,  and  sciatica ;  as  an  antipyretic ;  in  cystitis, 
urethritis,  conjunctivitis,  and  in  skin  diseases;  as  an  antizymotic  in 
malaria.  It  paral^es  the  malarial  plasmodia  even  more  powerfully  than 
does  quinin,  but  in  practice  it  has  not  proven  a  very  useful  substitute 
for  the  alkaloid.  It  sometimes  produces  i^stro- intestinal  irritation, 
vesical    spasm,    and    excessive   diuresis.    It    is   sometimes    used    as   a 

*  Fuckan  is  quite  strongly  antiseptic,  and  very  little  toxic'  but  has 
not  been  greatly  used. 

.  ^  Externally,  as  disinfect- 
'  [      ant,  I  to  4 :  10,000,  or 
)      2%  ointment. 

The  methyl-violet  is  the  stronger  antiseptic  and  the  less  toxic  CStill- 
ing,  i8go).  It  has  also  been  used  in  inoperable  malignant  tumor,  it 
being  claimed  that  it  causes  the  neoplasm  to  disappear. 

*Acidum  PicTicum.— Picric  Acid.— Trinitrophenol,  CJIi.(NO,)tOH. 
Preparation:  Nitration  of  Phenyl -sulphuric  Acid  by  Nitric  Acid.  Yel- 
low crystalline  powder  of  very  bitter  taste,  soluble  in  90  parts  water, 
more  readily  in  alcohol.  The-  watery  solution  stains  organic  substances 
an  intense  yellow-  Now  obsolete  in  medicine.  Whilst  it  is  quite 
strongly  antiseptic  and  anesthetic,  it  is  very  toxic.  If  absorbed,  it 
destroys  the  red  corpuscles,  and  produces  nephritis,  convulsions,  and 
death  through  paralysis  of  respiration. 

Bensosulphonidum  {Saccharin) :  This  substance  (see  Index)  acts 
as  a  protoplasmic  poison  and  restrains  all  ferments,  especially  the 
salivary  and  pancreatic,  and  probably  the  oxidations  within  the  bod^. 
Large  doses  cause  headache,  depression,  stupor,  convulsicms,  and  nephri- 
tis. It  is  promptly  and  completely  excreted  unchanged  (Mathews  and 
McGuigan,  1905). 

VI.  Salicyuc  Acid  Group. 

The  salts  and  esters  of  salicylic  acid  are  practically  inactive  outside 
of  the  body;  at  least,  their  antiseptic  action  is  insignificant  Sys- 
temically,  however,  they  produce  equal  effects,  the  salicylic  acid  being 
liberated  by  the  carbonic  acid  of  the  blood.  The  free  acid  is  markedly 
antiseptic, 

Actiona. —  The  effects  of  salicylic  acid  differ  from  those 
of  phenol  by  a  lesser  action  on  the  central  nervous  system. 
The  convulsive  action  is  almost  absent,  and  the  collapse  ac- 
tion much  weaker  than  with  carbolic  acid.  The  antipyretic 
and  analgesic  effects  are  mot%  conspicuous.  The  antiseptic 
effects  differ  from  those  of  phenol  by  the  lesser  penetration 
on  account  of  the  non-volatile  nature  of  the  substance.  The 
irritant  effects  are  weaker,  except  in  the  case  of  the  free  acid. 
However,  all  salicylates  have  a  nauseant  taste  and  produce 
considerable  gastric  irritation. 

Large  doses  sometimes  cause  abortion.  They  are  therefore  contra-in- 
dicated in  ijregnancy. 

Injected  intravenously  into  animals,  methyl  and  ethyl  sal icvlates  cause 
pulmonary  edema  through  injury  to  the  capillary  waits. 
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Salicylates  increase  the  flow  and  secretion  of  bile.  They  are  slightly 
diuretic,  perhaps  through  renal  irritation.  The  excretion  at  sulphates, 
of  nitrogen,  and  esjKcially  of  itric  acid  is  increased,  to  such  a  degree 
that  it  must  be  attributed  to  an  increased  destruction  of  proteids,  and 
□ot  simply  to  the  diuresis.  According  to  Hall  (itXH)  the  excretion  of 
endogenous  purini  is  increased,  not  by  increased  production,  but  by 
lessened  destruction,  (The  increase  of  uric  acid  excretion,  which  was 
claimed  for  benzoic,  salicylic  and  quinic  acids  (Weiss,  1898),  has  not 
been  confirmed  by  some  recent  observers  (Hupfer,  1903 ;  Taltavall  and 
Gies,  igo^).)  Salicylic  acid  does  not  affect  the  absorption  of  fat  or 
proteids.  The  leucocytes  of  the  blood  are  doubled  an  hour  after  taking 
salicylates,  but  return  to  normal  within  two  hours.  The  excretion  of 
talicylif  acid  is  usually  completed  in  25  hours.  Large  doses  color  the 
urine  green.     For  the  fate  ot  the  acid,  see  below. 

The  distribution  of  salicylic  acid  in  the  body  is  extensive.  Traces 
are  present  in  all  organs,  but  the  greatest  quantity  is  found  in  the 
blood   and  joints,   especially   in   infected    animals    (Bondj   and   Jacoby, 

Poixming  b^  salicylates  is  rare;  the  cinchonism  indicates  sufficiently 
when  the  administration  has  been  carried  far  enough.  The  treatment 
is  entirely  symptomatic.  No  bad  effects  have  ever  been  referable,  with 
certainty,  to  the  use  of  saiic}dic  acid  as  a  food  preservative;  but  it  is 
not  improbable  that  such  exist. 

Therapentio  Uiw —  The  salicylates  are  used  principally  in 
acute  articular  rheumatism,  where  their  effect  is  so  specific 
that  they  have  a  diagnostic,  as  well  as  a  therapeutic  value. 
They  allay  the  pain,  fever  and  swelling  almost  immediately, 
when  they  are  administered  in  sufficient  quantity.  They 
have  no  effect  on  the  course  of  the  endocarditis  if  this  has 
started  before  the  salicylates  are  begun.  They  are  nearly 
as  effective  in  acute  muscular  rheumatism.  In  chronic  rheu- 
matism they  are  practically  useless.  Salicylates  are  also 
used  against  headache  and  as  antipyretic.  Free  salicylic 
acid  is  an  efficient  preservative.  Its  softening  action  on  the 
epidermis  is  utilized  in  skin  diseases  (ointments)  and  in 
"corns"  (dissolved  in  collodion). 

Administration. —  For  internal  use,  the  free  salicylic  acid  is  too  irri- 
tant. The  sodium  salicylate  is  the  most  commonly  used,  notwith- 
standing its  mawkish,  nauseant  taste.  This  may  be  partly  disguised 
by  giving  the  salt  in  carbonated  water,  or  by  the  addition  of  glj^cerin 
(^  parts  of  this  to  each  of  the  salicylate),  flavoring  with  peppermmt  or 
wmtergreen  water. 

To  be  effective  in  acute  rheumatism,  large  doses  must  be  adminis- 
tered: I  to  1,3  Gm.  (is  to  20  grains)  should  be  given  every  hour,  until 
the  ears  ring  (requiring  a  total  of  15  to  ao  Gms,,  200  to  300  grains; 
this  often  causes  some  delirium),  Tlie  administration  should  then  be 
stopped  for  twelve  hours.  After  this,  1  Gm.  (15  grains)  should  be 
given  every  four  hours  for  several  weeks,  keeping  the  patient  in  bed 
as  long  as  possible.  As  a  prophylactic  treatment,  i  Gm.  (15  grains) 
may  be  given  three  times  a  day  for  a  week  in  every  month. 

If  the  sodium  salicylate  is  not  tolerated,  oil  of  gaultheria  or  aspirin 
may  be  substituted.     Somewhat  larger  doses  will  be  required.     Oil  of 
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be  had  to  the  much  less  efficient  anlipyrin,  I  to  3  Gm.,  three  times 
per  day.) 

In  very  severe  cases,  the  intravenoui  injection  of  sodium  salicylate 
may  be  justified.  Mendel  (1905)  uses  2  c.  c.  of  a  solution  containinK 
16%  of  the  salicylate  and  4%  of  caffein,  every  twelve  hours  for  thre« 
days. 

Salicylic  Acid  Derivative. —  The  disagreeable  qvaiitiet  of  the  sali- 
cylates depend  mainly  upon  their  local  irritant  action,  and  consist  in 
a  nauseant  taste  and  in  gastric  irritation.  Vomiting  may  ensue,  and 
render  their  use  impossible.  Cinchonism  may  also  set  in.  These  fea- 
tures may  be  removed  by  the  use  of  insoluble  compounds  which  are  in- 
active as  such,  but  from  which  salicylates  are  alowiy  split  off  in  the 
intestine.  The  first  synthetic  compound  of  this  kind  to  be  used,  was 
SaloL  This  is  not,  however,  ideal,  for  the  liberated  phenol  exerts  its 
own  action,  which  is  too  powerful,  when  only  the  salicylic  acid  action 
is  wanted.  The  combination  with  inactive  radicles  is  then  much  more 
useful.  A  compound  of  this  kind  is  methyl-salicylate,  t-^'^XrvrH, 
which  exists  naturally  as  oil  of  wintergreen  and  as  oil  of  sweet-birch, 
but  which  is  also  prepared  syntheiically,  the  last  being  the  feast  irri- 
tant. Me  thyloxym  ethyl  sal  icy  late  {mesotan)  is  a  similar  product. 
Another  natural  compound  of  this  order  is  Salicin,  a  glucosid,  which 
on  decomposition  in  the  intestine  yields  Saligenin,  ^^•'^rHiOH 
('salicylic  alcohol),  and  this  is  readily  oxidized  to  salicylic  acid.  ^oFo- 
QTT  belongs  to  the  same  general  type. 

phen,  CtHi<?.iJ  ^  u  vt  u  prints        being  formed  by  the  combination 
CO,.Cm.N.H.COCH.      ^^  ^^n^Uc  acid  and  acetanilid. 

In  all  these  compounds,  the  substitution  occurs  in  the  COiH  group. 
The  OH  may  also  be  replaced;  but  most  of  the  products  of  the  latter 
class  regenerate  salicylic  acid  so  slowly  as  to  be  useless.  Acetyl  Sali- 
cylic Acid  (Aspirin)  CHj<^Qjj'is  a  notable  exception;  it  produces 
a  fair  systemic  action  with  a  minimum  of  local  irritation. 

Materia  Medica  of  Salicylic  Acld.—Acldum  SallcyUcnm  (U.  S.  P., 
B.  P.).— Salicylic  Acid.    aH,(OH)CO0H  1  :  2. 

Preparation:  (a)  Synthetically,  by  the  action  of  COt  on  sodium  car- 
bolate,  according  to  the  end-reaction : 

CJI.ONa  -I-  CO,  =  CH,<ggjj^ 
This  sodium  salicylate  is  decomposed  by  HCl. 

(d)  From  oil  of  wintergreen  (methyl  salicylate)  by  saponification 
with  an  alkali. 

It  is  sometimes  claimed  that  the  salicylates  prepared  from  winter- 
green are  much  superior  to  the  synthetic ;  but  there  does  not  appear 
to  be  any  strong  proof  of  this  assertion. 

Characters:  A  white,  li(;ht,  crystalline  powder  or  needles  of  a  sweet- 
ish taste,  producing  sneezmg  when  inhaled.    Soluble  in  yX  parts  water  - 
or  2  parts  of  alcohol. 

Uses:  Externally  as  disinfectant  in  mouth-washes,  etc. ;  for  destroy- 
ing epidermis,  etc.  (corns) ;  for  preserving  food  substances,  J4  to  6j>er 
ifloo.'  Internally  it  has  been  replaced  by  the  salicylates.  Dose:  CS  Gm. 
=  7^  grs.  (U.S.  P.). 

VnguenlMtn  Acidi  Salicylici  (B.  P.),— 2%. 
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*Colfodium  SaHeylalum  Compotilum  (N.  R),  a  com  prei>aration. 
It  omtains  ii%  of  the  acid,  Extract  of  Cannabis  in4,  and  flexible  col- 
lodion.   It  is  applied  at  night  and  the  corn  is  scraped  in  the  morning. 

SalicyUte*. —  White  powders  or  crystals,  turning  pink  on  exposure; 
disagreeable  sweetish  taste.  The  solutions  soon  acquire  a  brown  color. 
Freely  soluble  in  water,  alcohol,  and  glycerin ;  Strontium  salicylate  less 
so.  Dose:  0.3  lo  2.0  Gm.  {5  to  30  grs.)  (i  Gm.  =  15  grs.,  U.  S,  P,).  in 
solution. 

I  part  of  salt  is  soluble  in  water      alcohol 

Sodii  SaUcylat  (U.  S.  P.,  B.  P.).—  NaCiH.O, 0,8  5.5 

Ammonii  Salicylai  (XJ.  S.  P.).— NH.CtH.O. 0.9  2.3 

Litkii  Salicyliu  (0.5.  P.).— LJ.CH.O* Very  soluble 

Sirontii  Salicylas  (U,  S.  P.).— Sr(GH,0,). 18.  «. 

Salicylates  are  incampalible  with  acids. 

Salkyltc  Etttn.— Methyl  Salieylale   (CH..GH.O.)  exists  in  three 

As  a  synthetic  product:    Methyl  Salieylas  (U.S.  P.). 

As  the  volatile  oil  of  Belula  Unta:  Oleum  Betula  Volatile  (U.  S.  P.). 
—  Oa  of  Sweet  Birch. 

As  the  volatile  oil  of  Gaultkeria  procumbent:  Oleum  GauUheria 
{U.S.P.).— Oi/  of  Wintergreen. 

The  dose  of  these  is  0.06  to  I  c,  c.  ( I  to  15  minims)  (i  c.  £  =  15  nx, 
U.  S.  P.).    Sol.  in  all  proportions  of  alcohol ;  very  sparingly  in  water. 
They  are  less  irritant  and  disagreeable,  but  also  much   less  active, 
than  the  sodiom  salicylate. 

'Aspirin  (Acetyl -salicylic  acid), —  White  needles,  acidulous  taste. 
Sol.  in  100  water.  Incompat  with  alkalies.  Dose:  i  Gm.  (15  grs.),  in 
powders. 

*  Mesotan  (Methyloxymethyl-salicylic  acid). —  Gear,  yellow,  faintly 
aromatic  fluid,  almost  insoluble  in  water;  sol.  in  ale.  and  in  oils.  Readily 
absorbed  by  the  skin  from  its  oily  solution.  It  is  used  by  rubbing  a 
leaspoonful  of  a  mixture  of  equal  parts  of  mesotan  and  olive  oil  into 
the  skin  at  the  site  of  the  rheumatic  pain  (Dreser,  1903). 

Phenylis  Salicylas  (Salol). —  See  Index. 

•  Salophen  (  Ace to-para-amido- salol) . —  Colorless  crystals,  insoluble 
in  water,  soluble  in  alcohol.     Dose:  i  to  2  Gm.   (15  to  30  grs). 

Saticinum  (U.  S.  P.,  B.  P.).^  CitHuOi ;  a  glucosid  derived  from  sev- 
eral species  of  willow  and  poplar.  Soluble  in  21  parts  of  water  or  71 
of  alcohol  Dose:  0.3  to  2.0  Gm.  (5  to  30  grs.)  (i  Gm.^15  grs., 
U.  S.  P.). 

VII.  OTHER  AROMATIC   ACIDS. 

We  have  just  seen  how  the  simultaneous  presence  of  OH  and  COiH 
gives  very  valuable  antiseptic  qualities  to  the  benzol  ring.  For  this 
purpose  the  two  groups  must  be  in  ortho- position ;  the  para  and  meta- 
isomers  being  inactive. 

In  Benzoic  acid,  there  is  substitution  of  COiH  alqne.  This  com- 
I>ouad  (and  its  salts)  are  almost  devoid  of  antiseptic  or  toxic  quati- 

AcMmoi  Benzotcam  (U  S.  P.,  B.  P.).— B^nioiV  -4fid.— C.H.CO,H. 
Prepared  by  treatment  of  Toluol  (CH.CH.)  with  Chlorin  and  heating 
with  water  to  150°  C.,  or  by  sublimation  of  Gum  Benzoin.  Soluble  in 
38  parts  of  water  and  1.8  parts  of  alcohol.  Dose:  0.5  Gm.  =  7!^  grs. 
(U.S.P.).  Externally,  as  ointments,  5  to  10%:  as  wash,  1%  (with 
addition  of  alcohol)- 

Trochiscus  Acidi  Bemoid  (B.  P.).—  Each  !4  grain. 
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I  part  soluble  in  water      alccdiol 

Sodii  Bemoas  (U.  S.  P..  B.  P.) .— NaCH.O. 1.6  43. 

/4mmomifl««/oaj  (U.S.P.,B.P,).— NH.GH.O,....  10,5  25. 

LiMi    Benssoas    (U.  S.  P.).— LiGH.O, 3.  13. 

Clnnunlc  Add,  C,Hg.CH  =  CH.CO>H,  has  also  ver^  little  antiseptic 
action  or  toxicity,  but  specific  quaiities  are  claimed  for  it  in  tubercidosis 
(see  Index). 

*Sodii  Cinnamas  (Hetol). —  Used  in  tuberculosis.  Formerly  given 
intravenously,  now  often  hypodermically,  3  to  20  c  c.  per  day  of  a  4% 
solution,  continued  for  3  to  6  months. 

The  aromatic  balsams— Balsam  of  Peru  and  Copaiba,  Styrax,  Tolu, 
Benzoin,  etc. —  also  owe  their  activity  largely  to  members  of  this  series; 
benzoic  and  cinnamic  acid,  etc.    They  are  discussed  in  Chapter  XXIX- 


VIII.     NAPHTHAUN     DERIVATIVES. 


This  compound  is  but  slightly 
antiseptic,  although  it  produces 
toxic  effects.  The  introduction  of 
OH,  forming  Naphtkoi,  gives  it  an 
antiseptic  action.    Two  isomers  ex- 


Napkthalin  C»Hi 


H 


100  CO- 


The  alpha  is  far  more  toxic  and 
is  not  employed  in  practice.  The 
beta  is  very  little  soluble  in  water, 
and  its  use  is  restricted  I 
tina!  antisepsis  and  to  dermatol- 1 
ogy.    Its     sodium     con 

CaHTONa     is     soluble,     ana     is      •  ai„i,:  "hi.  " 

known   as  Mikrocidin.    The  beta        ^'P^"-  ^*^ 

naphthol  possesses,  like  all  phenols,  some  irritant  properties,  whidi 
can  be  removed  by  replacing  the  OH  by  acids,  producing  salol-likc 
esters.  The  naphtha)  is  slowly  liberated  from  these  in  the  intestine. 
The  most  useful  compound  of  this  class  is  the  naphthol  benzoate, 
CJItCOi.CiiHi,  known  as  bensonaphlhol.  This  also  causes  diuresis. 
By  replacing  an  H  of  the  CidHt  of  the  naphthol  by  the  oxytoluic 

radicle,  an  acid  is  obtained,  CioH.<J=t,  — OH,  which  is  known  u 

^-^      CO.H 
epicariu.    It  is  stron^l^  antiseptic,  but  little  irritant,  and  is  used  ex- 
ternally against  parasitic  skin  diseases. 

Quiaalin  is  strongly  antiseptic  to  bacteria  (although  it  has  no  action 
on  yeast),  but  is  too  toxic  to  be  useful.  The  introduction  of  a  methyl 
or  other  alkyl  radicle  increases  the  antiseptic  power.  A  derivative  has 
been  introduced  under  the  name  of  OxyckinaSfpM  or  Diaphttrin,  but 
it  has  not  become  popular.     It  blackens  metallic  instruments. 

Materia  Medica.— N>phthaleni>m  (U.  S.  P.).— C=H.:  colorless 
crystalline  powder,  insoluble  in  water,  sol.  in  13  ale;  coal-tar  odor  and 
hot  taste.  Dose:  o.i  to  0.5  Gm.  (2  to  ?  grs.)  (0.125  Gm.^2  grs., 
U.  S,  P.). 

BeU  Naphthol  (U.S.P.)    {Naphthol.  B.  P.].— C»H,OH;  resemble* 
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naphthalin  in  physical  characters.  Sol.  950  water,  0.61  ale  Dose: 
oa  to  1.0  Gm.  {3  to  15  grs.)  (0.250  Gm,  =  4  grs.,  U.S.  P.).  (The 
administratioD  of  this  substance  has  been  observed  to  produce  chaJiges 
in  the  retina  and  opacity  of  the  lens.) 

*  Betuonaphlhol.— A  white  crystalline  powder,  free  from  odor  or 
taste;  insoluble  in  wat.:r,  sparingly  in  alcohol.  Dote:  5  Gms.  (75 
grs.)  per  day,  in  divided  doses  of  as  Gm.  (8  grains)  every  two  houre, 
as  powders. 

'Epicarin. —  Colorless  or  yellowish  needles,  very  little  soluble  in 
water,  easily  in  alcohol  or  oils.  Used  in  10  to  20%  ointment;  or  in 
10  to  50%  alcoholic  solution. 

IV.  FATE  OF  THE  COAL-TAR  DERIVATIVES  IN  THE  BODY. 

The  aromatic  compounds  tend  to  undergo  oxidation  in  the  body; 
but  this  affects  in  almost  all  cases  the  hydrogen  atoms  or  side-chains 
only,  leaving  the  carbon  atoms  of  the  ring  intact,  and  preserving 
the  form  of  the  latter.  This  results  in  hydroxyls  or  acid  groups.  These 
new  compounds  again  enter  into  combinations, —  those  containing 
hydroxy!  groups  with  sulphuric  and  glycuronic  acids ;  those  containing 
acid  radicles  with  glycocoll.    A  few  formulas  will  illustrate  this: 

C.H.+0»=C.H,  8[{|C,H,  g|j+ H.SO,=C.H,  ^^q, +"'0+O 
Benzol         Dioxybeniol  Phenol-sulphuric 

C:jI..OH  +  HCO..(CH.OH)..COH=C:jI^CO,.(CH.OH),.COH  +  H.O 

Phenol.  Glycuronic  Acid.  Phenol -glycuronic  Acid. 

HGH,0,  -I-  CJI,NO,= HC.H,NO.  +  H/D 

Salicylic  Acid.  Glycocoll.      Salicyluric  Acid. 

HGH.O.  +  CJI,NO,=HC,HJJO,  +  H,0 

Benzoic  Acid.  Hippuric  Acid. 

There  are  considerable  differences  in  detail ;  other  products  are 
formed  along  with  those  given,  such  as  hydrochinon,  pyrocatechin, 
etc.,  whose  oxidation  products  give  rise  to  the  characteristic  dark 
color  of  the  urine.  These  products  have  not  been  thoroughly  studied, 
but  some  are  closely  related  to  humin.  (Picric  acid  gives  the  urine  a 
peculiar  red  color;  Walko,  1901.) 

The  formation  of  these  combined  acids  is  of  considerable 
practical  importance.  They  are  much  less  poisonous,  and 
their  production  is  in  that  measure  a  protective  mechanism, 
whose  efficiency  can  be  increased  by  the  administration  of 
soluble  sulphates.  They  also  fonn  an  index  to  the  gravity 
of  the  poisoning.  The  phenol  sulphates  do  not  precipitate 
with  barium,  and  hence  so  long  as  the  urine  gives  a  precip- 
itate with  the  latter,  it  is  a  certain  indication  that  the  organ- 
ism is  able  to  cope  with  the  poison.  But  when  the  precip- 
itate becomes  very  small  or  disappears,  the  sodium  sulphate 
should  be  pushed  rapidly.  These  compounds  also  reduce 
copper,  and  may  therefore  be  mistaken  for  sugar.     The 
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reduction  usually  occurs  only  after  standing  some  time,  if  it 
is  due  to  these  compounds. 

The  principal  drugs  which  cause  the  appearance  of  reducing  *«fr- 
stances,  not  sugar,  in  the  urine  ar« :  Turpentine,  chloroform,  chloral, 
phenacetin,  saccharin,  salicylic  acid,  balsams. 

V.  METHEMOGLOBIN  FORMATION.' 

In  describing  the  coal-tar  products,  we  have  frequently  had  occasioo 
to  mention  the  formation  of  methemoglobin  by  them. 

Methemoglobin  has  the  same  elementary  composition  as  oxyhemoglo- 
bin, but  the  two  differ  very  essentially  in  certain  of  their  properties: 

I.  The  spectrum  (see  Fig.  79).  The  color  of  methemoglobia  has 
more  of  a  brownish  tinge. 

Red.  Orange.    Vellow.  Green.  Blue. 


Fig.   79. —  Spectroscopic   b*iid   of   blood   pigmenta. 

3.  In  the  readiness  with  which  they  give  up  oxygen.  Whilst  fte 
oxjrhemoglobin  is  a  very  unstable  compound,  giving  up  Its  oxygen  and 
taking  it  again,  with  great  readiness,  methemoglobin  is  a  compara- 
tively stable  and  unchangeable  compound. 

3.  In  their  behavior  to  certain  reagents.  For  instance,  HCN  docs 
not  form  any  characteristic  compound  with  oxyhemoglobin,  but  with 
the  methemoglobin  it  gives  cyan  methemoglobin.  Similar  compounds 
are  formed  with  HiOi,  sulphocyanids,  and  many  other  salts,  and  also 
with  alkalies. 

Methemoglobin  may  be  formed  from  oxyhemoglobin  in  ^uite  a  num- 
ber of  different  ways: 

I.  By  oxidizing  agents:  KOOt;  Pot.  ferricyanid;  Pot  perman- 
ganate, H.0,,  etc. 

3.  By  reducing  agents:  The  nitrites,  hydroxylamin,  formalin,  iodin, 
chrysarobin,  etc.  ;■  coal-tar  products.  (Phenylhydrazin  also  gives  re- 
duced hemoglobin,  and  destroys  some  of  the  hemoglobin  absolutely, 
producing  a  new  compound  which,  under  certain  conditions,  yields  a 
'  ExiTdie    21.     For   Bibliography,    ■«    Bencdicenti,    ArehiT 
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green  pigment,  hemoverdin.    The  precipitalion  of  hemoglobin  by  pyro- 
gajtol  m  shed  blood,  has  been  mentioned  previously.) 
3.  In  the  early  stages  of  putrefaction,  and  by  the  action  of  light. 


.  By  acids  (this  has  recently  been  denied). 


4.  By  salts  and  glyce 

i.  By  acids  (this  has 

The  methemoglobins  formed  by  these  different  methods  were  formerly 
considered  identical.  Lately  it  has  however  been  demonstrated  that 
tbeir  spectra  show  certain  differences. 

Tht  physiologic  significance  of  this  methemoglobin  fonnation  rests 
on  the  stability  of  the  compound  and  its  consequent  Inability  to  carry  out 
the  functions  of  oxyhemoglobin.  This  produces  asphyxia  of  the  tis- 
sues. Pure  methemoglobin  solutions  may  be  injected  into  the  blood, 
without  causing  any  symptoms.  Even  the  urine  remains  free  from 
albumin  or  methemoglobin.  The  compound  is  in  part  secreted  by  the 
bile,  in  part  deposited  in  the  hematopoietic  organs. 

Nor  is  the  temporary  conversion  of  a  considerable  proportion  of  the 
oxyhemoglobin  into  its  isomer  of  great  significance ;  for  methemoglobin 
is  not  absolutely  stable,  and  as  soon  as  the  oxygen- starvation  of  the 
tissues  is  carried  to  a  certain  degree,  they  seize  upon  the  methemoglo- 
bin and  decompose  it.  The  conversion  of  a  third  of  the  hcmoglolun 
into  methemoglobin  causes  only  very  slight  symptoms ;  and  life  is 
still  possible  when  three-fifths  of  the  hemoglobin  has  been  replaced. 
Life  becomes  extinct  when  the  hemoglobin  has  sunk  to  one-third. 
The  condition  can  therefore  become  dangerous  only  if  the  melhem- 
oglobin-former  continues  ils  action.  This  does  not  occur  in  thera- 
peutic doses  of  any  of  these  drugs,  but  may  contribute  to  the  fatal 
ending  in  cases  of  poisoning.  The  symptoms  are  those  of  asphyxia. 
There  is  a  peculiar  blue  about  lips  and  finger-nails,  etc.  The  methem- 
oglobin gradually  returns  to  oxy-  or  reduced  hemoglobin  after  death, 
so  that  an  examination  after  several  days  may  fail  to  reveal  its  pres- 

Most  of  these  drugs  transform  the  hemoglobin  inside  of  the 
corpuscles,  without  injuring  the  vitality  of  the  latter;  but  some  cause, 
in  addition,  a  breaking  up  of  the  corpuscles,  and  this  greatly  increases 
the  danger.  Aside  from  the  asphyxia  which  must  be  proportioned  to 
it,  the  proteid  and  other  substances  liberated  cause  inju^  to  the  kidney 
—  albuminuria,  glycosuria,  methemoglobinuria,  etc.  It  is  also  claimed 
that  it  causes  the  sudden  formation  of  fibrin  ferment,  which  may  then 
cause  extensive  intravascular  clotting.  The  debris  is  also  credited 
with  causing  emboli.  But  these  facts  are  not  admitted  by  all  authori- 
ties. A  small  destruction,  such  as  may  be  caused  by  the  subcutaneous 
injection  of  glycerin,  certainly  has  no  permanent  injurious  effect. 

The  specific  action  of  the  dru^  is,  of  course,  joined  to  these  methem- 
oglobin effects,  and  may  entirely  overshadow  them.  Thus,  rab- 
bits die  of  KCIOi  before  it  comes  to  any  methemoglobin  formation. 
Herbivorous  animals  are,  as  3  rule,  much  less  subject  to  the  formation 
of  methemoglobin  during  life,  although  their  shed  blood  does  not  differ 
in  this  respect  from  that  of  carnivorous  animals.  The  cause  lies  per- 
haps in  the  greater  alkalinity  of  their  blood,  for  it  has  been  found 
that  alkali-methemoglobin  is  much  more  easily  converted  back  into 
oxyhemoglobin.  The  injection  of  alkalies  has  therefore  been  sug- 
gested in  the  treatment  of  methemoglobinsemia.  Other  treatment  con- 
sists in  the  administration  of  oxygen,  artificial  respiration,  and  shock- 
treatmenL 

The  drugs  which  are  important  as  methemoglobin- formers  are  for 
tie  most  part  discussed  in  other  connections.  Nilrobensol  may  be 
mentioned  here.  It  has  some  toxicologic  importance  since  it  is  used 
in  perfumery  and  in  the  arts.  It  produces  the  asphyxial  effects  charac- 
teristic of  mcthemi^lobinaemia. 
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(C)  DISINFECTION. 
I.  GENERAL  CONSIDERATIONS. 

The  subject  of  disinfection  has  risen  to  such  importance,  that  it 
may  be  well  to  summarize  its  principles  from  a  pharmacologic  stand- 
point. This  summary  cannot  take  account  of  all  the  practical  details, 
for  which  the  student  is  referred  to  text-books  of  bacteriology,  surgical 
technic,  and  hygiene. 

Toxicity  and  Realstance. —  The    protoplasm    of    bacteria    is    fairly 
readily    injured    by   many    substances    and   by    physical   changes.     The 
conditions   under  which   it  exists  are.   however,   somewhat  peculiar: 
By  virtue  of  a  highly  impenetrable  cell  wall,  and  by  the  formation  of 
very  resistant  spores,  bacteria  are  able  to  survive  conditions   which 
would  T(ill  other  cells.    Under  these  adverse  conditions  the  microor- 
ganisms are  indeed  unable  to  grow  and  multiply;  but  by  passing  into 
a  dormant  state,  particularly  by  spore  formation,  they  are  able  to  pre- 
serve their  vitality  for  a  considerable  time,  and  to  recover  their  power 
Cof  growth   as    soon   as   the   conditions   become   more    favorable.     Sub- 
iCj  stances  which  merely   suspend  the  vitality  of  bacteria  are  called  aiH' 
'   \septics;  whilst  those  which  kill  them  outright  are  germicides.     A  third 
class  of  disinfectants  is   formed  by  the  deodorants,  which  obscure  or 
(destroy  the  odorous  bacterial  products,  but  which  have  little  action  on 
( the  bacteria  themselves. 

Factors   Determining  Usef ulneu.— The  nature  of  the  antiseptic 
substance,  or  the  strength  in  which  it  is  used,  are  by  no  means  the  only 
factors  determining  its  efficiency  and  usefulness.    Amongst  the  other 
more  important  factors  may  be  mentioned: 
y    1.  The  nature  of  the  ^micro-organism. 

Sap'rophytes  are  more  resistant  than  pathogenic  bacilli ;  micrococci 
than  either,  and  spores  most  of  all. 

There  also  is  some  selective  action,  some  substances  being  compara- 
tively much  more  toxic  to  one  species  than  to  another.  (Thus,  gold 
chlorid  is  more  toxic  to  anthrax  tiian  to  cholera;  carbolic  acid,  the 

»  2.  The  number  of  bacteria  to  be  destroyed. 

'  •■  3.  The  nature  and  guantity  of  the  associated  material.  Many  sub- 
stances which  are  strongly  germicidal  when  actlnfTm  the  MCteria 
alone  are  much  weakened  by  entering  into  chemic  reactions  with  the 
medium. 

Thus,  potassium  permanganate  is  destroyed  by  all  organic  matter; 
mercuric  chlorid  is  precipitated  by  proteids;  silver  nitrate  by  chlorids, 
etc.  These  insoluble  combinations  are  no  longer  germicidal.  Further, 
they  hinder  the  penetration  of  the  antiseptic,  a  condition  of  consider- 
able surgical  importance.  Of  all  the  antiseptics,  those  of  the  aromatic 
series  are  least  acted  upon.  As  we  have  seen,  they  do  not  enter  into 
chemic  combination  with  the  media,  and  have  therefore  a  superior 
penetrating  power. 

)(  4.  The  lime  of  exposure.  The  different  antiseptics  show  great  \i- 
natiorTstmtnsi     '      '^^— 

J  5.  The^degree  of  dilution  of  the  disinfecting  agent  is  in  most  cases, 
of  the'^eafesT' Importance.  A  decigram  of  sublimate  in  iqo  c.c  of  '■ 
water  will  be  much  more  efficient  tl^n  a  gram  in  ten  liters.       ,  I'n-^ 

".'     6.  The   toxic  and  corrosive   action  of  the  agent,  and  the  ease  with 
which  it  is  absorbed,'' aft  ^so  often  of  importance  in  deciding  its  prac- 
tical usefulness. 
7,  The  cost  often  enters  into  consideration. 
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11.  ANTISEPTICS  IN  COMMON  USE. 

The  more  commonly  used  antiseptics  are  the  following:  ' 

Physical  Agents:    Heat  ( 

Inorganic  Salts:  HgCl,,  AgNO.,  FeSO.,  CuSO.,  ZnSO,  ZnCU  } 
AliCk  KA1(S0.).,  Naa,  KI,  NaF.  ', 

Acids:     H^Ob  HNO,,  HCH.O,,  H.BO.,  As,a.'  5 

AlkaU:    CaO.  (  ' 

Oxidizing  and  Reducing  Bodies:  SO,,  KMnO.,  U,0,.  O.,  I,  Br,  CI,  / 
Calx  Chlorata.  J 

Falty  Series:    CHCU,  CHU  CH.O,  CH.OH,  GH.<OH)„  sugar. 

Aromatic  Series:  See  preceding  section.  To  this  may  be-  appended  / 
camphor  and  the  essential  oils. 

Alkaloid:    Quinin, 

Manner  of  Action.—  Of  the  inor^nic  salts,  those  of  the  heavy  ' 
metals  and  of  aluminum  are  antiseptic  by  forming  insoluble  proteid  i 
compounds  with  the  protoplasm  of  the  bacteria.  However,  they  do  ', 
not  probably  penetrate  the  cetl-wall  very  readily.  In  all  cases  their  I 
action  is  very  greatly  weakened  if  other  proteids  are  present,  as  they 
are  bound  and  rendered  inactive.  The  greater  number  are  deodorant,  r 
rather  than  antiseptic,  by  combining  with  the  H.S  and  NHi  and  simi-  . 
lar  odorous  substances.  ! 

Of  the  neutral  salts  of  alkalies,  the  Huorids,  and  to  a  less  extent  the 
borates,  possess  specific  toxicity.     The  effects  of  NaCl  and   KNOi,  as  , 
also  sugar,  are  due  purely  to  osmotic  action.    They  render  the  medium 
unfit   for  the  bacteria   and   thereby  lower  their  vitality.    The  iodids  ' 
have  no  special  action,  except  when  iodin  is  liberated  from  them.  , 

Bacteria,  like  all  living  organisms,  require  a  certain  reaction  of  ! 
medium  for  their  development;  and  a  considerable  modification  of '^ 
this,  by  either  acids  or  alkalies,  is  inimical  to  them.  Most  forms  are  i 
more  sensitive  to  acids.  ■. 

Strong  oxidizers  and  reducers  tend  to  produce  chemic  changes  in  all  ' 
organic  matter,  and  bacteria  are  no  exception.  However,  for  this  ' 
very  reason  these  substances  are  quickly  rendered  inactive  by  any  , 
foreign  matter  which  is  usually  found  with  these  organisms.  It  can 
never  be  hoped  to  have  any  action  from  them  after  their  absorption ; 
and  locally  only  if  the  amount  of  organic  matter  present  is  small ;  or 
apart  from  the  body,  if  they  can  be  used  in  sufficient  concentration 
without  also  destroying  the  infected  article. 

The  drugs  of  the  fatty  series  are  rather  weakly  antiseptic;  their  ac-  . 
tion  lies  in  the  precipitation  of  protoplasm  produced  by  them.     Since 
these  precipitates  remain  for  a  considerable  length  of  time,  capable  of 
being  dissolved,  they  are  scarcely  at  all  germicidal.    Formaldehyd  forms 
a  notable  exception  to  this. 

The  Disinfecting  Power  of  the  Commonly  Used  Antlceptlcs.— 
On  account  of  the  different  resisting  power  of  different  bacteria,  and 
the  ease  with  which  the  antiseptic  action  is  modified  by  circumstances, 
the  results  of  experiments  directed  to  comparing  the  different  anti- 
septics cannot  be  generalized.  Tables  of  antiseptic  values  are  therefore 
unsatisfactory.  In  a  general  way,  it  may  be  said  that  mercuric  chlorid 
and  silver  nitrate  are  the  most  powerful.  Then  come  copper  and  zinc 
salts ;  then  formaldehyd.  chlorin,  and  hydrofren  peroxid ;  then  the 
cresob,  then  carbolic  acid.  Salicylic  acid,  boric  acid,  sulphurous  acid, 
and  the  essential  oils  are  antiseptics  rather  than  germicides.  Iodoform 
manifests  Its  action  only  under  special  conditions.  Ferrous  sulphate 
is  merely  deodorant. 
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Heat,  where  it  can  be  proper!)^  applied,  is  amongst  the  most  certain 
of  antiseptics.  Combustion  furnishes  the  surest  method  of  absolutely 
destroying  bacteria.  Boiling,  if  sufficiently  prolonged,  or  exposure  to 
life  steam,  especially  under  pressure,  are  equally  efficient  Exposure 
to  dry  heat  is  less  eftective. 

III.  THE   PRACTICAL  APPLICATION   OF  ANTISEPTICS. 

The  Preservation  of  Food.— The  liability  of  organic  food-stuffs, 
especially  meat  and  milk,  to  bacterial  decomposition,  often  renders  their 
chemical  preservation  a  matter  of  economic  necessity.  Asepsis,  refrig- 
eration, or  sterilization  by  heat,  are  not  always  applicable.  That  the 
use  of  chemic  preservatives  is  theoretically  undesirable,  on  account  of 
their  possible  deleterious  action,  is  universally  granted;  in  practice, 
however,  this  evil  may  be  less  than  those  resulting  from  the  consump- 
tion of  partly  decomposed  foods.  The  time-honored  use  of  sugar  or 
salt-cured,  corned,  and  smoked  meats  is  a  sufficient  proof  of  the  com- 
parative innocuousness  of  some  of  the  preservative  measures.  More 
recently  there  have  been  introduced  a  number  of  preservatives  which 
are  more  powerful,  and  which  cannot  be  detected  by  the  taste.  These 
offer  a  special  interest,  and  they  have  accordingly  given  rise  to  mudi 
discussion.  It  is  evident  that  drugs  with  markedly  toxic  and  irritant 
action  should  be  entirely  excluded.  On  this  account,  the  use  of  fortnal- 
dehyd  has  been  generally  condemned  (although  the  direct  proof  of 
its  harmfulness  is  not  complete).  It  has  been  used,  especially  in  milk, 
in  the  proportion  of  i  :  25,000.  Sulphurous  acid,  or  sulphite  of  lime, 
are  also  considered  harmful ;  but  it  is  claimed  by  some  that  they  are 
largely  converted  into  the  inactive  sulphates;  and  that  the  amount 
escaping  decomposition  is  too  small  to  be  serious. 

The  least  harmful  of  the  chemic  preservatives  are  salicylic  add, 
boric  acid,  and  borax.  The  acids  are  used  in  fluids  in  the  proportion 
of  0.2  Gm.  per  liter ;  in  meats  2  or  3  times  this  proportion  is  taken. 
Of  borax  about  four  times  the  above  quantities  is  required.  These 
amounts  are  too  smali  to  kill  the  bacteria,  but  suffice  to  check  their 
development  for  a  limited  time.  As  regards  their  effects  on  man,  it  is 
universally  conceded  that  these  quantities  produce  no  immediate  effects 
in  normal  individuals.  Their  opponents  rest  their  objections  mainly 
on  their  action  on  weak  or  diseased  individuals,  on  infants,  nephritics, 
and  dyspeptics ;  and  to  the  cumulative  effects  of  their  continued  ad- 
ministration. The  experimental  evidence  indicates  that  these  fears 
are  not  groundless  (see  Index,  boric  acid).  There  is,  however,  no 
evidence  as  to  the  degree  of  danger  from  their  intermittent  use,  under 
the  actual  conditions.  At  all  events,  the  consumer  should  be  made 
aware  of  the  addition  of  the  preservative,  and  of  its  possible  dangers. 

The  Sterilization  of  Water,—  Drinking  water  is  the  ordinary  source 
of  infection  of  a  number  of  diseases,  notably  typhoid  fever.  The  care- 
ful regulation  of  the  water  supply,  and  efficiently  supervised  filtration 
are  sufficient  to  remove  the  danger  of  infection:  but  these  methods 
are  unfortunately  not  practicable  in  all  cases.  Distillation,  or  boiling 
the  water  for  ten  minutes,  also  destroys  the  typhoid  bacilli,  but  in- 
jures the  taste  of  the  water.  There  is  therefore  some  scope  for  a 
chemic  disinfection  of  water.  The  recent  experiments  of  G.  W. 
Moore  (1904)  indicate  that  copper  may  be  used  for  this  purpose. 
This  metal  combines  a  high  toxicity  for  lower  organisms  with  a 
very  low  toxicity  for  mammals.  It  was  originally  proposed  for  the 
removal  of  algse  from  the  water  supply.  A  proportion  of  i  part  in 
50  millions  suffices  for  this  purpose.  Typhoid  and  cholera  bacilli  re- 
quire a  much  higher  proportion  (i  :  100,000  for  3  to  4  hours);  and 
it  is  proposed  at  present  to  use  the  metal  for  this  purpose  only  as  a 
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temporary  expedient  The  amounts  which  would  be  actually  taken  in 
the  drinking  water  would'  be  extremely  small,  as  a  considerable  part 
of  the  copper  i»  precipitated  in  insoluble  form.  Immensely  larger 
quantities  have  been  taken  for  several  days  without  any  symptoms. 
The  temporary  use  of  the  treated  water  would  therefore  be  certainly 
harmless.  Even  the  continuous  use  may  be  without  any  effect,  al- 
though there  is  as  yet  no  direct  evidence  on  this  subject,  Kraemer 
(1904)  has  recommended  the  suspension  of  strips  of  bright  co(^er, 
3!4  ii>ches  square,  tor  each  quart  of  water,  for  6  to  8  hours,  as  effective 
for  killing  the  typhoid  bacilli,  and  as  being  probably  harmless  to  the 


Excreta  and  Sputa.— A  distinction  must  be  made  between  the 
sterilization  of  excreta  coming  from  patients  afflicted  with  conta^ous 
disease,  and  the  disinfection  of  ordinary  privy  vaults.  In  the  latter, 
cheapness  of  the  disinfectant  is  a  great  desideratum,  and  when  only 
the  excretions  of  heallhy  individuals  are  to  be  considered,  a  deodorant 
action  is  sufficient. 

Sulphate  of  iron  meets  these  two  indications.  Being  a  metallic  salt, 
it  does  not  penetrate  at  all  readily,  and  must  consequently  be  fre- 
quently applied.     It  acts  by  combining  with  the  NHi  and  HiS. 

Where  it  is  necessary  to  have  good  penetration,  quicklime  deserves 
the  preference.  It  is  made  into  a  paste  with  water.  Crude  carbolic 
acid  is  cheap  and  efficient  if  its  smell  is  not  too  great  a  drawback. 
The  latter  precludes  its  use  for  the  disinfection  of  vessels  and  rooms. 
Naphthatin  is  well  suited  to  urinals,  since  it  is  so  sparingly  soluble  and 
vep'  cheap.     (Also  used  to  kill  moths  and  other  insects,) 

For  infected  excreta,  eveiything  considered,  chlorinated  lime  deserves 
preference.  About  6  ozs.  of  this  are  mixed  with  a  gallon  of  water,  and 
3  quart  of  this  used  with  each  discharge  and  allowed  to  stand  an  hour. 
The  cresols  (i  :  100)  or  formaldehyd  (10%  of  commercial)  are  also 
practical  and  efficient.  Sputa  and  similar  discharges  are  best  received 
in  paper  cups  or  napkins,  and  burned. 

For  the  disinfection  of  the  hand*,  walls  of  rooms,  articles  not  In- 
jMred  by  wet,  etc.,  mercuric  chlorid  (i  :  i,ooo)  is  almost  universally 
applicable.  Its  only  drawback  lies  in  its  toxicity.  Where  this  is  a 
serious  objection  it  may  be  replaced  by  phenol  ('3  :  100)  or  formal- 
dehyd  (4%  absolute  =  io%  commercial).  These  may  also  be  used 
for  instrumeHts  the  metal  of  which  is  injured  by  mercury.  Another 
popular  method  is  to  boil  the  instruments  in  1%  sodium  carbonate  for 
half  an  hour.  For  gliusware,  dry  heat  of  about  150°  C,  continued 
for  an  hour,  deserves  preference.  The  bedclothittg  and  dresses  of  pa- 
tient and  nurse  should  be  sterilized  by  steam,  or  at  least  by  prolonged 
boiling.  Ifool  which  will  not  bear  damp,  can  only  be  satisfactorily 
sterilized  in  special  apparatus  by  dry  heat  of  110°  C,  or  by  formal- 
dehyd  gas. 

Rooms. —  The  sponging  of  rooms  and  furniture  with  antiseptic  solu- 
tions is  never  sulfieient  for  their  sterilization ;  for  there  are  always 
many  crevices  which  would  escape  in  such  treatment.  Some  method 
of  fumigation  is  necessary,  and  the  choice  rests  mainly  between  SOt 
and  formaldehyd.  S0>  destroys  bacteria,  but  not  spores ;  it  is  also 
objectionable  since  it  causes  bleaching  of  all  organic  dyes.  It  is  gen- 
erated by  burning  3  lbs.  of  sulphur  for  each  ifloo  cubic  feel  of  space. 
To  avoid  danger  of  fire,  the  sulphur  is  placed  in  tin  pans  raised  from 
the  floor  by  bricks.  Its  action  is  materially  greater  when  the  air  is 
saturated  with  moisture. 

Against  mosquitoes  the  SOj  is  more  effective  than  formaldehyd.  It 
should  therefor  be  preferred  against  malaria,  filaria,  yellow  fever,  etc. 
Formaldehyd  is  much  more  efficient  against  bacteria.  For  the  purpose 
of    disinfecting  rooms,  it  is   best   made  by   burning  methyl    (wood) 
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alcohol  in  a  special  lamp  or  by  vaporizing  paraform.  Whilst  formal- 
dehyd  is  very  volatile,  il  decon^Kises  quile  largely  if  it  is  attempted  to 
vaporize  its  solution  by  heat,  and  much  is  lost.  However,  150  c.  c  of 
the  commercial  40%  solution,  when  vaporized,  will  disinfect  a  room  of 
1,000  cubic  feet  in  ten  hours.  Or  a  number  of  sheets  saturated  with 
the  solution  may  be  suspended  in  the  room. 

With  all  fumigation  the  room  is  best  kept  closed  over-night,  then 
thoroughly  aired,  and  then  sponged,  first  with  an  antiseptic  solution, 
then  with  water.  The  wall-paper  in  particular  should  be  thoroughly 
cleaned.  Where  possible,  a  coat  of  whitewash  should  be  applied,  since 
this  constitutes  an  efficient  germicide. 

In  operative  technlc  for  open  wounds  the  objects  are  to  avoid 
local  irritant  action  and  general  poisoning  from  absorption,  and,  if 
the  wound  is  infected,  to  obtain  the  greatest  penetration.  When  the 
wound  Is  not  infected,  asepsis  rather  than  antisepsis  should  be  the 
aim.  When  the  latter  is  required,  preference  should  he  given  to  cresol 
(K  :  100)  or  to  carbolic  acid  (2  :  100)  for  penetration,  and  to  HgCl. 
for  local  action  (i  :  5,000  to  2,00a).  It  must  be  remembered  that 
these  chemicals  are  irritant  and  capable  of  absorption.  The  tendency 
of  HgCli  to  form  insoluble  combinations  with  the  constituents  of  the 
tissues  can  be  greatly  lessened  and  the  keeping  qualities  improved  by 
the  addition  of  HCl,  tartaric  acid,  NaCl.  or  NH.Cl,  in  amoufit  about 
equal  to  the  HgCIi.  Hydrogen  peroxid  solution  is  used  especially  on 
suppurating  surfaces.  The  foam  which  arises  when  it  comes  into  con- 
tact with  decomposing  matter  supports  its  action  mechanically  by  dis- 
lodging fixed  panicles  of  bacteria,  dirt,  etc. 

The  local  irritant  effects  are  by  no  means  always  objectionable ; 
thus,  carbolic  acid  is  sometimes  used  for  its  caustic  action.  On  ac- 
count of  the  anesthesia  which  it  induces,  it  is  very  much  less  painful 
than  other  acids;  but  it  is  also  less  efficient.  It  is  sometimes  injected 
in  strong  solution  into  cysts  to  cause  adhesive  inflammation.  Salicylic 
acid  also  has  a  decided  caustic  action,  which  determines  its  use  in 
hyperidrosis,  and  for  softening  corns. 

The  irritation  is  an  objection  not  onlv  at  the  place  of  application,  but 
also  at  the  seat  of  excretion. —  i.  e.,  kidneys  —  and  nephritis  constitutes 
a  contraindication  10  the  use  of  absorbable  antiseptics. 

The  endeavor  to  prevent  symptoms  of  general  poisoning  when  a 
purely  local  effect  is  required  has  led  to  the  use  of  almost  insoluble  anti- 
septics as  dustInK>powder*.  Many  of  these  are  also  useful  in  pro- 
moting healing  by  their  irritant  action ;  on  account  of  their  slight  solu- 
bility this  is  always  mild  and  kept  within  physiologic  limits.  A  mild 
irritant  action  of  this  kind  stimulates  cell  division  and,  consequently, 
healing.  The  most  important  dusting-powders  are  iodoform  and  its 
substitutes,  the  insoluble  bismuth   salts,  and  boric  acid   (see   Index). 

The  Skin. —  Germicides  may  be  useful  in  this  situation  in  aiding  the 
healing  of  sores  and  ulcers,  or  to  effect  the  cure  of  mart  diffuse  skin 
diseases  depending  upon  the  presence  of  bacteria  or  other  parasites. 
In  either  case,  a  mild  stimulant  action  seems  to  be  quite  as  essential  in 
determining  the  success  of  the  remedy  as  the  germicidal  action.  On 
the  other  hand,  the  irritant  action  must  not  be  too  strong.  To  prevent 
the  maceration  of  the  epidermis,  the  drugs  must  be  used  either  as 
powder  or  in  the  form  of  ointments.  The  latter  render  the  drug 
capable  of  absorption,  and  this  prevents  the  use  of  any  very  toxic  sob- 


The  following  are  the  most  employed:  Carbolic  acid,  $%  c 
Ichthyol,  10  to  50%  ointment  This  exerts  a  peculiarW  beneficent  irri- 
tant action,  which  also  leads  to  the  absorption  of  inflammatory  swell- 
ings, etc.  Tar,  10  to  100%.  Resorcin,  5  to  20%.  Same  action  as 
phenol  and  no  advantage.    Naphthalin  and  naphthol,  5  to  10%  oint- 
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ment  Sulphur,  10%.  Pyrogallol  (S  to  ao%),  mainly  as  irritant,  but 
too  dangerous  if  absorbed,  and  best  replaced  by  chrysarobin. 

The  metallic  salts  and  oxids  which  come  under  this  heading  will  be 
considered  under  astringents   (see  Index). 

Mucoiu  Membrane*.^  The  disinfection  of  mucous  membranes  re- 
quires antiseptics  of  low  toxicity,  since  the  absorption  is  comparatively 
great.  In  inflamed  conditions,  an  astringent  action  is  also  often  de- 
sirable. The  most  useful  ingredients  are  the  salts  of  zinc  and  boric 
acid.  The  remedies  are  applied  to  the  oral  cavity  in  the  form  of 
gargles,  to  the  eye  as  eye  water,  and  to  the  urethra  and  vagina  as 
injections.  Gargles  are  generally  flavored  with  mint  or  gaulfheria 
water,  or  with  thymol.  Ferric  chlorid  or  alum,  which  are  often  added 
to  sargles,  act  mainly  as  astringents.  Eucalypto!  and  menthol  are 
used  especially  in  the  nasal  cavities. 

Urinary  Antiseptics.^  The  urine  and  the  bladder  may  be  disin- 
fected to  a  considerable  degree  by  drugs  administered  through  the 
mouth.  The  antiseptics  of  the  aromatic  series  are  sufficiently  concen- 
trated, in  the  course  of  their  excretion,  to  be  effective,  e.  g.,  in  gonor- 
rhea. Sodium  salicylate  or  benzoate  or  salol  are  used  for  this  purpose, 
as  also  copaiba,  cubcba,  sandal-wood,  etc.  Certain  other  substances 
are  not  themselves  antiseptic,  but  are  decomposed  into  antiseptic  com- 
pounds in  the  course  of  excretion  through  the  kidney,  especially  in  the 
presence  of  bacteria.  Arbutin,  a  glucosid  occurring  in  uva  ursi,  and 
chimaphila.  belongs  to  this  class.  It  yields  hydrochinon.  The  most 
useful  product,  however,  is  urotropin  (see  Index),  which  yields  formal- 
dehyd.  This  is  used  in  pyelitis,  inflamed  bladder,  and  for  rendering 
the  urine  aseptic  (as  in  typhoid  fever).  Increased  acidity  of  the  urine 
also  destroys  bacteria.  Difute  mineral  acids,  or  acid  sodium  phosphate, 
may  be  used. 

Intestinal  Antiseptics. —  The  disinfection  of  the  alimentary  canal 
would  be  useful  in  various  dyspepsias,  intestinal  putrefaction,  in  ty- 
phoid fever,  cholera,  etc.  Many  experiments  have  been  directed  to 
this  end.  As  a  result,  it  may  be  concluded  thai  complete  asepsis  is  im- 
possible  in   this   situation. 

This  is  easily  comprehended  if  one  stops  to  consider  the  targe  num- 
ber of  bacteria  present;  the  large  mass  of  material  in  the  intestine, 
lending  to  weaken  the  antiseptic  and  to  prevent  its  access;  the  ready 
absorption  and  consequent  danger  of  general  poisoning;  the  sensitive- 
ness of  the  intestinal  canal  to  irritating  agencies;  the  fact  that  ferment 
action  is  diminished  by  all  antiseptics,  etc. 

When  the  antiseptics  are  used  in  such  an  amount  as  to  injure  the 
mucosa,  they  may  even  increase  the  number  of  bacteria.  It  was  also 
ai^ed,  at  one  time,  that  antiseptics  would  be  injurious  by  checking  the 
saprophytic  bacteria,  which  were  supposed  to  be  necessary  for  diges- 
tion. This  theory  has  been  disproved ;  nor  do  they  appear  to  hinder 
the  digestive  ferments  materially.' 

Although  a  complete  intestinal  asepsis  is  an  impossibility,  a  relative 
asepsis,  a  limitation  of  an  abnormally  increased  bacterial  action,  is  not 
so.  This  can  be  clearly  shown  by  the  diminution  of  the  indoxyl  and 
combined  sulphates  of  the  urine  under  appropriate  treatment.  Calomel 
ntay  cause  their  entire  disappearance. 

The  bacteria  in  the  lumen  of  the  intestine  will  be  much  more  readily 
acted  upon  than  those  which  have  already  obtained  a  nidus  in  the 
intestinal  walls,  and  antiseptic  measures  will  be  of  greatest  benefit  in 
the  former  condition. 

The  removal  of  the  contents  of  the  intestines  is,  of  course,  one  of 
the  roost  efficient  methods,  for  it  carries  with  it  at  once  numberless 
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bacteria  and  Ihe  material  on  which  they  have  been  nourishing.  Cah- 
met  is  the  best  physic  for  this  purpose,  since  the  slight  amount  of 
bichlorid  formed  from  it  tends  to  check  the  remaining  bacteria.'  The 
bickiorid  of  mercury  is  also  used  in  doses  of  Vko  grain  (0.035  mg-)- 
For  antiseptics,  more  strictly  speaking,  the  preference  is  given  to  those 
which  are  only  sparingly  soluble,  so  that  they  will  not  be  absorbed 
in  the  upper  portions  of  Ihe  alimentary  canal.  The  most  useful  intes- 
tinal antiseptics  are  naphthalin,  naphthol,  the  cresols,  and  guaiacol, 
thymol,   camphor,  salol,   etc. 

Salol^  is  decomposed  Into  carbolic  and  salicylic  acid.  It  is  only 
slightly  acted  upon  in  the  stomach,  and  is  used  as  coating  for  piilt 
which  are  not  to  act  in  stomach.  It  has  been  su^ested  as  a  test  for 
the  length  of  time  during  which  food  remains  in  the  stomach,  by 
noting  how  much  time  elapses  before  the  salicylic  acid  test  is  given  bf 
the  urine.  It  is  only  of  limited  value,  since  the  time  varies  greatly  in 
normal  individuals. 

Most  intestinal  antiseptics  act  also  as  anthelmintics.  Novy  and 
Freer  ( 1902)  have  introduced  the  organic  peroxids  as  intestinal  anti- 
septics. These  may  be  considered  as  hydrogen  peroxid,  in  which  the 
hydrogen  has  been  replaced  by  organic  radicles.  Diacetyl  peroxid 
(acetozone)  has  the  formula  CH,0  — OO  — CH>0;  ben^oyl-acetyl- 
peroxids  {bentosone)  is  represented  as  CiH.O  — OO  — CH.O.  These 
compounds  are  fairly  stable,  but  inactive.  In  the  presence  of  water, 
they  split  into  acetyl -peracid  (OH.O  — OOH),'  which  is  more  power- 
fully antiseptic  than  hydrogen  peroxid,  and  very  slightly  toxic.  The 
acetozone  or  benzozone  are  administered  in  capsules  of  0.3  Gm.  (5 
grains),  three  times  a  day.  They  should  not  be  mixed  with  organic 
liquids,  nor  kept  in  a  warm  place,  as  they  tend  to  explode.  The 
peroxid  of  calcium  or  magnesium,  which  liberate  hydrogen  peroxid  in 
the  presence  of  acid,  have  been  recommended  in  the  treatment  of  ab- 
normal gastric  fermentation,  and  as  tooth  powders. 

Antisepsis  in  Tissues  After  Absorption.— The  specific  effect  of 
quinin  on  malaria,  of  salicylates  on  acute  rheumatism,  and  of  mercury 
on  syphilis,  encourage  the  hope  that  other  antiseptics  of  similar 
selective  power  may  be  found.  So  far,  however,  the  search  for  these 
has  been  unsuccessful,  and  it  may  be  stated  as  a  general  rule  that 
antiseptics,  when  present  in  the  circulation,  kill  the  animal,  in  doses 
much  smaller  than  are  necessary  to  affect  the  bacteria. 

Antiseptics  in  tbe  Treatment  of  Tnbcrcalosls.— The  use  of  cer- 
tain antiseptics,  by  mouth,  has  proven  fairly  successful  in  phthisis. 
The  principal  remedy  of  this  class  is  creosote,  or  guaiacol ;  but  tar, 
turpentine,  terebene,  eucalyptol,  and  ichthyo!  appear  to  be  similarly 
useful.  There  is  still  some  dispute  as  to  the  mechanism  of  their  action. 
The  theory  that  they  destroy  the  toxins  has  been  abandoned.  Another 
theory  explained  their  action  as  being  local,  due  to  their  excretion  by 
the  lung.  This  pulmonary  excretion  is  altogether  denied  for  guaiacol 
by  Butalini  (1904).  Even  if  it  does  occur  with  some  of  the  other 
drugs,  it  cannot  be  the  essential  cause  of  the  action,  for  the  sputa  of 
the  patients  thus  treated  possess  an  undiminished  virulence.  The  most 
satisfactory  explanation  is  one  which  assumes  that  the  action  is  in- 
direct, due  to  a  checking  of  intestinal  putrefaction,  and  consequently 
an  improved  nutrition  and  3  higher  resisting  power  of  the  patient. 

Not  much  greater  success  has  followed  the  attempt  to  introduce 
these  antiseptics  into  the  lungs  via  the  respiratory  passages,  in  the 
form  of  sprays  and  inhalations.     The  fault  lies  in  the  fact  that  they  do 

1  Ewrci«  3i-». 

■The  acetTl  btnioyl  pcioxid  decomposes  into  acetyl  perield.  aeetk  •cio,  IBd 
tlie  inioluble  liilmiioylneraild.  accordinii  lo  ihe  equiiioD  iCH.CO.OO.COCH. + 
H^  =  CH.CO.OO.COC,H,  +  CH,CO,H  +  CHtCO.OOH. 
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not  reach  the  disease  foci  in  this  manner,  but  remain  in  the  upper 
air-passages.  Nor  could  ihey  readily  penetrate  the  caseous  matter, 
even  if  they  were  brought  into  the  alveoli.  They  are  in  consequence 
useful    in   bronchitis    and  bronchial  pneumonia,  but  not    in   tubercu- 

Landerer  has  seen  good  effect,  in  early  cases,  from  the  hypodermic 
and  intravenous  injection  of  balsam  of  Peru  and  its  main  constituent 
cinnamic  acid,  and  its  sodium  salt,  Hetoi.  No  marked  germicidal 
quality  is  claimed  for  them,  but  the  causation  of  a  specific  inAamm»- 
lion  of  the  diseased  areas  with  consequent  cicatrization.  Most  ob- 
servers pronounce  themselves  unfavorably.  Others  concede  some  bene- 
fit in  "  walking  cases,"  but  urge  the  great  inconvenience  against  the 
treatment:  Intravenous  injections  must  be  given  daily  for  one  and  one- 
half  years.     Even  injurious  results  have  been  reported  from  its  use  in 


The  medicinal  treatment  of  advanced  phthisis  is  still  generally  dis- 
appointing. The  greatest  benefits  are  obtained  from  climate,  out-door 
life,  and  forced  nutrition  (supported  by  codliver  oil  and  creosote). 

When  tuberculosis  is  located  in  more  accessible  situations  —  joints, 
skin,  etc—  the  outlook  is  more  promising.  Peruzian  balsam  appears 
to  be  markedly  beneficent  here  also.  Iodoform  has  been  much  used, 
either  as  powder  or  as  a  suspension  (iodoform  10,  alcohol  and  glycerin 
aa45). 

In  the  treatment  of  lupus,  good  results  have  been  obtained  with 
Thiosinainin.  a  derivative  of  oil  of  mustard  (see  Index).  It  is  given 
by  mouth  in  capsules  (O.03  to  0.2  Gm.),  or  as  hypodermic  injection  in 
IS  to  20%  solution  in  alcohol.  It  seems  immaterial  whether  the  injec- 
tions are  made  at  the  sit:  of  the  disease  or  at  a  distance. 

The  peculiar  irritation  produced  by  the  actinic  rays  of  the  sun  or  of 
electric  light  (Finsen  treatment),  of  Roentgen  rays,  and  of  radium,  has 
also  proven  successful  with  lupus  and  epithelioma.  Their  action  is  not 
understood. 


.     CHAPTER    XVIII. 

TOXINS  AND  ANTITOXINS. 

The  study  of  these  substances  is  not  usually  placed  in  the  domain 
of  pharmacology,  but  in  that  of  bacteriology  and  pathology.  Their 
description  is  generally  found  in  lext-books  on  these  subjects;  whilst 
their  effects  are  described  in  treatises  on  medicine  and  surgery.  This 
arrangement  is  purely  one  of  expediency.  In  a  sense,  the  actions  of 
toxins  are  strictly  pharmacologic;  whilst  the  therapeutic  use  of  anti- 
toxins and  similar  substances  make  their  discussion  in  this  place  abso- 
lutely necessary.  As  regards  the  toxins,  onl^  a  broad  sketch  of  the 
general  principles  can  be  given,  without  entenng  into  details,  and  with 
the  omission  of  the  experimental  evidence. 

The  FatiiK  of  Toxiiw  and  Antitoxias, —  The  resemblance 
between  the  effects  of  toxins  and  those  of  ordinary  poisons 
is  so  close,  that  it  is  often  impossible  to  differentiate,  from 
the  symptoms  alone,  a  case  of  traumatic  tetanus  from  one 
of  strychnin  poisoning,  or  Asiatic  cholera  from  arsenical 
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intoxication.  The  resemblance,  however,  is  probably  only 
superficial.  A  closer  study  of  toxin-action  reveals  peculiari- 
ties, which  serve  to  define  these  poisons  into  a  special  group. 
In  the  first  place,  the  symptoms  never  develop  promptly 
after  the  introduction,  no  matter  how  large  the  dose:  a 
period  of  incubation,  variable,  but  fairly  definite  for  each 
toxin,  always  intervenes.  The  principal  characteristic  of 
the  group,  however,  is  that  they  give  rise  to  protective  sub- 
stances, when  they  are  injected  into  living  animals  in  non- 
fatal dosest  These  so-called  antitoxins  combine  with  the 
toxin  to  render  it  inactive ;  they  are  specific,  i.  e.,  they  act 
as  a  rule  only  on  the  toxin  which  led  to  their  production. 
This  property  is  possessed  by  every  toxin.  It  is  also  shown 
by  proteids  and  ferments,  the  same  principle  probably  being 
involved  in  all  cases.  It  is.  convenient  to  restrict  the  term 
"  toxin  "  to  those  which  have  a  marked  toxic  action.  In- 
deed, the  latter  is  very  powerful  in  the  true  toxins;  they  pro- 
duce their  effects  in  doses  so  small,  that  one  is  reminded  of 
ferment  action.  A  toxin  may  therefore  be  defined  as  a  sub- 
stance of  markedly  toxic  action,  capable  of  leading  to  the 
production  of  a  specific  antitoxin. 

Our  knowledge  of  the  chemical  nature  of  toxins  is  very  limited. 
The  analogy  to  proteids  is  obvious.  Indeed,  they  ail  contain  nitrogen, 
and  many  of  them  continue  to  give  proteid  reactions,  in  a  high  state  of 
purification.  It  is  quite  possible,  however,  that  some  at  least  are  not 
proteids  in  the  ordinary  sense. 

The  antitoxins  also  appear  to  be  proteids.  Those  of  diphtheria, 
tetanus,  etc.,  cannot  be  separated  from  certain  of  the  globulin  of  the 
serum,  hut  it  is  impossible  to  say  whether  they  are  themselves  globu- 
litn,  or  whether  they  simply  adhere  to  the  proteid,  or  whether  the 
antitoxin  action  is  merely  a  special  property  which  the  proteid  acquires 
under  certain  conditions.  The  serum  globulins  can  be  separated  by 
fractional  precipitation  with  salts,  e.  g.,  ammonium  sulphate.  The 
antitoxin  is  confined  to  either  ihe  euglobulin  or  the  pseudoglobulin 
fractions,  according  to  the  nature  of  the  antitoxin,  and  according  to 
the  animal.  In  the  horse,  for  instance,  the  diphtheria  antitoxin  be- 
haves as  a  pseudoglobulin ;  in  the  goat  as  a  euglobulin. 

The  activity  of  both  toxins  and  antitoxins  is  readily  destroyed  by 
excessive  heat,  digestive  ferments,  or  strong  chemicals, 

Occnrrence, —  The  most  important  toxins  are  those  produced  by 
bacteria.  In  certain  eases  (diphtheria,  tetanus)  the  toxin  is  secreted 
in  free  form  into  the  culture  medium,  i.  e.,  it  is  found  extracellular. 
Even  in  these  cases,  however,  the  bodies  of  the  bacteria  contain  intra- 
eellular  toxins,  i.  e.,  toxins  which  are  not  liberated.  These  are  specif- 
ically distinct  from  the  soluble  toxins  (Vaughan).  In  other  bacteria 
(cholera,  typhoid,  pneumococcus),  the  toxins  are  mainly  intracellular, 
the  filtered  cultures  being  almost  innocuous.  Bacteria  also  produce 
other  poisons,  e.  g..  the  ptomains,  which  have  alkaloidal  properties, 
and  whose  actions  resemble  those  of  atropin,  nicotin,  or  muscarin. 
Thc'ic  ptomains  arise  especially  in  the  course  of  putrefaction,  under 
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suitable  conditions  (limited  access  of  oxygen).  They  are  important 
in  causing  poisoning  by  spoiled  food;  but  they  have  nothing  to  do  with 
infectious  diseases. 

The  production  of  toxins  is  not  confined  to  bacteria.  We  have 
seen  that  they  are  closely  related  to  proteids,  and  the  latter  are  very 
apt  to  have  some  toxic  action  on  cells  not  accustomed  to  them.  Even 
%g-white  is  not  indifferent  when  injecied  into  the  circulation.  The 
toxic  action  is  much  more  pronounced  with  certain  blood  serums, 
snake-venom,  the  poison  of  scorpions  and  spiders,  etc.  Not  all  ani- 
mal poisons,  however,  are  toxins.  Cantharidin,  salamandrin,  epinephrin, 
cholin,  xanthin  derivatives,  etc.,  belong  to  different  chemic  classes. 

Certain  of  the  higher  plants  also  produce  very  typical  toxins,  e.  g., 
ricin   (castor  oil  bean)  ;  abrin   (jequirity  bean)  ;  and  others. 

Tile  Slde<Cluln  Theoty. —  The  varied  and  complicated  phenomena 
presented  by  toxins  and  antitoxins  can  be  interpreted  by  a  theory 
proposed  by  Ehrlich.  Some  understanding  of  this  theory  is  essential 
for  the  appreciation  of  modem  work  in  this  field.  The  theory  has 
certainly  justified  itself  as  a  stimulus  and  guide  (or  research,  and  as 
a  plausible  inlerpretalion  of  facts.  The  principles  of  this  theory  are 
fairly  simple;  into  its  details  we  shall  not  attempt  to  enter.  The 
student— who  has  not  the  special  knowledge,  and  cannot  give  the 
required  detailed  study  ^  is  advised  to  assume  a  receptive,  rather  than 
a  critical,  state  of  mind  in  mastering  these  principles. 

Protoplasm  is  a  physico-chemical  compound  of  peculiar  complexity. 
It  may  be  conceived  as  consisting  of  a  sutstance  termed  hiogtn,  com* 
posed  of  large  molecules,  each  molecule  being  an  aggregate  of  various 
chemic  radicles,  in  labile  combination.  The  structure  of  the  beniol 
derivatives  may  serve  as  an  illustration;  from  benzol,  a  very  large 
number  of  complex  compounds  may  be  derived,  by  substitution  of 
side-tlmms,  whilst  the  structure  of  the  benzol-ring  itself  is  kept  in- 
tact The  great  capacity  of  biogen  to  enter  into  the  most  varied  reac- 
tions may  be  attributed  to  the  multiplicity  of  its  side-chains.  These 
side-chains  may  therefor  be  called  reeeplors,  since  they  serve  to  receive 
foreign  molecules  into  the  biogen.  They  have  a  very  important  func- 
tion in  the  physiology  of  the  cell,  for  it  is  through  them  that  food  is 
assimilated.  However,  they  also  furnish  the  means  by  ivhich  toxins 
combine  urith  the  biogen,  and  hence  their  importance  in  the  present 
connection.  It  is  a  well  known  fact  in  organic  chemistry  that  some 
side-chains  are  better  adapted  for  introducing  a  given  group  than 
others.  A  speciUcity  exists.  This  specificity  is  very  conspicuous  in 
the  biogen-receptors,  so  that  it  seems  probable  that  every  substance 
enters  the  protoplasm  only  through  a  specific  receptor.  In  their  ab- 
sence, no  combination  can  take  place.  This  explains  instances  of 
natural  (inherent)  immunity  to  toxins.  (It  is  not  necessary  to 
asstmie  that  the  biogen  contains  ready-formed  receptors  for  every 
substance  with  which  it  is  capable  of  combining;  considering  the 
labile  condition  of  protoplasm,  it  is  conceivable  that  some  receptors 
are  only  formed  when  the  need  for  them  arises.)  It  will  be  seen  that 
this  theory  supposes  the  action  of  toxins  to  be  essentially  similar  to 
that  of  foods,  although  the  effects  are  so  very  different.  The  com- 
bination with  the  food -molecules  is  useful  to  the  cell;  that  with  the 
toxin -molecules  is  harmful. 

The  food  compounds  appear  to  be  readily  broken  down,  so  that  the 
receptors  are  again  liberated.  The  toxin-compounds,  on  the  other 
hano,  appear  to  be  firm,  so  that  the  receptors  are  rendered  perma- 
nently useless  to  the  cell.  The  cell  tends  to  counteract  this  damage 
by  producing  new  receptors.  Indeed,  it  tends  to  do  so  to  excess,  some 
of  the  receptor  groups  being  given  from  the  cell  into  the  surrounding 
medium,  t,   e.,  the   serum.     These   free   receptors   are   also   capable  of 
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combining  with  the  toxin,  which  is  thereby  "  saturated,"  and  rendered 
incapable  of  combining  with  the  receptors  of  cells.  These  free  re- 
ceptors constitute  the  antitoxin.     They  are  necessarily  specific. 

Ehrlich's  theory,  in  this,  its  simplest  form,  may  therefore 
be  briefly  stated  as  follows :  Toxins  produce  their  effects 
by  entering  into  chemic  combination  with  the  biogen.  This 
combination  occurs  only  through  the  intermediation  of  spe- 
cific side-chains,  receptors.  These  receptors  may  be  given 
off  from  the  cells  to  the  serum.  The  free  receptors  are  also 
capable  of  combining  with  the  toxin,  thereby  preventing  it 
from  combining  with  the  attached  cell-receptors.  They  are 
the  antitoxin. 

Almost  nothing  is  known  about  the  chemic  nature  of  these  receptors, 
or  about  the  reactions  which  take  place.  They  are  generally  sym- 
bolized by  pictorial  representations,  and  this  is  almost  indispensable  to 
the  clear  conception  of  the  details.  The  general  principles  may.  how- 
ever, be  understood  without  their  aid.  Several  different  types  of  re- 
ceptors and  reactions  are  assumed.  The  simplest  are  those  of  diph- 
theria and  tetanus.  In  these,  the  receptor  consists  of  a  combining 
ihaptophore)  group,  especially  attuned  to  the  toxin.  The  latter  must 
possess  two  groups,  haptophore  and  loxophore;  for  by  cautious  heal- 
ing, by  keeping,  etc.,  the  toxin  tnay  be  deprived  of  its  toxicity,  whilst 
it  is  still  capable  of  neutralizing  antitoxin. 

More  complicated  receptors  are  illustrated  by  hemolysins.  When 
a  little  of  rabbit's  serum  is  added  to  the  blood  of  a  guinea  pig,  the 
corpuscles  of  the  latter  are  laked.  It  can  be  readily  shown  that  two 
substances  are  concerned  in  this  phenomenon :  one  being  present  in 
the  blood  of  the  rabbit,  the  other  in  that  of  the  guinea  pi^.  It  can 
also  be  shown  that  the  substance  in  the  rabbit's  blood  combines  with 
the  guinea  pig  corpuscles,  even  in  the  absence  of  the  second  substance; 
but  does  not  lake  until  the  latter  is  added.  This  (the  substance  exist- 
ing preformed  in  the  serum  of  the  blood  to  be  laked,  and  indeed  in  a.U 
sera)  is  therefor  considered  the  toxic  substance,  and  is  called  the  toxic 
complement,  or  briefly,  compUmenl,  also  activating  body,  or  alexin. 
It  does  not  cause  laking  alone,  because  it  cannot  enter  directlj^  into 
combination  with  the  corpuscles,  but  only  through  the  intermediation 
of  the  substance  present  in  the  rabbit's  serum.  The  latter  is  therefor 
called  the  intermediary  body,  or  amboceptor,  since  it  combines  with 
both  the  cell  and  the  complement  (also  the  immune  body).  It  really 
represents  the  cast-off  receptors  of  some  cells  of  the  rabbit  This  is 
shown  by  the  fact  that  animals  which  do  not  ordinarily  produce 
hemolysins,  i.  e..  amboceptors  against  the  blood  of  a  given  species,  do 
so  when  the  blood  of  this  species  is  injected.  This  injected  Wood, 
together  with  the  complement  always  present,  serves  to  saturate  the 
normal  receptors  of  certain  cells.  This  leads  to  the  increased  produc- 
tion of  these  receptors,  and  the  serum  thereby  acquires  a  specific 
hemolytic  power.  The  complement  is  destroyed  by  heating  to  50  or 
60°  C, ;  the  amboceptor  is  not  injured  by  this  temperature.  Snake- 
venom  also  contains  a  hemolytic  amboceptor;  and  Kyes  has  shonii 
that  in  this  case  lecithin  may  act  the  part  of  complement.  This 
injection  of  other  cells  also  leads  to  the  production  of  sera  more  or 
less  specifically  destructive  to  these  cells    {cytotoxins),  by  an  essen- 
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tially  similar  process.  As  a  rule,  these  are  most  powerful  when  pro- 
duced by  the  cells  of  a  foreign  species  (hetero-cytotoxins)  ;  although 
they  may  also  be  produced  by  those  of  the  same  species  ( iso-cytotox- 
ins).  It  is  improbable  that  they  can  be  caused  by  the  cells  of  the 
same  animal  (auto-cytotoxins). 

Welch  invokes  an  analogous  mechanism  to  explain  the  action  of 
bacteria  which  do  not  produce  demonstrable  toxins  (such  as  typhoid). 
He  assumes  thai  these  bacteria  also  contain  receptors,  which  are  sat- 
urated by  the  receptors  of  the  tissue  cells ;  that  in  response  to  this, 
tht  bacteria  and  the  tissue  cells  both  are  obliged  to  produce  more 
receptors;  the  victory  belonging  to  whichever  can  produce  the  receptors 
most  rapidly.  The  injection  of  hemolysins  also  leads  to  the  production 
of  antitKKlies,  this  time  to  such  as  prevent  the  effect  of  the  hemolysin. 
These  may  be  either  anticomplements  (saturating  the  complement)  ; 
or  anti amboceptors  (saturating  the  amboceptor). 

The  injection  of  proteids  produces  substances  which  precipitate  this 
particular  proteid  (precipitin)  ;  the  injection  of  bacteria,  those  which 
agglutinate  bacteria,  etc.,  etc.  All  these  phenomena  are  covered  by 
modifications  of  the  original  Ehrlich  theory;  but  it  would  be  unprofita- 
ble to  follow  this  into  further  detail  in  this  place. 

IMMUNIZATION  THERAPY. 

Immunity,  the  power  of  an  organism  to  resist  the  action 
of  toxins,  may  be  natural  or  acquired.  Natural  immunity 
is  generally  explained  by  the  absence  of  suitable  receptors. 
The  serum  of  such  animals  is  not  antitoxic.  Acquired  im- 
munity may  be  active  or  passive.  In  active  immunity  the 
animal  is  caused  to  produce  antitoxin  by  the  stimulus  of 
sublethal  doses  of  the  toxin.  Passive  immunity  is  conferred 
by  the  introduction  of  ready-formed  antitoxin  from  an  ac- 
tively immunized  animal.  Passive  immunization  is  less 
dangerous  and  more  prompt ;  but  it  is  also  less  certain  and 
less  lasting.  Moreover,  the  number  of  infections  against 
which  passive  immunization  is  practical,  is  limited. 

Active  Imminiizatioii. —  This  is  secured  by  the  injection  of  very 
small  doses  or  of  weakened  cultures  of  the  infectious  material.  The 
attenuation  is  obtained  by  growth  on  unfavorable  culture  media;  at 
unfavorable  temperature  (cholera);  by  chemicals;  by  heat  (typihoid, 
plague)  ;  by  drying  (rabies)  ;  or  by  passage  through  certain  animals 
(vaccinia).  Jn  most  diseases  the  treatment  has  only  a  prophylactic 
value.  In  the  case  o!  the  slowly  developing  rabies,  it  may  be  curative. 
The  value  in  this  disease,  and  that  of  vaccination  against  smallpox, 
is  firmly  established.     The  others  are  still  in  the  expe^imenta^  stage. 

They  are  administered  as  follows : 

Rabies. —  Pasteur  Treatment. —  Subcutaneous  injection  of  emulsions 
of  the  dried  spinal  cord  of  rabbits  killed  by  rabies;  beginning  with 
cords  dried  for  fourteen  days,  and  advancing  to  those  dried  for  three 
days.  The  simple  method  (for  mild  cases)  requires  sixteen  days,  the 
'   e  methcKl   (for  severe  cases)  twenty  days.     The  treatment  is  of 
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dead  typhoid  bacilli.  Hypodermic  injection  in  doses  ^  to  iS4  c.c 
Produces  some  fever  and  constitutional  disturbatice.  Reports  fairly 
favorable  as   to  prophylactic   value. 

Chtriera.—  Haffkine  Method.—  Attenuated  culture,  followed  after 
five  days  by  a  virulent  culture.     Favorable  results  as  prophylactic. 

PUgne. —  Haffkine  Method. —  Hypodermic  injection  of  culture  steril- 
ized and  attenuated  by  heat,  in  dose  of  2  to  2.5  c.  c.  for  adults. 
Favorable  results  as  prophylactic,  the  effects  lasting  about  a  month. 

Vaccinia.— The  crusts  and  purulent  matter  from  heifers  inoculated 
with  vaccinia;  spread  on  ivory  points,  or  preserved  in  glycerin.  In- 
troduced by  spreading  over  scarified  area  of  skin.  Produces  immunity 
against  smallpox,  the  protection  lasting  four  to  ten  years.  The  pro- 
tection is  more  lasting  when  the  inoculation  is  made  from  a  human 

PftMive  Immunity  —  Imniniiizing  S«ra. —  Passive  immunity 
is  induced  by  the  injection  of  immunizing  sera,  i.  e.,  the 
serum  of  an  animal  {generally  the  horse)  which  has  been 
rendered  actively  immtftie  by  the  methods  just  described. 
These  sera  may  be  either  antitoxic  (neutralizing  toxins),  or 
bactericidal  (killing  the  bacteria).  Examples  of  the  former 
are  the  sera  against  diphtheria,  tetanus,  snake  venom,  etc ; 
of  the  latter,  those  against  the  pneumococcus  and  strepto- 
coccus. (It  must  be  remembered  that  the  antitoxins,  by 
depriving  the  bacteria  of  their  means  of  defense,  usually 
lead  indirectly  to  the  destruction  of  the  bacteria.) 

Conditions  for  the  Action  of  Immunizins  Sera. —  The 
conspicuous  success  of  the  diphtheria  antitoxin  raised  high 
hopes  of  the  immediate  and  wide  extension  of  the  serum 
treatment  to  other  infectious  diseases.  These,  hopes  have 
only  been  moderately  realized  thus  far.  The  reasons  are 
not  far  to  sedt.  It  seems  that  the  toxins,  when  once  fixed 
in  the  cells,  cannot  be  affected  by  the  antitoxin,  except 
perhaps  by  doses  so  large  as  to  be  impractical.  The  anti- 
toxin prevents  the  effects  of  the  toxin  completely  if  it  is 
injected  in  appropriate  doses  with  or  before  the  toxin;  but 
if  it  is  injected  after  the  toxin,  every  delay  diminishes  the 
chances  of  success.  This  can  be  obviated,  to  some  extent, 
by  increasing  the  dose  of  the  antitoxin,  but  only  within 
certain  limits.  Antitoxins  should  therefore  be  used  as  early 
as  possible  in  the  disease.  The  same  rule  applies  to  bacter- 
icidal sera.  It  is  evident  that  the  results  of  prophylactic 
injections  are  much  more  certain  than  those  made  after 
infection.  The  results  are  generally  good  if  the  treatment 
is  begun  at  once  after  infection.  Once  the  symptoms  have 
appeared,  success  is  very  doubtful  in  most  cases.  Sufficient 
toxin  has  already  entered  the  cells  at  this  time  to  be  danger- 
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ous;  the  treatment  will  only  stop  the  further  production 
of  toxin. 

Diphtheria  is  a  notable  exception.  In  this  disease,  serious  and  char- 
acteristic symptoms  occur  so  early,  that  the  antitoxin  can  generally 
be  used  in  time.  With  lelanus,  a  further  difficulty  exists  in  the'fact 
that  the  toxin  is  apparently  carried  in  the  nerve  sheaths,  whilst  the 
antitoxin  remains  in  the  general  circulation,  so  that  the  toxin  and  anti- 
toxin are  not  readily  brought  together. 

With  the  fneumococcus  and  streptococcus  sera  still  another  difficulty 
arises,  namely  that  there  seem  to  be  a  number  of  varieties  of  these 
bacteria;  the  antitoxic  sera  being  effective  only  against  the  particular 
variety  by  which  they  were  produced,  and  which  can  only  be  recojj- 
nized  by  the  fact  that  it  responds  to  the  serum  — a  test  which  is  evi- 
dently impractical. 

There  is  reason  to  hope  that  these  various  difficulties  are  not  in- 
superable. At  the  present  time,  the  prophylactic  value  of  the  tetanus, 
snake  antitoxin,  and  diphtheria  antitoxins  is  fully  established,  as  also 
the  curative  effect  of  the  last,  and  under  suitable  conditions,  of  the  two 
first.  Passive  immunization  against  other  diseases  is  still  in  the  ex- 
perimental state. 


DIPHTHERIA  ANTITOXIN. 

Production. —  The  antitoxin  is  produced  by  injecting  horses  with 
diphtheria  toxin,  i.  e..  with  filtered  sterile  broth  cultures,  beginning 
with  very  small  doses,  which  are  increased  at  varying  intervals,  ac- 
cording to  the  amount  of  reaction.  This  treatment  is  continued  for 
from  four  to  six  months,  until  a  high  antitoxic  power  has  been  reached 
(as  delermined  on  small  samples  of  blood,  withdrawn  from  time  to 
time).  The  horse  is  then  bled  from  the  external  jugular  vein,  with 
strict  asepsis.  This  can  be  easily  done  without  anesthesia.  Seven  to 
twelve  liters  are  collected  in  sterile  bottles.  As  soon  as  the  serum  has 
separated,  it  is  filtered  through  Berkefeld  tillers,  and  some  antiseptic 
is  added  (carbolic  acid  or  trikresol).  The  antitoxic  strenjfth  is  de- 
termined, and  the  appropriate  doses  arc  marketed  in  small  flasks,  usu- 
ally provided  with  some  injection  device,  to  obviate  contamination 
during  administration. 

The  antitoxic  power  of  the  serum  gradually  diminishes  on  keeping, 
especially  at  a  warm  temperature.  To  obviate  this,  dried  serum  has 
been  prepared,  by  evaporation  in  vacuo  at  a  low  temperature.  This 
is  dissolved  at  the  time  of  administering.  Its  use  is  somewhat  in- 
convenient and  there  is  some  risk  of  contamination  during  solution. 

Standai^ltzation. —  The  strength  of  the  antitoxic  sera  has  to  be 
determined  by  testing  its  protective  power  on  guinea  pigs.  The  original 
immunily  unit  was  ten  times  that  quantity  of  antitoxin  which  would 
completely  protect  a  250  gram  guinea  pig  against  ten  times  the  fatal 
dose  of  toxin  1  in  other  words,  each  immunity  unit  neutralizes  a  hun- 
dred fatal  doses  of  toxin. 

It  was  found,  however,  that  a  given  serum  seemed  to  have  a  differ- 
ent antitoxic  value  when  tested  with  different  samples  of  toxin.  This 
was  explained  by  Ehrlieh  by  the  assumption  that  the  filtered  broth 
culture  contains  several  constituents  capable  of  neutralizing  antitoxin: 
and  that  only  one  of  these  is  toxic.  The  proportion  of  toxic  to  non- 
toxic neutralizing  elements  varied  in  the  several  cultures,  so  that  the 
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neutralizing  and  toxic  qualities  would  not  go  parallel.  To  obviate 
this  uncertainty  a  standard  sertun  was  prepared  from  a  certain  stan- 
dard toxin. 

This  dried  serum,  containing  1,700  units  per  gram,  is  supplied  by 
the  Government  Testing  Department  of  Berlin  to  the  various  produc- 
ing laboratories.  It  is  here  used  for  determining  the  "  tfsl  dose "  of 
the  toxin  to  be  employed  in  the  actual  standardization.  This  is  tht 
largest  quantUy  of  toxin  which  can  be  completely  tieulralUed  by  the 
unit  of  standard  antitoxin,  so  that  a  300  gram  guinea  pig  will  sur- 
vive for  four  days.  This  toxin  is  then  used  in  standardizing  the 
serum  to  be  tested ;  the  smallest  quantity  of  serum  which  neuiralites 
a  test-dose  of  the  toxin  contains  one  unit  of  antitoxin.  This  new 
unit,  which  is  now  employed  universally,  is  approximately  equivalent 
to  the  old  unit,  but  is  more  uniform.  The  standardization  of  other 
immunizing  sera  has  not  been  elaborated  so  fully. 

Adnunutration — All  immunizing  sera  are  inactive  when 
taken  by  the  alimentary  canal.  They  are  therefore  injected, 
with  strict  asepsis,  into  the  loose  subcutaneous  tissue  of  the 
back  or  flank.  Special  sterilizable  syringes  and  rather  large 
needles  must  be  used  for  this  purpose,  A  tube  of  antitoxin 
once  opened,  should  not  be  employed  again. 

Dosage. —  The  quantity  of  antitoxin  to  be  used  in  each 
case  depends  upon  circumstances.  It  is  smaller  in  mild 
cases  and  when  given  early.  The  usual  doses  are :  200  to 
500 units  for  immunizing;  2,000  units  for  mild  cases;  3,000 
for  moderately  severe  cases;  and  4,000  for  severe  cases. 
Larger  doses  are  often  used,  to  10,000  units.  The  same 
quantity  is  used  in  children  as  in  adultsi.  The  doses  are 
repeated  two  or  three  times,  at  intervals  of  twelve  hours, 
according  to  the  progress  of  the  case.  If  there  is  no  im- 
provement after  three  days'  treatment,  it  is  useless  to  con- 
tinue. 

The  antitoxins  on  the  market  generally  contain  500  units 
per  c.  c.  For  a  dose  of  2,000  units,  an  injection  of  4  c,  c  is 
required,'  etc.  The  antitoxin  is  now  dispensed  in  containers 
of  1,000,  2,000,  3,000,  and  4,000  units. 

AccMents. —  The  injection  of  the  serum  leads  to  the  appearance  of 
an  erythematous  rash  and  to  a  slight  hyperpyrexia,  in  about  a  third 
of  the  cases;  more  rarely  to  joint-pains.  These  effects  occur  about 
the  second  week  after  the  injection.  Similar  actions  are  produced  by 
all  other  immunizing  sera,  and  even  hy  normal  serum,  so  that  they 
are  not  dtie  to  the  antitoxin.  In  fact,  the  injection  of  any  foreign 
serum  is  more  or  less  toxic.  Horses'  serum  has  the  lowest  toxicity 
for  man,  and  it  is  this  fact  which  has  led  to  the  choice  of  this  animal 
in  addition  to  the  large  amount  of  serum  which  can  be  obtained.  The 
occasional  ill  effects  cannot  be  avoided  at  present ;  but  they  are  not 
a  serious  inconvenience.  Rarely,  however,  much  more  senous  phe- 
nomena arise,  viz.,  prompt  collapse,  which  may  be  fatal.    It  is  proba- 
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ble  that  the  injection  in  these  cases  was  made  into  a  vein,  which  must 
be  carefully  avoided. 

It  has  also  been  claimed  that  the  antitoxin  increases  the  occurrence 
of  nephritis  and  paralysis.  For  this  there  is  no  evidence.  The  ap- 
parent increase  may  be  explained  by  the  fact  that  the  severe  cases,  in 
which  these  complications  are  most  frequent,  die  witifoitt  the  anti- 
toxins, whilst  they  are  saved  when  antiloxin  is  used. 

Since  the  ill  effects  increase  with  the  quantity  of  serum  injected,  it 
is  advisable  to  use  sera  of  high  potency. 

Therapeotio  Effecti.— The  mortality  of  diphtheria  is  re- 
duced by  about  a  third  when  antitoxin  is  used.  The  exuda- 
tion ceases  spreading  and  clears  more  rapidly;  it  rarely 
extends  to  the  larynx;  the  swelling  of  the  cervical  glands 
subsides ;  the  fever  falls  promptly,  and  the  general  condition 
improves  quickly.  The  occurrence  of  paralysis  is  not  af- 
fected. 

The  very  much  superior  results  of  early  administration 
make  it  incumbent  to  employ  the  antitoxin  just  as  soon  as 
a  well-founded  suspicion  of  diphtheria  exists;  i.  e.,  without 
waiting  for  a  positive  diagnosis.  The  possible  dangers  of 
the  treatment  are  so  slight  as  to  be  negligible  in  view  of  its 
great  benefits.  It  is  even  advisable  to  employ  immunizing 
doses  in  case  of  exposure,  before  the  disease  develops. 

Serum  Antldlphtheiicnm  (U.S.  P.).— "A  fluid  separated  from  the 
coagulated  blood  of  a  horse,  immunized  through  the  inoculation  of 
diphtheritic  toxin.  It  should  be  kept  in  sealed  glass  containers,  in  a 
dark  place,  at  temperatures  between  4.5  and  15°  C."  Sp.  G. :  1.025  to 
MOap.  Loses  10  to  30%  of  its  power  in  one  year.  The  standard  of 
stren^h  should  be  that  established  by  the  U.  S.  Marine  Hospital 
Service.  Average  Dose ;  3,000  units ;  immunizing  dose :  500  units 
(■U.  S.  P.). 

OTHER  IMMUNIZING  SERA. 

The  general  facts  concerning  these  sera  have  been  discussed  in  the 
preceding  section,  and  need  not  be  repeated. 

Tetanus  Antitoxin. —  Produced  from  horses ;  antitoxic,  not  directly 
bactericidal.  The  dose  of  the  dried  serum  is  5  Gm. ;  of  fluid  serum, 
10  to  20  c.  c.  The  injections  are  repealed  according  to  the  progress 
of  flie  case.  The  prophylactic  results  seem  to  be  excellent,  especially 
when  the  injections  are  made  about  the  wound.  After  the  symptoms 
have  deveio^d,  the  effects  are  practically  negative.  According  to 
Meyer  and  Ransom  (1903),  the  results  are  better  when  subdural  in- 
jections are   used,  or  injections  into  the  nerve-trunk. 

Aotivenomona  Serutn. —  Generally  produced  from  horses,  immu- 
nized with  cobra  venom.  Calmetta's  serum  contains  2.000  units,  i.  e., 
I  c.  c.  protects  2,000  grams  of  rabbit  against  the  just  fatal  dose.  Thedose 
is  10  to  30  c.  C,  injected  as  soon  as  possible,  preferably  by  a  vein.  The 
results  are  favorable,  if  used  promptly,  and  it  appears  to  be  effective 
against  all  varieties  of  snake  venom. 

Antipneutnococcic   Serum. —  From   horses   or  donkeys,    inoculated 
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with  virulent  cultures,  i  c.  c.  of  Pane's  serum,  No.  i,  protects  the 
rabbit  against  i,ooo  fatal  doses,  No,  2  against  3JOO0  fatal  doses.  Bac- 
tericidal. Dose,  10  to  20  c.  c,  twice  a  day,  subcutaneously,  until  con- 
valescence.    Results   uncertain,   on   accoutit  of   differences   in   the   bac- 


Antiatreptococcic    Serum.—  Bactericidal.    Production    and    results 

as  in  the  last.  Dose  uncertain.  A  polyvalent  serum  (prepared  from 
several  strains  of  bacteria)  is  recommended  early  in  puerperal  fever. 

Plague  Serum.—-  Bactericidal  and  antitoxic.  From  horses  by  inocu- 
lation with  living  cultures.  Dose,  10  to  20  c.  c,  subcutaneously,  two 
or  three  times  on  first  day,  once  a  da^'  subsequently.  Curative  results 
doubtful.     Prophylactic  good,  but  lastmg  only  four   days. 

The  results  with  iera  agaiiut  typhoid,  cholera,  tuberculosis  and  rabiei 
have  been  so  unsatisfactory,  thus  far,  that  they  require  no  further  dis- 

Serum  Against  Hay  Fever. —  It  is  claimed  by  Dunbar  that  the 
catarrhal  conditions  known  as  spring  fever,  hay  fever,  etc.,  are  caused 
by  toxalbumins  contained  in  the  pollen  of  various  plants,  notably 
grasses  and  cereals,  golden  rod,  rag  weed  and  pigweed.  These  act 
only  on  susceptible  individuals.  By  the  injections  of  these  toxins  into 
animals,  he  has  obtained  sera  for  which  he  claims  a  considerable  suc- 
cess in  treating  patients  (in  about  70%  of  the  cases).  The  serum  ha* 
been  patented  under  the  name  of  "  PoUantin."  It  is  supplied  in  liquid 
form  and  dried,  and  it  is  to  be  applied  locally  (a  little  of  the  dried 
serum,  about  the  size  of  a  lentil,  snulTed  into  the  nose)  every  momit^ 
and  evening  during  the  season.  Further  experience  is  needed  to  con- 
firm its  value. 

THE  ACTIONS   OF  TOXINS: 

A  common  action  of  all  toxins  and  similar  substances  is, 
that  they  lead  to  the  production  of  specific  anti-substances, 
which  neutralize  the  toxins,  agglutinate,  kill  or  dissolve  the 
bacteria.  The  production  of  these  antibodies  is  not  gen- 
erally harmful  to  the  invaded  organism.  On  the  other 
hand,  the  direct  effects  of  the  toxins  on  the  tissue  are  uni- 
formly deleterious.  These  effects  are  partly  local,  partly 
central.  The  local  actions  lead  to  inflammation,  to  necrosis 
or  solution  of  cells,  to  immigration  of  leucocytes,  to 
hemolysis,  etc.  In  the  case  of  soluble  toxins,  similar  effects 
may  be  produced  at  a  distance  from  the  situs  of  the  bacteria ; 
e.  g.,  fatty  degeneration  of  muscles,  particularly  the  heart ; 
nephritis;  neuritis;  solution  of  vascular  endothelium,  etc. 
Central  effects  consist  in  stimulation  or  depression  of  vari- 
ous parts  of  the  central  nervous  system.  The  most  com- 
mon expression  of  this  action  is  the  production  of  fever: 
next  come  vascular  changes.  More  pronounced  selective 
actions  are  seen  in  tetanus,  snake-bite,  etc. 

The  actions  produced  by  the  different  toxins  are  extremely  numer- 
ous. With  each  toxin,  however,  they  are  fairly  limited,  on  account  of 
the  specific  affinity  of  the  toxins  for  certain  tissues.    This  determines 
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the  characteristics  of  the  various  infectious  diseases.  As  these  are 
sufficiently  described  in  the  treatises  on  medicine,  they  need  not  be 
discussed  here.*  A  few  animal  and  vegetaUe  toxins  are  of  special 
pharmacologic  importance: 

ANIMAL  POISONS. 

Snake  Venom  —  Actions.'— The  effects  of,  snake  venom  are  partly 
local,  partly  central.  The  hcol  effects  consist  especially  in  an  intense 
cellulitis  at  the  site  of  the  bite.  This  is  accompanied  by  swelling  and 
progresses  to  gangrene.  The  blood  is  also  deeply  affected.  Its  coag- 
ulability is  altered,  as  with  albumnoses.  The  red  blood  corpuscles  are 
dissolved.  There  is  considerable  tendency  to  extravasation  and  throm- 
bosis.    The  leucocytes  sink  to  25%  of  their  normal  number. 

The  systemic  actions  are  nervous,  and  mainly  central.  The  most 
conspicuous  is  a  bulbar  paralysis.  There  is  a  period  of  incubation  (in 
man,  of  about  four  hours'  duration)  ;  the  patient  then  becomes  drowsy, 
and  then  presents  an  ascending  paralysis  of  the  cord  —  i.  e.,  in  the 
order  of  legs,  arms,  larynx,  and  tongue.  This  may  be  preceded  by 
convulsive  movements.  There  is  also  salivation  and  vomiting.  The 
respiration  becomes  dyspneic,  giving  rise  to  asphyxial  convulsions  and 
forming  the  cause  of  death.  The  heart  beats  for  some  time  after  the 
respiration  stops.  A  paralysis  of  the  vasomotor  center  is  frequent 
with  these  poisons,  leading  to  a  fall  of  blood  pressure.  The  latter  is 
in  part  due  to  peripheral  effects  on  the  heart  and  on  the  endings  of  the 
splanchnics.  In  the  heart  the  paralysis  involves  both  ganglia  and 
muscle.     There  is  also  some  curare  action. 

These  actions  are  common  to  all  snake  venoms ;  with  certain  snakes, 
however,  the  local  actions  predominate,  with  others  the  systemic. 

The  fact  that  antiventn  is  effective  against  every  form  of  snake  bite 
also  shows  that  the  toxins  of  all  snakes  are  essentially  identical.  The 
local  and  systemic  effects,  however,  are  due  lo  separate  toxins;  ac- 
cordingly, the  bite  of  some  snakes  causes  mainly  local  symptoms,  that 
of  others  systemic  effects.  The  hemolytic  toxin  is  an  amboceptor. 
Kres  has  shown  that  the  lecithin  of  the  blood  is  its  complement. 

Treatment  ol  Snake  Bite. —  The  active  and  passive  immunization 
has  been  discussed  on  page  395.  The  treatment  must  be  very  prompt. 
The  wound  should  be  ligated,  expressed,  excised  or  cauterized.  Crys- 
tals of  potassium  permanganate  should  be  rubbed  in,  or  a  solution  of 
this,  of  chlorinated  lime  or  of  iodin,  should  be  freely  injected  into  or 
ftbont  the  wound.  Medullary  stimulants,  and  large  doses  of  strj^chnin, 
are  useful.  The  popular  treatment  with  large  doses  of  alcohol  is  em- 
Certain  lizards  (Gila  monster)  secrete  poisons  having  a  close  resem- 
blance to  that  of  snakes. 

Certain  polaonons  flsh  have  glands  analogous  to  those  of  snakes, 
and  the  potson  from  these  produces  a  simitar  cellulitis.  Most  instances 
of  fish  poisoning  are  due,  however,  to  the  eating  of  their  spoiled  meat, 

Scm^ilons  contain  glands  on  tne  abdomen  which  secrete  a  poison 
which  may  have  an  action  similar  to  that  of  snake  venom.  Artificial 
immunity  may  be  acquired  by  the  use  of  gradually  increasing  doses, 
and  this  protects  even  against  the  local  reaction. 

Bees,  wasps,  hornets,  mos(|uitos,  and  ants  secrete  a  poison  which 
produces  a  local  irritation.    This  contains  formic  acid,  but  the  nature  of 

'  A  itodr  of  Ibi  irf«lion«  from  the  phanmcologic  atandpoint  will  be  found 
in  Ihe  fif«  rditian  of  tbis  work  on  pegci  191  to  410.  1  i„       1. 

aic  toxk  to  an  animili  above  the  bfdra. 
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the  active  substances,  probably  toxalbumins,  is  not  known.  One  of  the 
most  efficient  antidotes  to  insect-poisoning  is  the  local  injection  of  a 
weak  solution  of  ammonia  water. 

Spiders  secrete  two  poisons  from  separate  glands.  One  has  a  local 
irritant  action,  the  other  is  a  toxalbumin  and  possesses  systemic  ac- 
tions. These  consist  in  trembhng,  fast  pulse,  cold  sweat,  nausea,  and 
vomiting.  The  effect  is  rarely,  if  ever,  fatal.  A  hemolytic  toxin  is 
present   (Kobert,  1902). 

The  skin  glands  of  the  toad  secrete  a  neutral  poison,  which  is  not  a 
toxin,  however.  It  has  a  digitalis  action.  There  is  also  a  hemolysin 
(Faust,  1902). 

The  skin  of  the  fire  salamander  (salamandra  maculata)  secretes 
alkaloidal  poisons  which  have  a  local  irritant  and  a  strychnin  action, 
and  if  injected,  produce  death  by  respiratory  paralysis  (Faust,  1899). 

Cantharidin,  another  animal  poison  which  is  not  a  toxin,  is  dis- 
cussed in  another  place.    A  similar  poison  is  secreted  by  many  cater- 

The  bodies  of  lapeTVorms  contain  a  globulin -poison  whose  actions 
resemble  the  albumoses.  It  produces  hemolysis,  positive  chematoxw, 
paresis,  clonic  convulsions,  etc.  Anchyloiloma  contains  an  anticoagu- 
lant substance.  It  is  possible  that  the  severe  anemias  which  are  often 
associated  with  intestmal  parasites  may  be  due  to  the  production  of 

The  cervical  glands  of  the  common  leech  (Hirudo)  secrete  a  sub- 
stance (hirudin,  hemophilin)  which  delays  or  hinders  the  coagulation 
of  blood,  inside  and  outside  of  the  body.  This  substance  is  not  de- 
stroyed by  boiling  or  by  alcohol.    It  appears  to  be  a  deuteroalbumose. 

Therapeutic  Use. —  Leeches  were  at  one  time  used  extensively  for 
the  abstraction  of  blood  in  local  inflammations.  Dry  or  wet  cupping 
is  now  usually  substituted,  but  they  are  still  employed  occasionally; 
two  to  four  of  the  animals  are  applied.  The  skin  should  be  well 
cleaned,  and,  if  necessary,  a  little  milk  should  be  rubbed  on,  to  tempt 
the  animals  to  bite.  They  should  not  be  removed,  but  allowed  to  fall 
oflf.  They  cannot,  of  couise,  be  used  again.  It  is  sometimes  difficult 
to  stop  the  bleeding. 

TOXIC  ACTION  OF  PROTEIDS. 

Probably  every  proteid  i 
directly  into  the  circulatio 
however. 

Cytolyalns. —  It  will  also  be  remembered  that  the  injection  of  emul- 
sions of  the  cells  of  one  animal  into  another  causes  the  latter  to  pro- 
duce substances  which  destroy  the  cells  originally  injected;  e.  g.,  the 
injection  of  an  emulsion  of  the  kidney  cells  of  a  dog  into  the  rabbit 
gives  to  the  blood  of  this  rabbit  the  property  of  causing  necrosis  of 
the  renal  cells  when  injected  into  dogs.  Other  gland  cells  are  also 
affected  by  the  serum,  but  to  a  lesser  degree.  These  cytolysins  are 
called  helerolysins  when  they  are  produced  by  the  injection  of  cells 
from  another  species,  as  in  the  instance  given.  Cells  from  the  same 
species  may  also  give  rise  to  cytolysins,  which  are  then  termed  isoly- 
sins.  It  may  be  doubted  whether  it  has  been  demonstrated  that  an 
animal  can  produce  cytolysins   (autolysins)   from  its  own  tissues. 

Blood  Serum. —  The  injection  of  the  blood  serum  of  certain  animals 
into  other  species  causes  severe  effects,  especially  when  the  injection 
is  made  rapidly.  (The  more  mild  effects  were  described  on  page  304.) 
The  symptoms  of  the  severe  action  consist  particularly  in  fever,  fall  of 
blood  pressure,  general  convulsions  with  opisthotomos,  dyspnea,  paraly- 
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sis,  in]n>sis,  and  coma.  Nephritis  is  frequent.  Hemolysis  is  a  common 
effect    It  is  produced  by  toxins  (amboceptors). 

The  most  toxic  of  all  sera  appears  to  be  that  of  the  eel. 

Albttmosca  and  Peptonei.— The  intravenous  injection  of  these  sub- 
stances causes  fever,  and  a  considerable  fall  of  blood  presture,  due  to 
vasomotor  paralysis,  especially  of  the  splanchnic  area.  It  is  still  under 
discussion  whether  this  action  is  central  or  peripheral.  The  secretions 
—  and  particularly  the  lymj^  —  are  increased,  perhaps  by  this  vaso- 
dilatation. 

The  albumoses  have  a  peculiar  effect  upon  the  coagulabilily  of  tht 
blood.  Very  small  and  very  large  doses  hasten  the  coagulation,  whilst 
ordinary  doses  retard  it  -n  most  animals.  The  effect  is  not  seen  on 
shed  blood,  but  appears  to  be  due  to  the  stimulation,  Iw  the  albumose, 
of  the  production  of  substances  favoring  coagulation.  The  liver  seems 
lo  be  necessary  for  this  process. 

It  has  been  claimed  that  these  actions  of  albumoses  are  due  to  the 
presence  of  foreign  toxins;  but  the  most  recent  work  (Underbill, 
1903)  again  refers  the  toxicity  to  the  proteoses  themselves,  Prota- 
mint,  hittones,  etc.,  seem  to  have  similar  actions  (Thompson,  190a). 

TOXINS    OF   HIGHER    PLANTS  — PHYTOTOXINS. 

Tsrpical  toxins  occur  in  the  castor  oil  bean  (ricin)  ;  jequirity  bean 
(abrin)  ;  croton  bean  (crotin),  and  in  others.  The  three  which  have 
been  named  are  the  most  important.  They  resemble  each  other  very 
closely  in  action,  and  are  very  powerful,  crotm  being  the  weakest  Their 
•administration  leads  to  the  production  of  antitoxins,  so  that  an  im- 
munized animal  can  survive  5,000  ordinary  fatal  doses  of  ridn.  (The 
agglutinating  reaction  of  the  red  blood  corpuscles  is  not  lost  in  im- 
munization.) 

No  ricin  or  crotin  is  present  t'«  castor  oil  or  croton  oil.  There  is 
still  some  discussion  as  to  whether  these  toxins  are  true  protetds. 
The  most  recent  work  seems  to  show  that  they  are,  for  a  prepara- 
tion of  ricin  has  been  obtained,  which  is  a  typical  albumin,  and  which 
is  so  active  that  0.0005  mg.  is  fatal  to  a  kilogram  of  rabbit ;  i,  e,,  one 
part  of  the  ricin  is  fatal  to  2,000,000  parts  of  rabbit :  the  £a(al  dose  for 
man  would  therefore  be  about  0,035  mg,  or  '/«»  ^rain  (Osborne,  Men- 
del, and  Harris,  1905).  The  agglutinating  action  is  also  very  powerful. 
Frogs  have  a  much  higher  resistance,  but  this  is  lessened  by  raising 
their  temperature.    Ricin  is  digested  by  trypsin ;  it  is  excreted  by  the 


Ricin  is  the  most  important  of  the  phytotoxins.  The  eating  of  cas- 
tor beans  has  repeatedly  caused  poisoning;  three  or  four  beans  may 
cause  violent  gastroenteritis,  with  nausea,  headache,  Tomiting,  colic, 
bloody  diarrhea,  thirst,  emaciation,  and  great  debility.  The  symptoms 
usually  do  not  set  in  until  after  several  days.  More  severe  intoxica- 
tions cause  small  frequent  pulse,  cold  sweat,  icterus,  and  convulsions. 
Death  occurs  from  the  convulsions  or  from  exhaustion.  The  fatality 
is  about  6%.  This  small  fatality  is  due  to  the  destruction  of  the  poi.son 
in  the  stomach.  The  actions  can  be  best  studied  on  rabbils,  by  hypo- 
dermic or  intravenous  injections.  They  are  partly  local  —  gastroenter- 
itis; and  partly  central — paralysis  of  the  respiratory  and  vasomotor 
centers.  The  local  inflammation  also  occurs  on  other  mucous  mem- 
branes to  which  the  poison  may  be  applied,  especially  the  conjunctiva, 
(The  phytotoxins  have  no  effect  on  isolated  muscle-nerve  preparation. 

The  aMtopsy  findings  are  very  characteristic.  They  consist  in  swell- 
ing and  reddening  of  Peyer's  Patches,  internal  hemorrhages,  and  swell- 
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ing  of  the  retroperitoneal  lymph  glands.  The  site  of  the  injection  is 
boggy. 

Outside  of  the  body,  ricin  causes  agglutination  of  the  rtd  blood 
corpuscles  of  all  animals.  This  action  does  not  seem  to  occur  within 
the  body. 

Abrin,  a  toxalbumln  from  Jequirity  bean,  resembles  ricin  so  closely 
in  its  action  that  the  difference  was  only  established  when  it  was 
noticed  that  immunity  against  one  did  not  constitute  immuni^  against 
the  other.  When  the  whole  beans  are  swallowed,  no  toxic  effects 
result,  since  the  shell  is  so  hard  that  the  poison  does  not  dissolve.  But 
if  the  powder  is  taken,  it  produces  effects  similar  to  ricin.  The  action 
on  the  eye  is  much  stronger,  causing  ophthalmitis.  This  is  sometimes 
utilized  therapeutically,  but  is  not  justifiable,  since  it  is  impossible  to 
control  the  action.  This  inconvenience  has  recently  been  overcome 
by  employing  standardized   solutions  and   checking  the  action   with  an 

*Abrus  precatoriua. —  leguirily  Bean,  Prayer  Bfan. —  Papilionacese ; 
tropics.  An  infusion  may  be  made  by  macerating  the  powder  with  50 
parts  of  cold  water. 

Phallin  and  H el vel [«-«:! d.— These  are  toxalbumins  contained   in 

Helvella  esculenta,   Amanita  phalloides,  and   other  mushrooms. 

Their  action  consists  especially  in  a  very  marked  solvent  power  on 
red  blood-corpuscles,  similar  to  that  produced  by  saponins,  but  oc- 
curring inside  the  body.  This  results  in  extravasation  of  blood,  dis- 
solution, and  a  number  of  similar  actions.  Some  of  their  effects  are 
also  primary.  The  symptoms  show  a  close  analogy  to  yellow  atrophy 
of  the  liver.  These  symptoms  appear  only  after  hours,  or  sometimes 
after  days.  They  consist  in  gastro-enteritis,  cold  sweat,  somnolence, 
headache,  delirium,  coma_,  convulsions,  cyanosis,  fever,  hemoglobinuria, 
and  albuminuria  or  anuria. 

These  poisons  are  destroyed  by  drying,  or  may  be  removed  by  hot 
water,  so  that  these  mushrooms  may  be  eaten  wiui  impunity  after  this 

TUBERCULIN. 

This  intracellular  bacterial  toxin  has  some  therapeutic  interest  The 
original  tuberculin  of  Koch  is  a  sterile  glycerin  extract  of  the  bodies 
of  tubercle  bacilli  Its  injection  has  no  effect  on  normal  animals;  but 
even  very  minute  doses  cause  an  intense  reaction  in  tuberculous  ani- 
mals. This  is  shown  by  the  production  of  fever,  and  by  acute  inflam- 
matory changes  about  the  nodules.  This  may  lead  to  the  c 
of  the  nodule  into  fibrous  (issue,  and  may  thus  effect  a 
other  hand,  it  may  cause  necrosis,  and  lead  to  a  further 
of  the  tuberculous  process.  It  may  be  of  benefit  in  lupus  and  in 
tubercular  joints.  For  this  purpose,  gradually  increasing  doses  are  in- 
jected hypodermically  into  the  back.  It  is  well  to  begin  with  '/»■  c  c, 
increasing  by  '/im  c.  c.  until  Vi«  c.  c.  is  reached ;  it  is  then  increased 
by  '/■»  c.  c.  until  Vm  c.  c  is  reached.  Larger  additions  may  then  be 
made.  The  total  dose  should  not  exceed  '/«  c.  c,  as  a  rule.  The  dilu- 
tions are  made  with  0.5%  carbolic  acid.  In  pulmonary  tuberculosis 
its  use  is  distinctly  dangerous.  It  should  be  remembered  that  it  has 
no  direct  effect  on  the  bacilli. 

The  greatest  value  of  tuberculin  is  as  a  means  of  c^agnosb.  A  rise 
of  temperature  of  1°  F,  is  taken  as  the  index  of  the  reaction.  The 
injection  should  be  made  between  6  and  8  p.  11. ;  and  the  temperature 
on  the  next  day  taken  every  three  hours.  (The  norma!  ttmperatnre 
should  be  ascertained  for  two  days  previously.)     The  first  injection 
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should  be  '/uH  c.  c  (or  adults,  Vng  to  '/»•  c,  c.  for  children.  If  there 
is  no  reaction,  another  injection  of  '/■■  c.  c.  (for  children  '/■»  to 
'/«•  C.C.)  is  made;  and  if  necessary  a  third  injection  of  '/w  c.c.  (for 
children  'Am  to  '/»)■  When  given  in  this  guarded  manner,  there  is 
practically  no  danger.  A  positive  reaction  is  not  quite  distinctive,  since 
it  is  sometimes  seen  in  other  affections.  The  test  is  aJso  widely  used 
for  the  detection  of  tuberculous  cattle.  Another  form  of  the  tuber- 
culin (Tuberculin  R)  has  been  prepared  by  the  extraction  of  cultures 
grown  on  solid  media.  It  is  somewhat  milder,  but  no  more  successful ; 
and  it  has  been  found  to  contain  living  bacilli,  so  that  its  use  should  ■ 
be  condemned. 


CHAPTER  XIX. 

THE  SERIES  OF  HYDROCARBON  NARCOTICS. 

ALCOHOL,  GENERAL  ANESTHETICS    HYPNOTICS, 
FORMALDEHYD. 

(A)  GENERAL. 

I.  INFLUENCE  OF  CHEMIC  STRUCTURE  ON  ACTION. 

This  series  includes  all  such  hydrocarbon  compounds  —  derivatives 
of  the  fatty  series  CnHin-(-i  — in  which  the  hydrocarbon  portion  is 
the  active  part.  In  order  that  they  may  exert  their  specific  pharma- 
cologic action,  it  is  necessary  that  they  be  capable  of  absorption 
and  distribution  in  the  liquids  and  tis.<iues  of  the  body.  This  may 
be  either  by  direct  solution,  as  in  the  case  of  chloral ;  or,  in  virtue  of 
their  volatility,  as  with  chloroform.  Members  of  the  series  which 
are  neither  soluble  nor  volatile  —  such  as  paraffin  —  have  no  action. 
There  is  reason  to  believe  that  the  physiological  action  depends  on  a 
solution  of  the  fatty  constituents  {lecithin  and  choleslerin)  within  the 
cells.  This  is  determined  by  the  solubility  coeMcienl.  viz.,  the  solu- 
bility in  oils  divided  bjf  the  solubility  in  water.  This  factor,  and  there- 
for the  physiologic  action,  varies  in  a  definite  manner  with  changes  in 
the  chemic  composition. 

The  influence  of  chemic  structure  upon  the  action  has  been  very 
fully  studied  in  this  series.  The  following  conclusions  appear  justi- 
fied :  Other  things  being  equal,  the  strength  of  action  increases  with 
die  length  of  the  chain;  the  greater  the  value  of  n,  the  stronger  will 
be  the  action.'  A  limit  is  soon  reached,  however,  for  the  drugs  become 
less  volatile  and  less  soluble  the  higher  they  stand  in  the  series :  so 
that  the  higher  paraffins  are  entirely  insoluble  and  inactive.  The  ethyl 
radicle,  GH^  seems  to  be  best  adapted  to  therapeutic  purposes.  The 
action  may  be  modified  by  replacing  the  H  of  the  group  by  other  ele- 
■Tbe    boiling-poiot    uid    the    relative    toxicity    of   ihc    ilcoholi    ire    given    ai 

BoiLiNC-PoiHT.  Tom  CI  TV   (Badi). 
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ments  or  groups.  The  compounds  so  formed  all  possess  the  typical 
action  of  the  hydrocarbon  group;  but  this  may  be  so  overshadowed  b^ 
other  actions  as  to  be  scarcely  appreciable,  A  good  example  of  this 
is  the  introduction  of  the  group  N0>.  This  acts  very  much  more 
strongly  than  the  hydrocarbon  part  of  the  molecule,  and  consequently 
the  nitrite  action  is  obtained  long  before  there  can  be  any  hydrocarbon 
action.  The  same  is  true  if  we  substitute  an  aromatic  radicle.  The 
introdaction  of  certain  other  radicles  weakens  the  hydrocarbon  action 
to  a  ver^  great  extent.  We  may  menlion  especially  the  acid-forming 
radicle  COiH,  The  introduction  of  hydrocarbwn  radicles  into  an  amiit 
molecule  destroys  their  action  entirely.  The  introduction  of  more 
than  one  OH  group  also  weakens  or  destroys  the  action.  Atdehyds 
and  ketones  are  more  active  than  the  corresponding  alcohols.  The 
introduction  of  the  halogens,  and  especially  of  CI,  often  enhances  the 
action,  but  this  is  not  proportional  to  the  number  CI  molecules  intro- 
duced. The  introduction  of  O  (ethers)  also  increases  the  action.  The 
introduction  of  acids  (esters)  weakens  it 

II.  THEORIES  OF  THE  ACTION  OF  HYDROCARBON 
NARCOTICS. 

Alcohol  and  the  members  of  this  group  are  amongst  the  very  few 
drugs  with  which  it  has  been  attempted  to  reach  the  real  explanation 
of  the  i)henomena,  and  to  go  behind  the  bare  statement  that  they  act 
stimulatingly  or  depressingly  on  such  and  such  structures.  A  number 
of  hypotheses  have  been  advanced,  but  the  question  cannot  be  consid- 
ered as  conclusively  answered. 

SSted  that  t 

_, _.    -  - -„   ---,  -1  some  mysterious  manner. 

;  chloroform  acts  upon  a  frog  whose  brain  has  previously 
been  deprived  of  all  nourishment  by  replacing  its  blood  with  normal 
salt  solution,  this  theory  cannot  stand.  The  same  objection  holds 
against  the  theory  that  the  narcosis  is  produced  by  insufficient  nourish- 
ment of  the  brain  through  disturbances  in  its  circvlalion.  Nor  are 
all  observers  agreed  on  just  what  these  changes  are;  they  must  be 
looked  upon  as  incidental  rather  than  causative.  They  are  due  proba- 
bly to  the  effects  of  alcohol  on  the  circulation  elsewhere  —  the  dilata- 
tion of  the  splanchnic  and  cutaneous  vessels,  etc.  It  must  be  consid- 
ered as  proved  that  these  narcotics  act  directly  upon  the  nerve-cells. 
In  regard  to  this,  there  are  three  main  theories,  two  based  upon  diemic, 
the  other  upon  histologic,  evidence. 

Claude  Bernard  was  inclined  to  refer  the  action  to  a  s£m\-coagMlation 
of  the  protoplasm,  but  his  view  was  based  solel);  on  analogies.  Bint 
showed  histologically  that  the  cells  of  fresh  brain  sections  are  coag- 
ulated by  solutions  of  chloroform  or  morphin;  but  he  had  to  employ 
relatively  enormous  concentrations,  nor  could  it  be  supposed  thai  the 
coagulated  cells  could  ever  resume  their  activity.  None  of  these 
theories  are  therefore  satisfactory. 

Meyer  and  Overton  independently  discovered  the  fact  that  the  anes- 
thetic action  is  proportional  lo  the  coefficient  of  solubility,  i.  e.,  the 
solubility  in  oils,  divided  by  the  solubility  in  water.  In  other  words, 
the  narcotic  action  varies  u-ith  the  solvent  power  for  fats.  This 
forms  the  basis  of  their  theory,  namely,  that  the  anesthesia  is  pro- 
duced by  3  fluidification  of  the  fatty  (lipoid)  constituents  of  the  nerve- 
cells  (especially  lecithin  and  cholesterin),  upsetting  in  this  way  the 
normal  conditions.  The  action  cannot  be  due  to  an  actual  removal 
of  fat  from  the  cell,  nor  to  alterations  of  the  permeability  of  the 
ceil  wall,  because  recovery  occurs  very  promptly  when  the   anesthetic 
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is  removed;  direct  experiments  also  speak  against  this  mechanism. 
The  theory  does  not  apply  to  alkaloidal  narcotics,  such  as  morphin. 
Thit  theory,  thai  the  anesthetic  action  is  due  lo  a  solution  of  the 
Ufoids  within  the  cell,  agrees  best  with  the  facts,  and  may  therefor  be 
accepted. 

For  instance,  if  the  Iheory  is  correct,  every  absorbable  substance 
which  is  a  fat-solvent  should  have  an  anesthetic  action  i  this  should  be 
seen  in  all  cells  (since  every  cell  contains  lipoids)  ;  it  should  occur  in 
the  same  concentration  of  solution;  the  anesthetic  action  of  a  mixture 
should  equal  the  simple  sum  of  the  actions  of  its  constituents ;  the 
effect  should  be  proportional  to  the  concentration,  and  not  to  the  ab- 
solute dose,  etc.  These  are  the  actual  tacts.  The  relation  of  con- 
centration to  action  is  especially  interesting.  Precisely  the  same  con- 
centration o(  chloroform  or  ether  produces  the  same  degree  of 
anesthesia  in  all  cells  (excepting  plants  and  a  few  invertebrates). 
For  instance,  ordinary  anesthesia  required  in  all  animals  a  concentra- 
tion of  anesthetic  to  serum,  of  ether,  i  :4O0;  of  chloroform,  i  14,500 
to  6,000;  but  cold-blooded  animals  reach  (tie  same  concentration  in  the 
blood  with  a  lesser  concentration  in  the  air,  on  account  of  their  lower 
temperature. 


Fio.  go.— Alcohol    on    Parkinie    cell*,    t 
I,  Normal:  1.  alcohol  for  lift)' 

It  may  well  be  supposed  that  the  changes  in  the  physical  composition 
of  the  cell  will  produce  correspordinB  changes  in  their  histologic 
structure.  Most  of  these  would  probably  disappear  in  the  process  of 
fixation,  but  certain  of  them  appear  to  persist.  A  diminution  and 
fusion  of  the  Nissl  granules  has  been  described  by  good  observers  after 
deep  anesthesia  (Fig,  80)  ;  other  observers  have  not  been  able  to 
confirm  this,  and  the  changes  may  be  only  artifacts.  It  is  also  stated 
that  the  dendrites  of  many  pyramidal  cells  show  moniliform  enlarRe- 
ments;  the  alterations  disappearing  completely  within  forty-eight  hours, 
even  when  caused  by  chloroform  anesthesia  of  nine  hours'  duration. 
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in.  SUMMARY  OF  ACTIONS. 

1.  A  precipitation  of  proteids,  leading  to  irritation  and 
death  of  tissues,  and  hindering  the  action  of  ferments  and 
the  growth  of  bacteria, 

2.  Reflex  actions  resulting  from  this  irritation. 

3.  A  depressant  (narcotic)  action  upon  the  central  ner- 
vous system,  exerted  primarily  upon  the  higher  centers  of 
the  brain,  and  lastly  upon  the  medulla. 

4.  A  similar  depressant  action  on  all  cells,  and  a  taking 
of  blood  corpuscles ;  these  are  seen  especially  on  local  applica- 
tion. 

5.  In  the  case  of  alcohol,  the  capability  of  oxidation  and 
consequently  of  acting  as  a  food. 

IV.  DETAILS  OF  ACTION. 
1-  The  local  action  rests  largely  on  a  coagulation  of  pro- 
teids, just  as  in  the  case  of  the  aromatic  antiseptics. 

The  cause  of  this  coagulation  differs  in  some  respects  in  the  various 
members.  In  the  case  of  alcohol  it  rests  upon  withdrawal  of  water, 
and  consequently  all  proteids  are  affected ;  chloroform  has  a  more 
marked  action  upon  globulins  (especially  myosin),  and  ether  upcoi 
albumins  (especially  egg-albumen).  Many  of  the  other  members  of 
the  series  resemble  one  or  the  other  of  these  three. 

2,  This  coagulation  of  protoplasm  causes  irritation  tnd 
inflammation, —  an  increase  followed  by  diminution  and 
Anally  abolition  of  function, —  which  are  manifested  in  vari- 
ous ways  on  the  administration  of  these  substances. 

When  given  in  concentrated  form,  they  cause  a  sensation 
of  burning  on  the  mucous  membranes  with  which  they 
come  in  contact.  This  is  strongest  with  the  aldehyds  (e.  g., 
formaldehyd,  and  acrolein,  the  irritant  vapor  fonned  in  the 
overheating  of  oils).  In  the  stomach  they  give  rise  to 
vomiting  (especially  chloroform).  The  continued  use  of 
concentrated  alcoholic  liquids  brings  about  chronic  gastric 
catarrh,  and  consequently  impairment  of  nutrition.  In 
dilute  form  the  changes  are  much  less,  and  may  even  be 
absent. 

Whilst  alcohol  is  partly  burned,  much  of  it  remains  un- 
changed, and  this  holds  still  more  of  most  of  the  other  mem- 
bers of  the  series.     During  their  passage  through  the  body 
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they  cause  similar  irritations  in  other  organs.  These  are 
most  marked  in  the  liver  and  kidneys,  and  result  in  inflam- 
matory changes,  especially  interstitial.  If  the  course  of  the 
poisoning  is  slow,  as  in  alcohol,  connective-tissue  prolifera- 
tion and  fatty  degeneration  are  the  principal  lesions.  Chlo- 
roform and  ether  produce  inflammation  of  the  kidneys  much 
more  quickly  than  alcohol ;  a  single  administration  may  re- 
sult in  typical  acute  nephritis  with  albumin,  casts,  hemo- 
globin, etc.  It  is  scarcely  necessary  to  assume  a  special 
susceptibility  of  these  organs  toward  the  local  action  of  the 
series,  since  they  are  situated  respectively  at  the  portal  of 
entry  and  of  exit,  where  the  drugs  are,  of  course,  in  the 
most  concentrated  form. 

Smaller  doses  of  alcohol  caus«  diuresis  through  this  irri- 
tant action. 

In  addition  to  their  coagulant  action,  the  insoluble  and 
volatile  members  of  the  series  irritate  as  molecular  foreign 
bodies,  since  they  penetrate  tissues  readily  by  virtue  of  their 
volatility,  but  do  not  mix  with  their  constituents.  On  this 
quality  rests  their  employment  as  embrocations:  they  pro- 
duce a  slight  but  deep  irritation.  When  applied  to  the 
skin,  this  results  in  redness  and  a  sensation  of  burning, 
which  in  the  case  of  some  (chloroform)  becomes  very  pain- 
ful. This  is  followed  by  local  anesthesia.  Alcohol  in 
greater  dilution  (25%  to  50%)  produces- an  increased  cell 
division  when  applied  to  wounds,  and  an  increased  secretion 
of  digestive  juices  and  more  rapid  absorption  when  taken 
by  the  stomach. 

When  ihe  more  volatile  members  are  applied  to  the  skin  and  allowed 
to  evaporate,  this  abstracts  heat,  resulting  in  a  sensation  of  coolness, 
in  place  of  the  burning  noticed  if  they  are  rubbed  in  or  covered.  This 
abstraction  of  heat  may  be  carried  to  actual  freezing  of  the  tissues  by 
using  the  volatile  substance  in  the  form  of  spray  —  a  method  made 
use  of  for  the  production  of  local  anesthesia.  (See  p.  22^.)  Some 
also  cause  stimulation  of  the  nerves  of  taste  and  stnell;  the  bouquet 
of  wines  and  liquors  is  due  to  members  of  this  series — for  the  most 
part    unknown  —  and   grouped    together    under    the    name   "  cenanthic 

Applied  directly  to  a  muicle  or  nervCt  they  set  like  any  other  pro- 
toplasmic poison,  producing  increase  and  then  diminution  of  function. 
They  also  paralyze  cilia,  and  in  fact,  all  cells,  animal  and  vegetable. 

When  injected  near  a  nerve-trunk,  they  may  cause  paralysis  due 
to  a  circumscribed  neuritis  —  a  fact  important  to  bear  in  mind  in  mak- 
ing  hypodermic   injections  of  alcohol  or    ether  or  of  alcoholic  ex- 

The  conductivity  of  the  nerve  is  lowered,  as  well  as  its  excitability; 
lor  if  a  nerve  is  exposed  to  ether  vapor,  stimulation  at  the  proximal 
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end  ceases  to  be  effectual  much  sooner  than  at  the  distal  end.  The 
excitability  is  recovered  if  the  ether  is  washed  off  in  time.  With 
chloroform,  recovery  is  more  difiicult. 

The  coagulating  action  also  determines  the  antiseptic 
properties  of  this  series.  Their  efficiency  is  much  less  than 
that  of  the  aromatic  group.     Formaldehyde  is  an  exception. 

Iodoform  owes  its  action,  not  to  the  hydrocarbon  part  of  its  molecule, 
but  to  the  iodin  liberated  from  it 

The  hydrocarbons  are  also  very  efficient  parasiticides. 

They  are  of  no  great  value  as  anlhelminlia,  since  they  are  too 
rapidly  absorbed  and  produce  too  great  a  local  irritation. 

3.  The  action  opon  the  central  nervoni  lyitem  is  purely 
depressant,  according  to  most  pharmacologists.  It  agrees 
with  morphin  in  affecting  primarily  the  higher  psychic  func- 
tions, but  differs  from  it  in  lowering,  instead  of  heightening, 
the  reflexes. 

Four  stages  may  be  distinguished  in  this  nervous  action : 

1 .  The  so-called  "  stttmilant "  stage,  when  the  activity  of 
certain  centers  appears  increased. 

2.  The  narcotic  stage,  in  which  a  marked  lowering  of 
the  psychic  functions  and  a  disturbance  of  the  "  balance  of 
the  brain  "  become  apparent. 

3.  The  anesthetic  stage,  with  loss  of  motion,  of  con- 
sciousness, of  sensibility  to  pain,  and  of  some  reflexes. 

4.  The  paralytic  stage,  with  total  abolition  of  the  cere- 
bral, spinal,  and  lastly  of  the  medullary  centers,  the  latter 
causing  death. 

This  description  applies  to  all  the  hydrocarbons  which  may  be 
classed  in  this  series.  But  great  differences  exist  in  the  readiness  with 
which  one  Stage  passes  into  the  other.  These  differences  are  merely 
quantitative.  Alcohol,  ether,  and  chloroform,  for  instance,  form  a 
regular  series  in  this  respect  But  this  difference  is  an  extremely  im- 
portant one  practically,  so  that  it  will  be  better,  in  so  far  as  the  action 
on  the  central  nervous  system  and  the  therap.eutic  uses  are  concerned, 
to  subdivide  the  subject  into  three  groups,  placing  alcohol  in  one.  the 
general  anesthetics  in  the  next,  and  the  hypnotics  of  the  hydrocarbon 
series  in  the  third.  A  fourth  group  is  constituted  by  formaldehyd, 
which  is  not  anesthetic,  but  antiseptic. 

(B)  THE  ALCOHOL  GROUP. 

I.   THE  STIMULANT   OB   EXCITEMENT   STAGE 

is  observed  in  most  cases  after  taking  "moderate"  doses 
of  alcohol  —  a  quantity  not  easily  expressed  in  cubic  centi- 
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meters.  The  phenomena  are  only  too  well  known.  They 
are,  at  first  view,  typical  of  stimulation.  There  is  an  in- 
crease in  the  rate  of  the  respiration  and  of  the  heart;  the 
blood  pressure  rises.  The  skin  is  reddened,  with  a  grate- 
ful sensation  of  warmth  and  comfort.  There  is  an 
increased  vivacity  of  motion,  action,  and  speech,  which 
latter  may  acquire  a  stamp  of  brilliancy,  even  of  inspira- 
tion. The  subjective  condition  of  the  individual  also 
undergoes  a  peculiar  change. 

Shyness,  if  it  ordinarily  exists,  is  replaced  by  self-confidence.  The 
person  under  the  influence  of  alcohol  feels  an  unlimited  confidence  in 
his  own  powers  and  accomplishments,  both  intellectual  and  physical. 
He  will  attempt  very  difficult,  even  impossible,  tasks,  and  feel  that  he 
accomplishes  them.    And  he  similarly  overestimates  the  productions  of 

These  manifestations  are  so  conspicuous  and  apparent, 
that  alcohol  in  proper  doses  has  been  considered  a  typical 
stimulant ;  this  opinion  is  still  held  by  some  eminent  pharm- 
acologists. However,  the  experimental  study  of  its  actions 
tends  to  the  conclusion  that  few,  if  any,  of  these  actions 
depend  upon  true  direct  stimulation  of  the  nerve-centers; 
but  that  they  are  the  indirect  result  of  incoordination,  of 
accessory  factors  of  environment,  and  of  reflex  stimula- 
tions. 

If  the  phenomena  be  somewhat  more  closely  inquired 
into,  this  will  become  apparent  at  once.  Of  the  physical 
phenomena,  the  flushing  of  the  cntaneona  ves»el«  —  to  which 
the  sensation  of  warmth  must  be  attributed  —  occurs  as  the 
result  of  a  vasomotor  paralysis,  restricted,  it  is  true,  to  this 
area.  The  quickened  pnlae  results  partly  from  re6exes 
caused  by  swallowing  and  by  irritation  of  the  mucous 
membranes,  partly  from  the  increased  excitement  and 
motion;  not  at  all  from  a  direct  action  on  the  cardiac  ner- 
vous or  muscular  mechanism  —  for  it  is  entirely  absent  in 
animals,  and  very  brief  in  man  if  the  factor  of  excitement 
be  eliminated.     The  quickening  of  the  respiration  is  also 

largely  due  to  similar  causes. 

The  increase  occurs,  however,  even 
environment  are  not  essential.    Nor  can  it 

<  No  beflcr  descriplion  of  Ihuc  cfFccti  can  bi 
"Whit  wonitn  doe*  Dot  wind  It  discloia  BCcr 
hops;  thcusu  Iht  coward  forlh  to  baltle;  ttiet  the 
iDMract)   In    ana.     Whom   b«   not   s    cheerful    glasi 
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to  reflex  irritation,  for  other  irritants  do  not  produce  an  equivalent 
effect  The  increase  is  quite  large ;  the  amount  of  respired  air  may 
be  doubled.  The  effect  is  especially  large  in  fatigue,  and  is  greater 
with  wines  and  liquors  rich  in  "  bouquet, '  than  with  dilutions  of  pure 

alcohol  (Binz,  1903). 

The  piychio  phenomena  find  their  explanation  in  a  dulling 
of  certain  mental  faculties  whilst  others  are  still  practically 
unaffected  —  in  a  disturbance  of  what  htis  been  called  the 
"  normal  balance  of  the  brain."  The  first  functions  to  be 
lost  are  the  finer  grades  of  judgment,  reflection,  observa- 
tion, and  attention  —  the  faculties  which  have  largely  been 
acquired  through  education,  and  which  constitute  the  ele- 
ments of  the  restraint  and  prudence  which  man  usually 
imposes  on  his  actions. 

Thus,  to  quote  a  well-known  example:  The  orator  110  longer  con- 
siders that  he  may  be  called  to  account  for  his  utterances  1  he  allows 
himself  to  be  carried  by  the  impulse  of  the  moment,  without  reflecting 
on  ultimate  consequences,  and,  as  his  expressions  become  freer,  they 
acquire  an  appearance  of  warmth,  of  feeling,  of  mspiration.  And  not 
a  tittle  of  this  inspiration  is  contributed  by  the  audience,  who  are 
usually  in  a  similar  condition  of  increased  appreciation. 

The  view  that  alcohol  increases  the  intellectual  and  physi- 
cal powers  of  the  individual  is  shown  by  actual  experiment 
to  be  erroneous,  and  based  almost  entirely  upon  the  sub- 
jective conditions  of  the  individual,  his  weakened  faculty 
of  judgment. 

Er^graphic  experiments  show  that  moderate  doses  (10  Gm.)  at 
first  increase  the  ijower  of  voluntary  muscular  work  (to  g%),  btjt  in 
one-half  hour  diminish  it  to  6%  below  normal.  The  increase  is  only 
seen  when  the  muscle  is  not  too  much  exhausted,  but  it  is  favored  bj 
moderate  fatigue.  The  favorable  effect  appears  to  be  due  partly  to 
the  direct  food-value  of  the  alcohol,  partly  to  a  central  action.  Tlie 
depression  is  purely  central    (Hellsten,  1904). 

On  frog's  muscle,  minute  quantities  have  no  effect;  moderate  doses 
exert  a  favorable  action  on  all  the  features  of  muscular  activity;  larger 
quantities  are  very  unfavorable  (Lee  and  Salant,  1902). 

Kraepelin,  who  has  probably  done  the  most  extensive  accurate  work 
on  the  psychic  effects  of  alcohol,  states  it  as  his  opinion  that  the  asso- 
ciation of  words  and  ideas  is  favored  by  it,  but  that  the  rapid  associa- 
tion of  disconnected  syllables,  as  in  psychologic  experiments,  is  dimin- 
ished.   Memorization  is  not  interfered  with. 

Experience  soon  teaches  this  lesson :  that  alcohol  does  not  really 
Stimulate.     Persons    who    have    to    undergo    severe    exertion,  -either 

f>hysical  or  intellectual,  very  rarely  take  alcohol  before  or  during  their 
abor  but  only  when  this  is  finished.  And  then  not  for  any  stimulat- 
ing, but  really  for  its  deftressin^,  effect;  for  the  feeling  of  comfort 
and  general  relaxation  which  it  induces.    The  continued  use  of  large 
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doses  of  alcohol  greatly  diminishes  the  activiw  of  Ihe  individual,  and 


Another  very  characteristic  feature,  evidently  resulting 
from  this  paralysis  of  the  higher  functions  is  the  loss  of  the 
power  to  control  moods.  There  may  be  causeless  merri- 
ment or  sadness,  friendliness  or  the  opposite.  It  is  inter- 
esting to  note  how  often  alcohol  brings  out  the  true 
character  of  an  individual  by  this  abolition  of  restraint: 
"  There  is  truth  in  wine."  On  the  other  hand,  the  habits 
of  self-control,  where  they  have  been  cultivated,  persist  to 
some  extent  even  in  intoxication. 

These  facts  being  established,  it  may  be  asked :  Why  do 
we  continue  to  speak  of  alcohol  os  a  stimulant?  How  may 
the  undoubted  benefits  in  general  debility,  in  shock,  in  high 
fever,  etc.,  be  reconciled  with  the  view  that  alcohol  does  not 
stimulate  the  central  nervous  system?  The  answer  must 
be  that  the  explanation  is  not  the  same  in  all  cases,  but  that 
it  is  in  no  case  necessary  to  assume  any  direct  stimulant 
action.     This  will  be  discussed  in  the  therapeutic  part. 

11,  PARALYTIC   STAGES. 

The  symptoms  of  the  first  stage  being  so  largelv  paralytic,  it  is  plain 
that  no  sharp  1>ne  can  be  drawn  between  it  and  the  second  stage;  and, 
similarly,  there  is  a  very  gradual  transition  between  the  second  and 
(bird;  all  the  stages,  in  fact,  being  but  periods  in  the  same  progressive 
paralytic  process. 

The  narcotic  ati^  may  be  said  to  exist  when  the  symp- 
toms of  lessened  psychic  activity  assume  prominence. 
Sensation  and  motion  become  lessened.  Speech  is  thick 
and  muttering,  the  gait  uncertain,  the  special  senses  are 
blunted.     There  is  tendency  to  sleep. 

Consciousness  and  sensation  are  gradually  completely 
abolished,  and  this  constitutes  the  third  or  anesthetic  it^e. 

In  the  paialj^c  stage  proper,  the  symptoms  are  those  of 
beginning  medullary  paralysis:  The  respiration  is  slow 
and  stertorous,  the  pulse  scarcely  disfcernible.  Skin  cold 
and  cyanotic.  Pupils  generally  dilated.  Reflexes  abol- 
ished. If  very  large  doses  have  been  taken  on  an  empty 
stomach)  these  paralytic  symptoms  come  on  at  once.  Fatal 
cases  from  acute  poisoning  are  very  rare :  in  these  the  coma 
grows  deeper  and  death  finally  results,  usually  from  edema 
of  the  lunge  or  stoppage  of  respiration.     In  subacute  cases 
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it  may  occur  suddenly  during  convalescence  as  a  result  of 
the  gastric  irritation,  or  from  the  debilitation.  The  fata! 
dose  is  stated  as  60  to  180  Gm. 

Ordinarily,  however,  the  course  is  very  slow,  and  almost 
always  ends  in  recovery.  The  coma  —  if  the  intoxication 
has  progressed  so  far  —  passes  into  natural  sleep,  and  on 
awakening  there  follows  a  series  of  symptoms  pointing 
mainly  to  acute  gastric  catarrh,  and  perhaps  to  neuritis; 
and  grouped  by  the  Germans  under  the  name  of  "  Katzen- 
'  jammer  " :  headache,  coated  tongue,  loss  of  appetite,  irrit- 
able stomach,  muscular  pains,  etc.  These  show  curious 
peculiarities  for  the  various  alcoholic  liquids.  The  reasons 
for  these  differences  are  not  known. 

Directing  more  particular  attention  to  the  effect*  apon 
the  medullary  centers,  a  primary  direct  paralysis  may  be 
made  out,  although,  as  has  been  said  this  may  be  preceded 
by  reflex  stimulation. 

The  respiration  js  generally  quickened  through  excite- 
ment; but  if  this  is  excluded,  it  is  usually  diminished  (Fig. 
82S,  p.  430). 

The  effects  of  alcohol  on  the  cinralation  (Fig.  82  A)  are 
still  very  obscure,  notwithstanding  numerous  researches; 
they  appear  to  vary  with  conditions. 

In  the  excited  nui>nmall«n  heart,  very  low  concentrations  of  alco- 
hol (0.13  to  a3%)  are  somewhat  stimulant:  depression  appears  only 
when  the  concentration   exceeds   1%.     Diastole  is   not   increased.     The 


alcohol  is  removed  (O.  Loeb,  igos)- 

Kochmann  (1904)  finds  no  indication  of  stimulation  tn  the  excised 
mammalian  heart,  by  any  concentration.  The  muscle  is  damaged  only 
when  3%  is  reached;  4  to  5%  arrest  in  diastole.  In  intact  mammals, 
he  finds  some  stimulation,  the  heart  being  better  nourished  on  account 
of  the  vascular  changes  (igos). 

The  blood-prcaaiire  Is  scarcely  altered  by  moderate  doses  of  alco- 
hol, in  normal  animals  or  in  those  suffering  from  infectious  fever. 
There  may  be  an  insignificant  rise.  This  negative  behavior  of  the 
blood -pressure  must  not  be  interpreted  as  proof  that  there  is  no  action 
on  the  circulation.  On  the  contrary,  Wood  and  Hoyt  (1905)  have 
shown  by  the  strohmuhr  that  Ihe  rate  of  flow  is  considerably  increased ; 
there  is  also  a  considerable  rise  of  pressure  if  Ihe  alcohol  is  adminis- 
tered after  division  of  the  spinal  cord.  These  facts  demonstrate  that 
alcohol  produces  hvo  important  effects:  an  increased  outpui  of  the 
heart,  and  a  vasodilation  by  depression  of  the  vasomotor  center.  These 
two  actions  largely  counteract  each  other  as  regards  Mood-pressure : 
but  Ihey  support  each  other  in  causing  an  increased  blood-How  through 
organs.  The  cardiac  stimulation  tends  to  be  further  increased  by  the 
quickened  rale,  due  to  the  excitement. 

The  vasodilation  is  not  equally  strong  in  different  areas.    The  cu- 
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taneous  vessds  are  affected  most  conspicuously,  so  that  the  plethysmo* 
graph  shows  a  marked  increase  in  the  volume  of  the  human  arm.  The 
gastric  vessels  are  also  dilated  through  the  local  irritation.  The  cere- 
bral vessels  show  at  first  a  marked  constriction,  followed  by  dilation 
through  diminished  tonus  (Aliprandi  and  Fomaroli,  1905), 

The  vasodilator  action  of  alcohol  is  doubtless  central ;  its  peripheral 
action  on  the  vessels  tends  to  constriction  (Plumier,  IQ05). 

Larie  docei  of  alcohol  depress  both  the  heart  and  the  vasomotor 
center,  so  that  the  fall  of  Mood-pressure  is  very  conspicuous. 

The  skin,  after  severe  alcoholic  poisoning,  may  show  effects  resem- 
bling those  of  contusions  or  bums:  edema,  blisters,  extravasation  of 
blood,  and  gangrene.  Bedsores  are  especially  common.  These  effects 
may  perhaps  be  due  to  injury  to  the  capillaries,  or  neurites. 

These  remarks  upon  the  action  of  alcohol  on  the  circula- 
tion apply  only  to  the  normal  individual.  With  debilitated 
individuals  it  may  markedly  raise  the  rate  and  efficiency 
of  the  heart,  and  consequently  the  blood  pressure,  probably 
mainly  by  acting  as  a  food. 

As  a  consequence  of  the  cutaneous  vasodilatation,  there 
is  a  fall  in  the  temperature  of  the  body,  especially  when  the 
external  temperature  is  low.  At  the  same  time  there  is  a 
sensation  of  warmth,  and  an  actual  rise  of  the  temperature 
of  the  skin,  through  this  increased  cutaneous  circulation, 

III.  EFFECTS    OF    ADMIXTURE    OF    OTHER    SUBSTANCES 
(ETHERS.  ETC.). 

Before  leaving  the  actions  of  alcohol  on  the  central  nervous  system, 
some  peculiarity  of  action  possessed  by  the  different  forms  of  spirits 
may  be  discussed.  These  divergences  from  the  typical  effects  are 
due  mainly  to  substances  other  than  alcohol,  but  for  uie  [post  part  not 
known. 

It  may  also  be  remarked  that  the  action  of  a  given  amount  of  alco- 
hol varies  with  the  concentration.  The  greater  the  alcoholic  concen- 
tration of  the  liquid,  the  greater  will  be  its  local  and  systemic  effect 
(the  laUer  on  account  of  tne  quicker  absorption). 

Beer  owes  its  marked  hypnotic  ^aalilies  to  the  lupulin  of  the  hops 
as  well  as  to  the  alcohol.  Some  wmes  are  also  hypnotic,  whilst  others 
—  the  majority—- are  exalting. 

The  diuretic  action  of  gin  is  largely  due  to  the  essential  oils  con- 
tained in  it  Partially  fermented  wines  produce  particularly  often  a 
disturbance  of  the  equilibrium,  sometimes  seen  with  other  forms  of 
spirit  —  the  individual  becomes  "knee  drunk,"  i.  e.,  incapable  of  main- 
taining the  upright  position,  before  the  paralysis  of  the  mental  func- 
tions has  progressed  to  a  great  extent.  Abilntlie  produces  hallucina- 
tions and  finally  epilepsy. 

The  atroiiger  ipirlti  contain,  besides  alcohol,  substances  which  may 
pharmacologically  be  divided  into  two  groups :  those  that  give  the 
bouquet  (flavor)  and  have  no  other  marked  action;  and  those  that 
have  a  deleterious  effect.  The  latter — which  are  commonly  called 
impurities  —  are  largely  destroyed  by  age.  The  most  common  is  amyl 
alcohol   (fusel  oil). 

The  action  of  these,  as  far  as  studied,  is,  upon  the  whole,  similar  to 
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that  of  alcohol  itself,  but  more  toxic.  The  higher  ethers  are  said  to 
be  more  stimulant  to  respiration.  The  aldehyds  have  a  strongly  irri- 
tant action  on  mucous  membrane  —  as  shown  by  formaldehyd  or 
acrolein  (allyl-aldeiiyd  —  the  vapors  of  overheated  fatty  oil).  The 
relative  toxicity  of  the  higher  alcohols  has  already  been  given.  The 
most  important  is  amyl  alcohol,  the  so-called  fusel  oil.  It  has  a  more 
violent  acute  action  and  more  pronounced  after-effect  than  the  ethyl 
alcohol.  But  its  admixture  up  to  1%  produces  very  little  difference 
in  acute  intoxication.  Furfural,  which  was  formerly  believed  to  modify 
the  nature  of  the  intoxication,  does  not  appear  to  do  so.  But  it  must 
be  said  that  this  whole  subject  is  much  in  need  of  thorough  investiga- 

The  deleterious  effects  of  higher  alcohols  have  been  studied  experi- 
mentally only  in  acute  poisoning.  It  is  quite  conceivable  that  their 
late  actions  may  differ  more  markedly  from  those  of  ethyl  alcohol, 
as  they  do,  f.  t.,  in  the  case  of  methyl  alcohol.  Indeed,  it  must  be 
confessed  that  we  know  very  little  about  the  action  of  impure  spirits 
and  wines,  or  about  the  substances  which  are  responsible  for  the 
deleterious  effects. 

Artificial  liquors  are  made  by  the  admixture  of  ethers 
and  essential  oils  to  alcohol.  Their  action  is  not  uniform, 
but  it  is  generally  more  irritating  locally,  and  more  injuri- 
ous to  the  brain. 

Wood  Alcohol.— The  extensive  use  of  this  substance  imelkyl  alco- 
hol) in  the  arts,  and  its  occasional  fraudulent  presence  in  alcoholic 
liquors,  give  it  some  toxicologic  imfiortance.  The  crude  wood  alcohol 
has  a  vei7  repetlant  odor,  but  this  is  practically  absent  in  the  refined 
brands  CCoIumbian  Spirits).  The  acute  toxicity  of  wood  alcohol  is 
less  than  that  of  ethyl  alcohol,  its  action  being  weaker  and  the  stages 
slower.  In  subacute  poisoning,  on  the  contrary,  it  is  more  toxic 
than  grain  alcohol,  and  produces  degenerative  changes  in  the  retina 
leading  to  blindness;  effects  which  are  entirely  absent  in  grain  alcohol. 
It  has  been  shown  that  these  differences  are  due  to  the  decomposition 
products  which  are  formed  in  the  body.  The  methyl  alcohol  is  not 
completely  oxidized,  but  is  retained  for  a  long  time,  being  slowly  ex- 
creted, in  large  part  as  formic  acid.  It  is  to  this,  and  to  the  formal- 
dehyd which  probably  occurs  as  an  intermediate  product,  that  the 
special  toxicity  is  due.  The  effects  of  ordinary  wood  alcohol  are  ex- 
aggerated by  the  impurities  (acetone,  etc)  which  it  contains,  but  its 
toxicity  is  undoubtedly  due  in  the  main  to  its  methyl-alcohol.  It  is 
stated  that  its  consumption  rax^  also  lead  to  a  comatose  condition, 
extending  over  several  days.  The  use  of  methyl  alcohol,  except  for 
burning,  etc.,  in  the  arts,  should  be  absolutely  prohibited  (R.  Hunt, 
1902), 

IV.  ACTION  OF  ALCOHOL  ON  DIGESTION. 
Alcohol  could  be  conceived  as  influencing  the  process  of 
digestion  by  acting  on  the  ferments,  on  secretion,  on  the 
movements  of  the  alimentary  canal,  or  on  absorption.  And. 
in  fact,  it  acts  in  all  of  these  ways.  (All  the  different  alco- 
hols agree  qualitatively  in  their  action  on  these  functions.) 
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(»)  Action  on  Ferments.— Since  alcohol  is  very  readilv  absorbed, 
and  no  great  amount  of  it  reaches  the  intestine,  it  can  only  influence 
the  fennents  of  the  stomach,  and  its  action  on  pepsin  is  alone  of  prac- 
tical interest.  It  is  found  that  in  vilro  —  and  there  is  no  reason  to 
suppose  that  it  acts  any  differently  intra  vitam  —  i%  to  1%  of  alcohol 
increases  the  rapidity  of  peptic  digestion.  Up  to  15%,  it  causes  no 
perceptible  retardation.  13%  to  18%  ;  the  digestion  is  reduced  by  one- 
fourth  to  one-third.  20%:  the  digestion  is  strongly  inhibited  (Chit- 
tenden, Mendel,  and  Jackson,  1898). 

Beers  and  wines  have  a  slightly  more  unfavorable  effect  on  account 
of  the  extractive  matter  contamed  in  them. 

(b>  Effect  upon  Secretion  of  Digestive  JulceK. —  Here  also  saliva 
and  gastric  juice  need  alone  concern  us. 

Satnia:  The  presence  of  alcohol,  strong  or  dilute,  in  the  moulh  in- 
creases the  amount  and  the  solids  of  the  saliva,  just  as  do  many  other 
substances  (acetic  acid,  ether,  etc.).  This  increased  secretion  does 
not  take  place  if  the  alcohol  is  introduced  directly  into  the  stomach 
through  a  fistula. 

Gastric  Juice:  The  amount,  the  acidity,  and  the  solids  are  very 
markedly  increased,  even  when  the  alcohol  does  not  come  into  direct 
contact  with  the  gastric  mucous  membrane,  but  is  introduced  directly 
into  the  intestine.    This  juice  is  strongly  proteolytic. 

(c>  Movements  of  Alimentary  Canal.— These  show  a  quickening. 

(d>  Effect  upon  Absorption.— The  alcohol  itself  is  very  rapidly  ab- 
sorbed: 50  c.  c.  of  a  20%  alcohol  disappear  from  the  stomach  of  a 
dog  in  less  than  half  an  hour;  and  with  the  duodenum  ligated,  200  c.  c. 
of  a  37%  alcohol  are  completely  absorbed  from  the  stomach  in  three 
to  three  and  a  half  hours.  The  absorption  of  other  substances  is  also 
favored  by  it  (Strychnin,  Riemschneider,  1900). 

Alcohol  intended  as  antidote  may  therefore  even  increase 
the  toxicity  of  poisons,  if  both  are  taken  by  the  stomach, 
and  this  is  not  evacuated. 

The  effects  upon  the  digestive  organs  are  all  merely  ex- 
pressions of  its  local  irritant  action:  This  produces,  in  mild 
stages,  increased  vascularity ;  and,  partly  as  a  result  of  this, 
partly  through  a  direct  action  upon  the  cells,  an  increase  of 
secretion,  of  movement,  and  of  absorption. 

To  sum  up,  then,  the  experimental  data  bearing  upon 
the  effects  of  moderate  doses : 

The  action  of  alcohol  on  digestion  is  a  purely  local  one. 
Only  gastric  digestion  need  be  considered,  since  the  alcohol 
does  not  reach  the  intestine. 

Moderate  amounts  tend  to  favor  Ike  process  of  digestion  through 
an  increased  secretion  of  proteolytic  juice,  through  increased  gastric 
movrmenl  and  increased  absorplton.  With  a  percentage  of  alcohol 
above  is.  these- are  counteracted  by  the  lessened  ferment  action  and  by 
a  harmful  grade  of  irritation. 

The  actual  result  will  depend  upon  which  of  these  two  — 
the  beneficial  irritant  or  the  deleterious  anti-ferment  action 
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—  predominates.  Actual  experiments  on  intra  vilam  diges- 
tion are  not  yet  sufficiently  numerous.  But  as  far  as  they 
go,  they  show  that  in  the  dog  the  time  required  for  the 
digestion  of  meat  is  about  the  same  with  and  without  alco- 
hol; and  metabolism  experiments  in  man  also  prove  that  it 
does  not  diminish  the  utilization  of  food. 

Small  amounts  of  weak  alcohol  taken  at  meals  cannot 
therefore,  have  a  bad  effect  upon  digestion,  and  may  even 
act  favorably.  The  alcohol  should  not  be  taken  in  strength 
greater  than  perhaps  20%  :  even  this  would  be  too  strong 
did  it  remain  for  any  length  of  time;  but  it  is  absorbed  so 
rapidly  that  this  strength  would  very  soon  reach  the  favora- 
ble lihiit. 

Large  quantities  of  alcohol,  however, —  and  especially 
when  in  concentrated  form, —  produce  an  irritation  which 
surpasses  the  physiologic  limit  and  interferes  with  the  func- 
tions; and  this  is  seen  most  markedly  in  chronic  cases. 

V.  THE  FATE  OF  ALCOHOL  IN  THE  BODY. 
Alcohol  is  absorbed  very  readily.  Only  a  very  small 
proportion  is  excreted,  mainly  by  the  urine  and  lungs. 
The  balance,  over  98%,  undergoes  complete  combustion 
to  COj  and  H2O.  By  the  chemical  energy  thus  liberated 
alcohol  can  perfectly  replace  carbohydrates  and  fats  in  the 
"  diet,  and  is  a  typical  non-nitrogenous  food.  It  is  even 
superior  to  other  foods  in  one  particular,  viz.,  in  that  it  does 
not  require  digestion.  By  its  poisonous  side-actions,  how- 
ever, it  may  at  first  cause  an  increased  nitrogen  excretion 
in  individuals  not  accustomed  to  its  use;  but  this  action 
disappears  in  a  few  days,  and  it  then  saves  nitrogen  like  any 
other  food. 

The  proportion  of  alcohol  which  is  exereUd  unchanged  depends 
somewhat  on  the  dose,  but  it  probably  never  exceeds  io%.  and  is  gcH' 
erally  less  than  2%.  The  excretion  takes  place  mainly  by  the  kidneys 
and  lungs.  With  large  doses,  a  small  amount  may  be  found  in  the 
milk ;  but  not  with  ordinary  doses.  None  is  excreted  by  the  sweat  or 
feces.  The  excretions  do  not  contain  an  appreciable  amount  of  inter- 
mediate decomposition  products. 

That  aieohol  behaves  in  essential  respects  like  other  foods,  as  far  as 
nutrition  ts  concerned,  is  shown  by  the  following  facts : 

When  added  to  an  ordinary  diet,  the  COi  excretion  and  the  oatpat 
of  heat  is  not  materially  changed.  The  alcohol  therefor  saves  the 
other  constituents  of  the  diet  from  decomposition,  and  the  body  shows 
a  corresponding  gain  in  weight.  If  it  is  added  to  a  diet  deficient  in 
carbohydrates  or  fats,  the  metabolism  is  the  same  as  if  an  isodynaniic 
quantity  of  these  foods  were  added. 
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Whilst  there  can  be  no  doubt  that  alcohol  is  an  excellent 
food,  in  the  sense  of  being  a  source  of  energy,  other  factors 
must  be  taken  into  consideration.  The  increased  nutrition 
may  itself  be  detrimental  to  the  body,  either  by  preventing 
the  complete  combustion  of  metabolites  (which  may  possi- 
bly be  connected  with  the  origin  of  gout),  or  by  leading 
to  an  abnormal  deposition  of  fat.  A  still  more  potent  ob- 
jection to  considering  alcohol  as  a  generally  useful  food 
lies  in  its  toxic  action,  especially  its  psychical  effects.  Alco- 
hol can  therefore  be  employed  as  a  food  only  when  a  suffi- 
cient supply  of  energy  cannot  be  obtained  from  an  ordinary 
diet;  as,  for  instance,  in  digestive  disturbances,  or  when 
the  demands  on  the  organism  are  unusually  large,  as  in 
fever. 

The  proverbial  obesity  of  persons  addicted  to  the  over-use  of  weak 
alcoholic  liquids  (in  which  the  nutrient  effect  is  less  obscured  by  the 
toxic  actions),  is  a  striking  illustration  that  too  good  a  nutrition  is 
not  necessarily  beneficial.  That  alcohol  lessens  the  oxidation  of  metab- 
olites is  shown  by  an  increased  excretion  of  uric  acid  and  ammonia 
nitrogen  at  the  expense  of  urea.  This  points  to  a  modification  of  the 
functions  of  the  liver   (Paton  and  Eason,   1901). 

Excessive  doses  of  alcohol  are  always  detrimental  to  nutrition, 
lessening  both  assimilation  and  disassimilation.  The  elTects  resemble 
those  of  the  anesthetics. 

VI.  THERAPEUTICS  OF  ALCOHOL. 

The  most  frequent  internal  use  of  alcohol  is  that  of  a 
"  stimulant,"  using  the  term  in  its  practical  meaning.  That 
the  nature  of  this  stimulation  is  not  the  same  in  all  cases  is 
sufficiently  indicated  by  the  fact  that  it  is  used  in  three  very 
different  conditions :  in  shock,  in  fever,  and  in  debility. 
The  manner  in  which  the  stimulation  is  brought  about  in 
these  cases  requires  some  further  elucidation  in  order  that 
the  drug  may  be  rationally  employed. 

1.  In  Shook,  especially  traumatic;  Hemorrhage;  Sudden 
Weakening  of  the  Heart;  Snake-bite,  etc. —  The  value  of 
alcohol  in  these  conditions  can  scarcely  be  doubted.  Its 
explanation  is  quite  complex,  since  it  acts  in  a  number  of 
ways: 

(a)  By  producing  a  partial  analgesia.  Its  psychic  effect 
—  the  more  cheerful  and  courageous  condition  of  mind 
which  it  induces  —  is  also  of  value. 

(6)  By  the  depression  of  the  central  nervous  system 
which  it  produces  in  larger  doses.     Depressed  centers  are 
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not  SO  subject  to  shock,  as  is  shown  by  the  (act  that  ex- 
tensive operations  are  much  less  apt  to  produce  this  con- 
dition under  anesthesia. 

(f)  By  a  genuine  reflex  stimulation:  With  the  usual  way 
of  taking  the  spirit,  this  occurs  from  the  mucous  membrane 
of  the  mouth  and  stomach.  The  same  reflex  stimulation 
may  be  obtained  through  the  nose;  spirit  of  ether  is  espe- 
cially useful  in  this  connection ;  and  the  smelling-salts  also 
owe  their  action  in  part  to  alcohol.  A  more  powerful  re- 
flex stimulation  may  be  obtained  by  the  hypodermic  injec- 
tion of  alcohol  or  of  ether,  or  of  spirits  of  camphor  (one  or 
two  syringes).  This  acts  especially  on  the  respiration  (see 
Fig.  82  B).  The  effect  on  the  blood  pressure  is  uncertain 
(Fig.  82  A,  page  430). 

The  stronger  preparations  of  alcohol  are  the  best  for  this 
purpose. 

2.  TjBe  in  Fever,  Chills,  InRammatory  Condtliotis,  etc. — 
Alcohol  acts  here  in  the  following  manner : 

(o)  Through  dilatation  of  the  cutaneous  vessels.  This 
increases  the  loss  of  heat,  removes  blood  from  congested 
internal  organs,  and  lessens  the  resistance  to  the  work  of 
the  heart.  This  temporary  relief  of  the  heart  is  often  all 
that  is  required  to  restore  its  powers,  and  the  pulse  will 
become  more  regular  and  stronger.  The  antipyretic  action 
is  not  very  lasting. 

This  action  on  the  cutaneous  vessels  is  possessed  in  still 
greater  degree  by  Sp.  iEther.  Nitr.,  which  in  so  far  may 
take  the  place  of  alcohol. 

(&)  Through  its  narcotic  action,  counteracting  the  ner- 
vous phenomena  of  fever  and  inducing  quiet  and  rest. 
This  in  turn  diminishes  the  demands  made  upon  the  strength 
of  the  patient, 

(c)  Its  action  as  a  food :  The  metabolism  in  fever  is  very  • 
greatly  increased,  and  the  assimilative  powers  at  the  same 
time  diminished.  Whilst  this  increased  tax  falls  very  large- 
ly upon  the  nitrogenous  part  of  the  body,  the  drain  upon 
the  carbohydrates  and  fats  is  also  very  serious.  And  these 
last  can  be  met  very  largely  by  alcohol,  which  possesses  the 
advantage  over  ordinary  foods  of  very  ready  absorption. 

(d)  The  diuresis  may  be  useful  in  removing  toxins,  etc. 
The  employment  of  alcohol  in  fever  must  still  be  looked 

upon  as  largely  empirical ;  for  it  is  impossible  to  tell  a  priori 
to  what  point  its  depressing  action  on  the  central  nervous 
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system  will  be  useful  and  where  it  will  begin  to  be  detri- 
mental. The  individual  observations  in  each  case  can  alone 
guide  its  employment :  As  long  as  it  improves  the  promi- 
nent symptoms,  the  dose  may  be  increased.  As  soon  as  it 
ceases  to  do  so,  it  should  be  diminished  or  stopped.  It  is 
frequently  astonishing  to  see  the  quantity  which  is  borne 
without  harm  in  fever  and  without  producing  "  intoxica- 
tion." This  must  be  attributed  largely  to  its  more  rapid 
oxidation.  The  amount  given  must,  of  course,  also  be 
governed  by  the  previous  habits  of  the  patient. 

With  regard  to  the  use  of  alcohol  against  ckHls  and  ex- 
posure, it  must  be  reiterated  that  the  time  for  taking  it  is 
after,  not  during,  the  exposure.  If  the  latter  is  done,  the 
temporary  relief  and  feelii^  of  warmth  is  obtained  at  the 
expense  of  an  increased  loss  of  heat,  and  consequently 
diminished  power  of  resistance.  But  if  taken  after  the 
exposure,  the  dilatation  of  the  cutaneous  vessels  favors  the 
absorption  of  external  heat,  and  also  prevents  the  tendency 
to  congestion  of  internal  organs. 

In  all  these  conditions  the  alcohol  is  taken  in  the  form 
of  the  spirits,  diluted  with  at  least  equal  amounts  of  water. 

3.  la  ConvaleBoence  and  Oenenl  Debility, —  The  value  of 
alcohol  in  these  conditions  is  established  by  long  experience. 
Its  action  must  be  quite  complicated.  There  is,  in  fact,  no 
organic  lesion,  and  in  all  such  cases  a  great  deal  may  be 
expected  from  improving  the  symptoms.  This,  like  nursing 
and  hygiene,  increases  the  comfort  and  well-being  of  the 
patient,  and  starts  him  on  the  way  to  improvement.  Alco- 
hol meets  these  indications  in  an  excellent  manner:  The 
feeling  of  well-being  caused  by  it,  the  enjoyment  in  the  act 
of  taking  it,  the  rest  and  sleep  induced  by  its  narcotic  action, 
its  food-value  and  its  beneficial  effects  upon  digestion,  all 
concur  in  its  action.  To  this  may  be  added  its  slight  but 
certain  effects  upon  the  vascular  system, —  the  altered  dis- 
tribution of  blood,  the  diminished  resistance  to  the  heart, 
—  which  may  be  of  benefit  in  some  cases. 

For  these  purposes,  alcohol  is  usually  taken  in  the  form 
of  light  wines. 

4.  The  narootio  and  hypnotic  effects  of  alcohol  are  also 
utilized,  the  former  in  melancholia,  neuralgia,  and  some 
other  obscure  nervous  diseases;  the  latter  in  insomnia. 
Whilst  the  effects  are  undoubtedly  beneficial,  there  exists  a 
very  great  danger  of  inducing  chronic  alcoholism,  especially 
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in  the  first  class  of  cases.  It  must  certainly  be  used  with 
very  great  caution.  The  stronger  spirits  are  best  adapted 
for  obtaining  the  narcotic  effect ;  beer,  for  the  hypnotic. 

5.  Indigeation —  From  what  was  said  on  page  413  it  will 
be  easily  understood  that  it  does  not  act  equally  well  in  all 
cases.  Whilst  the  clinical  interpretation  of  the  various 
forms  of  indigestion  is  not  as  yet  so  perfect  as  to  enable  us 
to  tell  the  pathology  of  those  cases  in  which  alcohol  is  use- 
ful or  not,  it  might  be  expected  to  be  of  benefit  where  there 
is  a  faulty  circulation,  whilst  it  would  be  harmful  where  the 
amount  of  ferment  secreted  is  small  and  not  capable  of  in- 
crease, as  also  in  hyperacidity.  Certain  wines  become  in- 
jurious on  account  of  their  acidity.  The  tannin,  which  is 
present  particularly  In  red  wines,  may  be  detrimental  to 
digestion,  but  valuable  in  diarrhea.  Brandy  is  also  used 
against  diarrhea.  This  probably  rests  upon  the  beneficial 
effects  of  an  increased  circulation. 

Champagne  is  also  used  as  an  antemetic.  Its  action  in 
this  case  depends  upon  the  COj  rather  than  on  the  alcohol. 

6.  The  diuretic  aotioa  of  alcoholic  beverages  (beer  and 
gin)  is  sometimes  utilized.  It  is  claimed,  however,  (A. 
Raphael,  1894),  that  the  diuretic  action  of  a  liter  of  beer 
or  wine  is  the  same  as  that  of  the  same  quantity  of  water, 
and  less  than  that  of  milk.  Larger  quantities  of  alcohol, 
however,  have  a  distinct  diuretic  effect. 

As  contraindications  to  the  internal  use  of  alcohol  may 
be  mentioned : 

The  danger  of  forming  a  habit. 

Gastric  irritation. 

Urethral  disease  or  nephritis. 

7.  The  local  aatioiu  of  alcohol  are  also  frequently  used- 
The  cooling  produced  by  its  evaporation  is  very  grateful  in 
fever,  and  it  is  frequently  used  for  sponging  the  skin.  The 
local  use  of  alcohol  is  of  further  benefit  in  this  condition 
by  preventing  the  development  of  bedsores  through  its  mild 
irritant  action.  The  same  property  determines  its  use  on 
ulcers.  Used  in  a  more  concentrated  form  and  kept  from 
evaporating,  it  acts  as  an  excellent  rubefacient,  and,  in  the 
form  of  tinctures,  it  forms  an  important  ingredient  of  most 
liniments. 

It  is  scarcely  necessary  to  refer  to  the  great  pharmaceutic 
importance  of  alcohol,  depending  upon  its  solvent  powers. 


.dbyCoogle 


ALCOHOL  —  HABITUAL  USE.  419 

It  must  be  remembered  that  it  fonns  an  ingredient  of  very 
many  pharmaceutic  products  —  tinctures,  fluidextracts,  and 
spirits. 

VII.  HABITUAL  USE  OF  ALCOHOL. 

It  may  be  considered  as  proved  —  some  authorities  to  the 
contrary  notwithstanding  —  that  a  certain  amount  of  alco- 
hol {variable  in  individual  cases)  may  be  taken  daily  with- 
out any  demonstrable  permanently  injurious  effect.  But  it 
stands  equally  certain  that  it  is  as  dispensable  to  the  or- 
ganism as  nicotin  or  caffein,  and  that  it  must  be  looked 
upon  purely  as  a  luxury.  The  injury  done  by  such  use  of 
alcohol  lies  alone  in  the  fact  that  it  is  so  apt  to  lead  to  the 
use  of  immoderate  amounts. 

With  such  excessive  use  a  train  of  phenomena  results, 
which  may  be  grouped  together  under  the  name  of  chronic 
alcoholism,  and  which  depend  in  part  upon  the  irritant 
action  of  the  alcohol,  in  part  upon  specific  injury  to  the 
neurons. 

The  first  effects  are  local,  and  depend  largely  upon  the 
concentration  of  the  spirits.  They  consist  of  a  catarrh  of 
the  whole  alimentary  canal,  progressing  from  the  pharynx 
downward.  They  are  characterized  by  the  usual  symp- 
toms of  catarrhal  gastro-enteritis :  loss  of  appetite,  gastric 
distress,  irregularity  of  stools,  longing  for  spices,  etc.  The 
chronic  catarrh  leads  to  malnutrition  and  emaciation  when 
strong  spirits  are  used.  It  also  appears  to  constitute  a  pre- 
disposing factor  to  carcinoma  of  these  organs.  In  the  case 
of  excessive  beer-drinking  the  habitual  overdistention  of  the 
stomach  leads  to  chronic  dilatation. 

The  continued  presence  of  alcohol  in  the  body  sets  up  a 
series  of  irritant  and  degenerative  phenomena  in  various 
other  organs  with  which  it  comes  in  contact.  These 
changes  consist  in  fatty  infiltrations,  cellular  degenerations, 
and  hypertrophy  of  connective  tissue.  The  necrotic  changes 
in  the  tissue  cells  must  be  attributed  to  the  continued  irrita- 
tion from  the  constant  presence  of  the  alcohol;  and  to  this 
must  be  added  the  interference  with  circulation  due  to  the 
changes  which  alcohol  causes  in  the  blood-vessels.  These 
two  —  the  direct  irritant  action  of  alcohol  on  the  cells,  and 
the  impaired  circulation  —  are  inseparably  connected  in  the 
production  of  the  degenerations.  Of  these,  the  fatty  are 
the  most  common,  since  alcohol,  by  its  combustion,  prevents 
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the  normal  consumption  of  fat.  Connective-tissue  forma- 
tion results  as  the  ordinary  consequence  of  necrosis  of  the 
parenchyma. 

These  changes  are  proportional  to  the  concentration  of 
the  alcohol.  And  since  this  is  naturally  greatest  in  the 
liver,  kidneys,  and  blood-vessels,  these  organs  show  the 
action  first  and  most  prominently.  And  in  the  liver,  again, 
the  periphery  of  the  lobules  is  mainly  affected,  on  account 
of  the  anatomic  relation  to  the  portal  vein.' 

Next  in  point  of  time  comes  the  action  on  the  blood- 
vessels. This  is  of  especial  import,  since  it  contributes 
materially  to  the  degenerations  in  other  organs.  The  prin- 
cipal changes  are  in  the  intima;  there  are  fatty  degenera- 
tions, loss  of  elasticity,  and  atheroma.*  These  may  lead  to 
ruptures  (apoplexy,  etc.). 

The  degenerative  changes  in  the  kidneys  lead  to  nephritis, 
with  cirrhosis,  albuminuria,  diminished  secretion  of  urine. 
secondary  weakening  of  the  heart,  etc.  The  heart  itself, 
however,  in  common  with  skeletal  muscle,  shows  primary 
fatty  degeneration.  This,  together  with  the  atheroma,  etc., 
leads  to  hypertrophy  and  dilatation  of  the  viscus,  and  later 
to  dropsies,  etc.  The  fatty  changes  in  voluntary  muscle 
lead  to  muscular  debility,  especially  in  beer-drinkers,  in 
whom  there  is  more  material  for  fat  formation.  Gout  is  a 
common  sequence  of  moderate  alcoholism. 

The  respiratory  organs  show  a  chronic  catarrhal  inflam- 
mation of  the  passages,  and  a  disposition  to  fatal  pneu- 
monia. Changes  in  the  skin  —  vascular  ecchymoses,  acne 
rosacea,  disposition  to  furuncles  and  carbuncles  —  may  be 
counted  amongst  the  earlier  actions. 

These  various  anatomic  lesions  of  important  organs  re- 
sult in  a  pronounced  lowering  of  the  "  powers  of  resist- 
ance." and  a  high  mortality  with  infectious  diseases,  opera- 
tions, etc.  Part  of  this  may  be  due  to  a  lowered  alkalinity 
of  the  tissues  through  the  partial  oxidation  of  alcohol  into 
fatty  acids.  It  appears  also  that  the  amount  of  antitoxic 
complement  is  lessened. 

The  effects  of  chronic  alcoholism  upon  the  central  ner- 
TOTU  lystem  differ  from  the  above  in  that  they  are  partly 
functional.     Too  great  stress  cannot  be  laid  upon  the  im- 

■  II  i>  cUimed  thit  the  dureneraiion  of  Ihe  liver  can  be  avoided  in  uimib 
'A*    a   rejult  of   an  exitniive  •tudy  of   aulopiy   material.   Cabot   (190^)   St- 
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portance  of  habit  and  repeated  impressions  on  the  psychic 
activities.  The  constant  repetition  of  the  features  of  alco- 
holic excess  couid  not  but  produce  in  this  manner  a  perma- 
nent moral  degeneration.  But  associated  with  this  func- 
tional feature  are  marked  organic  changes,  due  to  the  same 
causes  as  similar  changes  in  other  organs;  and,  lastly,  it 
must  be  remembered  that  alcohol  has  a  specific  action  on 
the  nerve-cells. 

Amongst  the  organic  lesions  which  have  been  observed 
are:  Chronic  meningitis  with  thickening;  serous  effusions 
into  ventricles;  softening;  tendency  to  hemorrhages  and 
apoplexy.  Histologically,  shrinkage  and  alterations  in  the 
staining  properties  of  the  cells  (Fig.  80)  and  changes  in 
the  dendritic  processes  have  been  averred. 

Clinically,  the  first  effects  are  shown  by  a  diminished 
activity  of  the  individual.  This  occurs  even  with  very 
moderate  doses.  Later  there  is  a  diminished  acumen  of  the 
special  senses  and  of  the  reasoning  powers,  leading,  the 
former  to  disturbances  of  vision,  the  latter  to  d^eneracy 
and  dementia,  often  suicidal.  It  is  a  noteworthy  fact  that 
by  far  the  greater  proportion  of  inmates  of  insane  asylums 
and  prisons  were  addicted  to  the  excessive  use  of  alcohol. 
In  how  far  alcohol  is  responsible  for  the  population  of  these 
institutions  —  whether  the  abuse  of  alcohol  is  really  the 
cause  of  these  conditions  or  only  another  effect  of  the  under- 
lying disease  —  cannot  be  decided  at  present.' 

On  the  part  of  the  motor  system  there  are  tremors,  and 
later  convulsions  and  paralyses,  the  latter  partly  the  result 
of  peripheral  neu rites. 

The  influence  of  alcoholism  in  the  parent  on  the  offspring 
is  a  question  not  yet  definitely  answered.  It  is  certain  that 
the  nutrition  and  resisting  power  of  the  offspring  are  greatly 
impaired  by  it.  The  mortality  amongst  the  children  of 
alcoholics  is  very  high.  It  is  also  certain  that  psychic  de- 
generacy—  epilepsy,  idiocy,  predisposition  to  crime  and  to 
the  abuse  of  alcohol  —  are  extremely  common  in  them. 
But  it  cannot  be  decided  whether  it  is  the  degeneration  in- 
duced in  the  parent  by  alcohol,  or  the  degeneration  under- 
lying the  abuse  of  alcohol,  that  is  inheriteid.  The  latter  is 
the  mor**  likely, 

'  10  to  30%  of  the  caio  of  inraoily  are  ittTibated  to  the  ibiue  of  alcohol. 
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It  is  claimed  by  Von  Bunge  (1904)  that  chronic  alcoholism  on  the 
part  of  the  father  renders  the  daughter  incapable  of  efficient  lactation, 
and  that  this  incapacity,  as  well  as  a  tendency  to  tuberculosis  and  to 
caries  of  the  teeth  is  transmitted  to  subsequent  generations.  But  if 
this  danger  is  really  as  great  as  it  is  painted,  it  is  difficult  to  account 
for  the  comparative  vigor  of  populations  amongst  whom  chronic  alco- 
holism has  been  fairly  common  for  many  centuries. 

When  alcohol  is  taken  by  the  mother,  it  passes  across  the  placenta 
in  such  amount  as  to  exist  in  the  same  concentration  in  the  blood  of 
the  fetus  as  in  that  of  the  mother. 

Alcohol  is  not  the  only  member  of  the  hydrocarbon  series 
which  has  been  abused  as  an  intoxicant.  Ether,  chloro- 
form, chloral,  and  even  turpentine  and  gasoline  have  their 
devotees.  Their  effects,  in  so  far  as  they  have  been  studied, 
correspond  closely  to  those  of  alcohol. 

VIII.  TREATMENT. 

The  treatment  of  acute  alcoholism  consists  in  evacuation 
of  the  stomach  and  nervous  stimulants,  caffein  or  strychnin. 
The  subsequent  headache  and  nervousness  are  met  by  bro- 
mids.  cafFein  and  acetanilid.  Sodium  bicarbonate  lessens 
the  gastritis. 

Chronic  alcoholism  can  only  be  treated  by  withdrawal  of 
the  drug.  Medication  is  of  use  only  in  meeting  the  symp- 
toms. Irritants  —  especially  capsicum  —  are  useful  in  re- 
placing the  local  action  of  alcohol ;  the  depression  should 
be  met  by  caffein.  the  insomnia  by  broraids.  SuggestitHi 
may  be  very  useful. 

IX,  DELIRIUM  TREMENS. 

A  peculiar  disease,  specifically  characteristic  of  chronic 
alcoholism,  remains  to  be  mentioned,  namely  delirium  tre- 
mens. This  occurs  in  chronic  alcoholics  whenever  their 
forces  are  unusually  weakened  —  by  an  extraordinary  ex- 
cess or  by  the  suppression  of  their  usual  allowance  of  alco- 
hol; by  absence  of  food;  by  exposure  or  overexertion; 
by  an  operation,  etc.  The  symptoms  consist  in  violent 
tremor,  persistent  insomnia,  and  hallucinations  of  a  terrify- 
ing character.  It  usually  runs  its  course  in  a  few  days. 
The  main  indications  of  treatment  are  to  support  the 
strength  of  the  patient  and  to  combat  the  excitement  and 
insomnia  by  hypnotics,  as  bromids,  chloral,  or  opium.  It 
is  not  deemed  advisable  to  withdraw  the  alcohol  entirely 
during  this  condition. 
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Preparation  of  Alcoholic  Liqnids. —  Alcohol  is  a  product  of  the 
alccriiolic  or  vinous  fermentation  of  liquids  containing  certain  sugars 
(especially  dextrose).  This  fermentation  is  produced  by  the  growth  of  the 
^east  plant— Toruia  cerevisia.  These  sugars  exist  preformed  in  the 
juice  of  the  grape  and  in  other  fruits.  Alcoholic  beverages  are  also 
prepared  from  starchy  grains,  etc.,  the  starch  being  first  converted  into 
sugar  by  malting,  etc  The  process  is  described  in  text-books  of 
chemistry. 

It  was  formerly  supposed  that  the  bouquet  of  the  different  sorts  of 
wines,  etc.,  depended  upon  differences  in  the  constituents  of  the  grape- 
juice;  but  it  is  now  known  that  they  are  caused  rather  by  differences 
in  the  yeasts  infesting  these  grapes.  The  inoculation  of  a  barley  infu- 
sion with  a  wine  yeast  gives  to  the  fermented  liquid  the  peculiar  flavor 
of  that  particular  wine   (the  so-called  "  Malton  Wines"). 

As  ordinarily  prepared,  however,  the  character  of  the  fermented 
liquids  depends  upon  their  origin.  When  made  from  barlejr,  they  are 
b«r,  etc.;  from  apples,  cider;  from  grapes,  wine;  from  milk,  kumiss, 
etc 

Most  of  these,  as  well  as  the  distilled  spirits,  undergo  further  chemic 
changes  on  keeping^  resulting  in  the  destruction  of  undesirable  con- 
stituents ("impurities" — fusel  oil,  etc)  and  in  the  development  of 
ethers,  etc.,  imparting  a  finer  Ravor  to  the  liquid. 

The  alcoholic  fermentation  only  progresses  to  a  certain  point; 
beyond  this,  it  is  either  arrested  entirely,  as  soon  as  the  proportion  of 
alcohol  exceeds  a  certain  amount ;  or  it  passes  into  acetic  fermenta- 
tion, with  the  conversion  of  the  alcohol  into  acetic  acid. 
_  When  these  weak  liquids  are  subjected  to  distillation  ("  rectifica- 
tion "),  the  stron^r  "  alcoholic  liguors "  result  These  receive  differ- 
ent names  accordmg  to  their  origin : 

Whisky,  when  distilled  from  fennented  ^rain  (this  rectified  over 
juniper  berries  is  Holland  G'n:  over  turpentme,  Common  Gin):  from 
wine.  Brandy  (Cognac);  from  molasses.  Rum;  from  rice.  Arrack, 
etc. 

Further  redistillations  result  in  the  official  alcohol;  and  by  redis- 
tilling from  some  hygroscopic  substance,  usually  quick-lime,  the  so- 
called  "  Absolute  .Mcohol  "  is  obtained. 

The  strength  of  alcoholic  liquids  is  deduced  from  the  specific  gravity 
after  distillation. 

Wi>»»  ai.-aI.aI..  Specific  Gravity.      Per  Ct,        PbrCt. 

Pure  Alcoboli:  (15.60' C.)  (6o' F.)  Weight.      Volume 

Alcohol  (U.S.P.)  (Spiritus  Rec- 

tificatus,    B.P) 0.816  fU.S.P.)        92.3  949 

0.834  (B.P.)  91.0  9+0 

Alcohol     AbMlutum      (U.S.P., 

B.P.).     Not  more  than  1%  by 

weight  of  water.  Boiling-point, 

784    Q.797  99-0+ 

Alcohol      DilntMm      (U.  S.  P.). 

Made   by   mixing  equal    meas- 
ures of  alcohol  and  water 0.936  41.5  48,9 

Alcohol    (?o%)    (B.P).     Made 

by  mixing  100  vol.   of  alcohol 

(90%)  with  31  vol.  of  water..         0.8900  70.0 

Study  Miteri*  M«dici  Lcnon  31. 
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/*\  i>..M    Ai«.ju.k.  Specific &AVITY.  Volume. 

<A)   Pure   Alcohol.:  (15.60- C)  (60' F.)  P»Ct. 

Alcohol  (60%)  (B.P.).  Made 
by  mixing  100  vol.  of  alcohol 

(90%)  with  53.65  vol.  of  water  0-9I35  feo 

Akokol  (45%)  <B.P.).  Made 
by  mixing  100  vol.  of  alcohol 
(90%)     with     105.34    vol.    of 


0.9436 


Alcohol  (20%)  (B.  P.).  Made 
by  mixing  loO  vol.  of  alcohol 
(90%)  with  355.8  vol.  of  water  0.9760  aoo 

Since  a  condensation  occurs  on  mixing  alcohol  and  water,  the  per* 
centage  of  the  resulting  produce  cannot  be  deduced  f^  the  fomiula 

The  quantities  needed  to  make  the  most  common  dilutions  are  the 
following: 

UsBOMcial  (U.  S.  P.)  Sracmc Gravity. 

To  Make  100 cc  of:    Alcohol:  Watir:  (15.6°  C.)  (60' F.) 

80%  (volume) 85.S  C.C.  16.0  cc.                  08642 

70%    73.5  cc.  29.0  cc.                  0.8903 

60%    63.5  cc  39.0  cc                  0.913s 

50%    535  cc  49-S  cc                  0.9344 

40%    43.0  cc  60.0  cc.                  ai|S20 

30%    31.3  cc  80.1  cc                  0.9759 

(B)  Stronger  Spirits: 

Spiritus  FrumeHti  (U.  S.  P.).—  Whisky.--  By  distillation  of  the  mash 
of  any  fermented  grain  (should  be  at  least  two  vears  old).  Sp.  G. 
0.924  to  0.94s.  Alcoholic  strength,  37  to  47-5%  weight,  44  to  55%  vol. 

Sfiirilus  Vini  Callici  (U,  S,  P.,  B.  ?,).— Brandy  (Cognac).— 'By  dis- 
tillation of  fermented  (frape-juice,  Sp.  G.  =  0.92S  to  0.941%;  alcoholic 
strength,  39  to  47%  weight,  46  to  55%  vol. 

Milium  Sjriiitus  Vini  GalUci  (B.  P.). —  Four  ounces  each  of  brandy 
and  cinnamon  water,  two  yolks  of  eggs,  and  Yi  ounce  of  sugar. 
The  percentage  of  other  stronger  liquors  are : 

VoLUUE.    Weight. 

Rum   50  43 

Gin    48  40 

4S  38 

62  54 

(C>  Weaker  Alcoholic  Liquids: 

The  only  ones  official  are: 

Vinvm  Album  {H.S.V.).-— White  Wine.— \  dry  white  wine,  such 
as  Catawba.    8.5  to  15%  by  volume. 

Vinum  Rubrum  (U.  S.  P.).— Kerf  WinL—Ttry  red  wine  such  as  na- 
tive Claret  or  Burgundy.     8.5  to  15%  by  volume. 

Vinum  Xrrirum  ( B.  P.) . —  Sherry. —  A  pale  wine  containing  not 
less  than  16%  by  volume  of  alcohol. 

Wines  are  made  by  fermenting  the  expressed  juice  (must)  of  the 
grape.  If  this  contains  the  skins  of  dark  grapes,  the  wine  will  be  red ; 
if  made  from  light  grapes,  or  from  the  juice  of  dark  grapes  without 
skins,  it  is  "  white":  i.  e.,  an  amber  color. 

A  wine  which  contains  much  alcohol  (15%  to  ao%)  is  "generous"; 
one  poor  in  alcohol,  "light";  one  containing  much  sugar,  "sweet"; 
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poor    in    sugar,    "dry."    If  it   containa    CO*    it   is    "sparkling" 
tannin,  "rough"  or     astringent";  if  acid  tartrates,  "acidulous, 
last    two    ingredients    will    interfere    with    digestion    if    the    win< 
habitually  used. 


The  most  important  wines  are : 

Sherry    (Vinum    Xericum) :     Dark   amber, 

dry,     little    acidity     {Madeira,     Marsala, 

Tokay,    Malaga,    are    similar,    but    more 

sweet)    

Port     (Vinum     Portense) :     Deep     purple, 

rather  sweet  and  rough 

Claret    (Bordeaux) :    Red,  dry,   with  some 

degree  of  acidity  and  astringency 8toi4         la 

Champagne:     Pale  amber,  sweet,  sparkling.  Stoio         lo 

Hock     and     Moselle:     Pale     amber,     dry, 

slightly  acid   12 

Calmuba:      Amber,    dry,    rather    acid     (or 

sweet)    to  to  12  13 

Unfermented  Crape  Juice   (1.  e.,  must,  preserved  by  heating  c 
antiseptic)  can  scarcely  be  considered  a  medicinal  agent. 


IS  to  19 


Olher  Fcnn«iited  Liquors: 

From  Apple:    Cider,  T 

From  Pear;    Perry,     V$  to  10%   (by  weight). 

From  other  fruits,      J 

Mall  Liquors. —  These  contain  alcohol,  CO1,  sugar,  and  usually  hops. 
The  color  varies  from  pale  amber  to  dark  brown,  the  difference  being 
due  mainly  to  charring  of  the  malt.  Lager  beer  is  made  by  slow 
fermentation  at  a  low  temperature;  porter,  ale,  and  stout  by  rapid 
fennentation  at  a  higher  heat 

Their  alcoholic  strength  is  as  follows ; 

Ale,  Porter,  Stout,  and  Export  Beer 3to6%  \ j^     weiirtit 

Lager  Beer  2  to  3%  j" 

By  fermenting  milk,  a  pleasant  alcoholic  liquid,  "  Kumiss,"  can  be 
obtained,  which  contains  to  3%  of  alcohol. 

Mixed  Spirits. 

It  must  be  remembered  that  all  the  alcoholic  preparations  —  Fluid- 
extracts.  Tinctures,  Spirits,  and  Elixirs  —  whose  dose  contains  more 
than  about  5  c.  c.  of  absolute  alcohol  show  the  action  of  the  latter. 

Some  of  the  pharmaceutic  preparations  which  are  employed  largely 
on  account  of  their  content  of  alcohol  are  the  following: 

Approximate 
Alcohol  Content. 

Elixir  Aromalicum  25% 

Spiritus  Juniperi  Compositus   (a  substitute  for  Hol- 
land Gin)    65% 

Vinum  Ferri  Amarunt 15% 

*Cordiale  Rubi  Fruclus  {Blackberry  Cordial),  N.  P..  33% 
*Elixir  Adjitvans,   'EUxir  Anisi,   and   other   Elixirs, 

N.F,    25% 

'Vinum  Auranlii;  V.  Carnis;  V.  Coca,  etc 16% 

*  Not  afficiil. 
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(C)  THE  CHLOROFORM  AND  ETHER  GROUP. 

I.  HISTORY. 

Attempts  to  induce  anesthesia  during  operations  date  back  to  very 
ancient  times.  The  Egyptians  gave  narcotic  potions  for  the  purpose. 
The  Assyrians  arc  said  to  have  half  strangled  the  children  before  cir- 
cumcision, producing  anesthesia  by  the  aid  of  the  CO9.  The  Chinese 
used  hashish.  All  kinds  of  narcotics  were  given  during  the  middle 
ages."  But  modern  anesthesia  dates  from  the  middle  of  the  nineteenth 
century.  Its  discovery  is  claimed  by  quite  a  number,  but  the  real 
credit  of  introducing  anesthetics  into  practice  belongs,  for  ether,  to 
Jackson  (1841)  and  Morton  (1846);  and  for  chloroform,  lo  Simpson, 
in  1847.  Soon  afterward  laughing  gas  was  introduced,  althot:gh  this 
had  been  suggested  by  Davy  fifty  years  before. 

II.  DETAILS  OF  ACTION. 
The  action  of  this  subgroup  corresponds  very  closely  to 
the  general   action   which   has  been    discussed   on  pages 
401  to  406. 

The  difference  from  alcohol  consists  in  the  greater  rapidity  with  which 
the  successive  stages  may  be  induced.  Of  the  different  members  of  the 
series  which  might  be  used  for  the  production  of  anesthesia,  chloro- 
form and  ether  are  the  most  important,  and  the  following  description 
applies  particularly  to  them. 

The  action  of  the  anesthetics  has  been  divided  into  differ- 
ent stages.  Since  these  are  but  degrees  of  the  same  action, 
it  is  quite  optional  where  the  line  is  drawn,  and  the  same 
stages  will  be  retained  here  that  were  given  in  the  discus- 
sion of  the  general  action :  viz.,  Stimulant,  Narcotic,  Anes- 
thetic, and  Paralytic. 

1.  Stimolant  Stage. —  This  sets  in  with  a  comfortable 
feeling  of  warmth,  spreading  over  the  whole  body,  soon 
associated,  however,  with  a  sensation  of  asphyxia.  The 
local  effects  make  themselves  felt  by  pricking  and  smarting 
of  nose,  throat,  and  conjunctiva.  Consequently  there  is  a 
hypersecretion  of  mucus,  tears,  and  saliva,  and  possibly 
vomiting;  but  the  latter  does  not  usually  occur  until  much 
later,  when  the  patient  has  been  some  time  under  deep 

i  anesthesia  and  this  is  pa'ssing  off.  The  face  at  this  stage  is 
Hushed,  the  pupils  somewliat  enlarged,  the  pulse  accelerated, 
the  respiration  sometvhat  quickened  and  irregular  —  all 
effects  of  the  excitement. 

'  EipKJally  opium  and  drug*  containinE  hyoKin  (such  ■■  MBndr»|[or»  olE- 
email)).     This  fau  bnn  reccntl)'  revived  in  the  Schneiderlin  oieihad  <*ee  Index). 
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8.  The  second  or  natootio  stage  is  ushered  in  by  formi- 
cation. The  special  senses  are  disturbed;  there  are  halluci- 
nations (noises,  etc).  Sensation  of  stiffness  and  want  of 
control  in  the  muscles.  The  patient  loses  his  self-control, 
and  gives  way  to  manifestations  which  vary  with  his  char- 
acter —  loud  talking,  laughing,  singing,  swearing,  etc. 
Then  there  is  struggling,  and  sometimes,  especially  in  hys- 
teric patients,  convulsions.  These  motor  phenomena  are 
ranch  more  violent  than  in  the  case  of  alcohol,  probably  on 
account  of  the  greater  local  irritation  and  also  because  of 
a  certain  amount  of  asphyxia.  They  differ  greatly  in  vio- 
lence in  different  individuals.  The  skin  is  moist  and  warm,  r 
the  face  reddened,  the  pupils  contracted,  the  apex-beat  more 
pronounced.  The  "sensibility  to  pain  is  blunted,  but  notj 
abolished. 

3.  The  third  or  anerthetio  itage  —  the  stage  which  it  is  I 
aimed  to  produce  and  maintain  —  is  characterized  by  com- 1 
plete  paralysis  of  the  brain  and  of  the  motor  reflex  centers.' 
of  the  cord,  and  lowering  of  the  medullary  centers.  Con-i 
sciousness,  sensation,  and  most  reflexes  arc  lost  —  the  cor-) 
neal  reHex  being  among  the  last.  Consequently  the  musc1es| 
are  lax.  The  smooth  muscles  are  not  usually  affected,  but 
there  is  sometimes  a  relaxation  of  the  sphincters.  The 
pidse  is  slow,  full,  and  soft,  due  to  lowered  blood  pressure. 
The  respiration  is  slow  and  shallow,  but  regular.  The  tem- 
perature falls  in  consequence  of  the  lessened  muscular  ac- 
tivity and  increased  heat  loss.  The  face  is  pale  with  chloro- 
form, often  cyanotic  with  ether.  These  symptoms  of- 
medullary  paralysis  do  not  reach  a  dangerous  degree  if  the 
administration  is  carefully  done.  But  with  prolonged  anes- 
thesia the  pulse  tends  to  become  progressively  weaker,  the 
respiration  more  shallow,  and  the  temperature  lower  —  it 
may  fall  as  much  as  5°  C.  This  is  due  to  paralysis  of  the 
function  of  temperature-regulation. 

There  is  some  evidence  that  the  sensory  cells  are  paralyzed  before 
the  motor,  since  at  certain  stages  of  the  action  reflex  paths  which 
have  their  sensory  and  motor  cells  in  different  parts  of  the  cord 
may  be  excited  if  the  motor,  but  not  the  sensory,  cells  are  exposed 
to  the  action  of  the  anesthetic.  But  later  the  motor  cells  alsolose 
their  irritability.  The  excitability  (jf  the  motor  area  of  the  brain  is 
lowered. 
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4.  The  fourth  or  paralytic  stage  is  characterized  by 
progressive  paralysis  of  the  medulla.  This  stage  must  be 
carefully  guarded  against. 

The  respiration  becomes  irregular,  stertorous,  labored, 
and  then  ceases.  The  skin  is  cold  and  pale,  and  covered 
with  the  cold  clammy  sweat  of  the  "  agony."  The  pupils 
are  widely  dilated.  The  pulse  becomes  slow  and  weak,  and 
ceases  normally  after  the  respiration. 

5.  During  the  stage  of  recovery,  after  the  anesthetic  has 
been  removed,  the  patient  again  passes  through  a  stage  of 
excitement,  much  less  violent  than  in  the  second  stage. 
Then  there  is  usually  a  sleep  lasting  for  several  hours. 
Vomiting  is  very  common  during  recovery,  when  the  irrita- 
tion of  the  alimentary  canal  is  no  longer  masked  by  the 
depression  of  the  centers.  Thirst  and  gastritis  persist  for 
some  time. 

6.  Phenomena  Indicating  Oniet  of  Faralytio  Stage. —  Since 
Accidents  in  Anesthesia  are  generally  due  to  the  onset  of 
the  paralytic  stage, —  i.  e.,  to  paralysis  of  the  medullary 
centers, —  it  is  important  to  study  more  in  detail  the  symp- 
toms which  usher  in  this  condition.  It  will  be  profitable 
to  follow  these  from  the  beginning  of  the  anesthesia.  They 
refer  to  the  respiration,  circulation,  and  pupil. 

Respiration. —  This  is  fairly  normal  in  the  first  stage, 
except  in  so  far  as  it  is  interfered  with  by  the  choking  pro- 
duced by  the  local  action.  This  latter,  through  stimulation 
of  the  trigeminal  endings,  may  also  produce  a  short  stop- 
page, but  this  is  never  very  long  (It  does  not  appear  after 
section  of  the  vagi  in  animals).  During  the  second  stage 
the  respiration  is  affected  by  the  struggling,  being  alter- 
nately stopped  and  quickened.  In  the  anesthetic  stage  it  is 
very  slow,  but  regular.  With  the  approach  of  the  fourth 
stage  it  is  first  quickened  as  the  result  of  asphyxia.  The 
danger-sign  is  the  irregularity.  The  death  by  anesthetics 
is  in  most  cases  due  to  asphyxia.  But  this,  except  with  the 
most  ignorant  administration,  is  not  due  primarily  to  a  want 
of  air,  but  to  paralysis  of  the  respiratory  center. 

Circulation, —  The  effect  of  anesthetics  on  the  circulation 
is  complicated,  and  varies  for  the  different  anesthetics,  since 
it  depends  upon  several  factors,  which  vary  quantitatively 
for  the  different  drugs,  and  according  to  circumstances. 

During  the  first  and  second  stages  there  is  generally  a 
quickening  of  the  pulse  and  a  rise  of  blood  pressure  (Fig. 
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81  A),  mainly  from  the  increased  movement,  but  partly 
from  a  slight  depression  of  the  vagus  center.  The  face 
becomes  flushed.  A  considerable  rise  of  pressure  may  oc- 
cur from  incipient  asphyxia  (Fig,  81  5).  In  rare  cases, 
there  may  be  a  temporary  slowing  or  even  stoppage  of  the 
heart,  from  reflex  stimulation  of  the  va^fus  center  through 


Fig.  81.— AccidMts  of  anctthesia;  A.  Reflex  stoppan  of  bcart;  blood  pres- 
nire.  doc-  Ethyl  cfalorid  ia  inhaled  at  a.  The  Kcart  and  rnpiralion  slop 
pRH^itly  (trigeininui'Va^a  reaen).  The;  resume  apontaneoualr  after  two  min- 
Btea.  B.  Direcl  paralysia  of  the  heart,  preceded  by  taphTxial  riae.  Eihyl  cblo- 
nd  inhalation,  blood  preHure,  dag. 

the  trigeminal  endings   (Fig.  81  A).     This  may  be  pre- 
vented by  atropin,  or  by  cocainizing  the  nasal  mucosa. 

In  the  third  stage,  the  pulse  is  rather  soft  and  slow,  but 
r^ular.  The  blood  pressure  is  scarcely  altered,  or  may 
even  show  a  slight  rise,  when  ether  is  employed  (Fig.  82 
C).  Ether  therefore  has  but  little  effect  on  the  vasomotors. 
With  chloroform,  A.  C.  E,  mixture,  and  ethyl  chlorid,  there 
is  a  considerable  fall,  due  to  deoression  of  the  vasomotor 
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stricted  by  chloroform  (Schaefer  and  Scharlieb,  1904). 
On  account  of  the  extensive  vasodilatation,  the  skin  be- 
comes pale  in  chloroform  anesthesia,  but  not  with  ether. 
The  excitability  of  the  vagus  endings  is  depressed.  The 
heart  muscle  is  but  little  affected  at  this  stage,  even  by 
chloroform. 

In  the  fourth  stage,  the  vasomotor  depression  becomes 
pronounced,  even  with  ether.  This  is  due  partly  to  a 
direct  action  on  the  vasomotor  mechanism,  but  is  also  aided 
by  the  asphyxia.  It  is  the  usual  cause  of  death.  The  pulse 
becomes  very  soft  and  irregular  (Fig.  82  D).  At  this  time 
the  cardiac  muscle  is  but  little  affected,  except  indirectly. 
1.  e.,  through  the  asphyxia  and  low  blood  pressure.  Re- 
moval of  the  anesthetic,  artificial  respiration,  and  brisk 
massage  of  the  heart  (t.  e.,  rapid  and  strong  rhythmic  com- 
pression of  the  cardiac  region)  will  usually  cause  prompt 
recovery  (Fig.  82  ZJ).  The  patient  must,  however,  be  care- 
fully watched,  even  when  recovery  seems  complete. 

If  chloroform  is  pushed  very  rapidly,  it  acts  directly  on 
the  cardiac  muscle.  Recovery  Is  then  much  more  difBcult, 
or  even  impossible. 

The  direct  action  on  the  faeart-muacle  has  been  studied  by  per- 
fusion of  the  excised  heart  (Langendorff  method).'  The  effect  is  very 
much  greater  with  chloroform  than  with  ether.  It  occurs  very  promptly 
(within  two  minutes)  and  consists  in  a  lessened  force  of  the  contrac- 
tions, the  rate  being  but  little  aJtered  (Fig.  82  F).  The  auricles  are 
less  affected  than  the  ventricles.  The  effect  is  proportional  to  the  con- 
centration of  the  chloroform,  and  independent  of  Uie  absolute  quantity 
and  of  the  time  of  perfusion.  The  heart  recovers  at  once  when  the 
chloroform  is  removed,  unless  the  concentration  was  excessive  (0.15%), 
in  which  case  fibrillary  contractions  appear  and  recovery  is  impossible. 
Ether  has  much  less  action,  and  alcohol  is  practically  harmless  even 
when  2%  is  present. 

Pupils. —  These  are  dilated  during  the  iirst  and  second 
stages,  as  the  ordinary  result  of  excitement.  During  the 
anesthesia  they  are  strongly  constricted,  due  to  depression 
of  the  dilator  center,  and  to  the  cutting  off  of  afferent  im- 
ptilses,  as  in  sleep.  In  the  fourth  stage,  asphyxial  stimu* 
lation  of  the  center  causes  dilatation.  Dilatation  also  oc- 
curs in  recovery.  The  danger-sign,  therefore,  is  dilatation 
of  the  pupils,  unless  this  accompanies  evidence  that  the  pa- 
tient is  coming  out  of  the  influence, 

>  Sec  «ipeciillr  Sbcrringtoo  ft  Sowton,   Suppl.   British  Medical  Journal,    190], 
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III.  CAUSES  OF  DEATH  UNDER  ANESTHESIA. 

In  the  later  stages  of  the  anesthesia  this  usually  results 
from  medullary  paralysis,  aided  by  direct  paralysis  of  the 
heart  muscle,  and,  as  has  been  pointed  out,  the  respiration 
normally  gives  out  before  the  other  centers  or  the  heart. 
But  it  must  not  be  forgotten  that  the  latter  are  also  weak- 
ened, and  would  eventually  lead  to  death  even  were  the 
respiration  kept  up.  The  respiration  is  simply  the  weakest 
link  in  an  interlocking  chain,  and  when  another  link  is  ab- 
normally weak,  it  may  give  out  first.  In  cases  in  which 
the  heart  is  not  normal,  this  may  and  does  give  out  before 
the  respiration. 

But  in  another  class  of  fata!  cases  especially  with  chloro- 
form, the  course  of  events  may  be  entirely  different : 

Here  the  heart  stops  suddenly,  often  when  only  a  few 
whiffs  of  the  anesthetic  have  been  taken.  This  is  especially 
apt  to  occur  when  the  patient  has  been  struggling  or  hold- 
ing the  breath.  The  chloroform  is  forced  tighter  upon  him, 
and  when  a  respiration  is  taken,  the  vapor  is  inhaled  in 
almost  undiluted  form.  Now,  the  concentration,  and  not 
the  total  quantity,  of  the  anesthetic  constitutes  the  primary 
element  of  danger.  This  concentrated  anesthetic  vapor  may 
produce  sudden  stoppage  of  the  heart  in  two  ways ; 

1.  By  reflex  stimulation  of  the  vagus  through  the  tri- 
geminus endings.  This,  though  very  alarming,  is  not  usu- 
ally dangerous  with  normal  individuals,  for  stimulation  of 
the  vagus  cannot  stop  the  heart  sufficiently  long  to  consti- 
tute an  element  of  danger.  In  fact,  this  is  a  safeguard,  in 
not  allowing  the  concentrated  anesthetic  to  be  carried  to  the 
heart.  But  with  a  weak  heart  and  depressed  circulation 
this  temporary  stoppage  may  turn  the  scale.  This  vagus 
stoppage  does  not  occur  when  the  anesthesia  is  well  ad- 
vanced, since  all  reflexes  are  diminished  at  this  time.  Be- 
sides, anesthesia  causes  a  lowering  of  the  irritability  of  the 
vagus  endings  in  the  heart, 

2.  The  vapor  is  carried  by  the  blood  in  very  concen- 
trated form  to  the  heart,  which  it  paralyzes  through  its  di- 
rect action  on  the  muscle.  This  is  almost  invariably  fatal. 
Concentrated  vapor,  then,  generally  paralyzes  the  heart, 
whilst  diluted  vapor  paralyzes  the  respiration. 
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Another  cause  of  unpleasanl  symptoms  of  an  irritant  character  lies 

JD  the  imfmrities  resulting  not  only  from  imperfect  manufacture,  but 

from  the  decomposition  of  the  pure  product.    This  decomposition  is 

especially    frequent    with    chloroform,    resulting    in    the    formation    of 

Fhosgen  gas  and  of  free  CI  and  HCI,  all  very  irritant. 

4CHCI,  +  3O,  =  4C0a,  +  2H,0  +  2CI. 

Phosgen. 

COCI,  +  H,0  =  CO,  +  2HCI, 

As  ihis  is  greatly  favored  by  exposure  to   light,  chloroform  should  be 

kept  in  small  dark-colored  bottles.    The  addition  of   1%   of  alcohol 

grealljr  retards  this  decomposition,  but  when   chloroform  is   used  with 

artificial  light,  the  combustion  of  its  vapor  necessarily  results  in  these 

products.    It  would,  therefore,  be  advisable  to  use  incandescent  electric 

light,  which,  in  the  case  of  ether,  would  also  obviate  the  danger  of 

ignition. 

Of  course,  many  deaths  during  anesthesia  are  due  to  the 
inexperience  of  the  anesthetizer,  some  possibly  to  impuri- 
ties,' a  few  are  undoubtedly  unavoidable.  But  it  is  incor- 
rect to  attribute  every  death  upon  the  operating  table  to  the 
effects  of  the  anesthetic;  for  patients  died  upon  the  table 
when  anesthetics  were  yet  unknown. 

One  such  case  was  of  considerable  importance  in  the  history  of 
anesthesia.  When  Simpson  was  about  lo  try  chloroform  on  a  patient 
for  the  first  time,  the  orderly  who  was  carrying  the  bottle  fell  and 
spilled  the  chloroform.  No  other  being  obtainable  Simpson  proceeded 
to  the  operation,  which  was  for  hernia,  without  anesthesia.  The  pa- 
lienl  died  with  the  first  cut.  Had  the  chloroform  been  given  in  this 
rase  and  the  same  accident  had  happened,  its  introduction  into  practice 
would  have  suffered  a  long  delay.  Other  similar  cases  are  not  «n- 
cornmon:  A  patient  was  to  be  operated  and  demanded  chloroform. 
His  condition,  however,  was  so  low  that  the  surgeon  feared  lo  grant 
his  wish,  and  to  calm  him  held  a  cloth  xoilhout  chloroform  before  his 
face.  Scarcely  had  the  patient  made  four  inhalations  —  of  air  —  when 
he  was  dead.  In  preanesthetic  days,  the  French  surgeon  Desault  drew 
his  fingernail  over  the  perineum  of  a  patient  to  mark  the  line  of  inci- 
sion, when  the  patient  suddenly  gave  a  cry  and  was  dead.  And  many 
MmiUr  cases  of  sudden  death  from  the  violent  mental  impression 
might  be  mentioned,  besides  deaths  undoubtedly  due  lo  traumatic  shock. 
Even  at  the  present  day  patients  often  exhibit  "psychic  shock"  when 
operated  under  local  anesthesia,  so  that  it  is  a  general  practice  to  pre- 
cede this  by  morphin    (Strassmann,   1898). 

It  is  true  that  the  public  nowadays  has  largely  lost  the  great  fear  for 
gjerations  and  that  anesthetics  lessen  the  danger  of  traumatic  shock, 
nw  neither  is  excluded,  and  thete  is  no  doubt  that  many  deaths  at- 
tnbuted  to  anesthetics  have  their  cause  elsewhere. 

The  autopsy  in  acute  chloroform  or  ether  deaths  shows 
nothing  beyond  the  ordinary  phenomenon  of  death  by 
asphyxia  —  heart  distended,  veins  congested,  etc. 

.'ft  mar  be    doubted    whether    any    fatal    effect    can    be   ascribed    lo    the   im- 
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Idiosyncrasy.— There  can  be  no  doubt  that  the  dangers  of  am 
thesia  vary  in  different  individuals.  These  differences  are  also  k 
in  animals.  The  zone  of  safety  is  especially  small  in  alcoholic  a„ 
hysterical  patients.  The  difficulty  is  mainly  one  of  administraticm. 
struggling  and  irregular  respiration  making  it  impassible  to  dose  ibt 
anesthetic  correctly.  This  may  be  largely  obviated  by  morphin.  Some- 
times a  patient  will  take  one  or  the  other  'anesthetic  more  readily  li 
seems  probable  that  idiosyncrasy  may  exist,  even  when  the  administn- 
tion  is  uniform ;  but  of  tiiis  there  is  no  good  proof.  Mansfeld  (1905) 
claims  that  starved  animals  are  much  more  susceptible  to  chloral,  paril- 
dehyd,  and  morphin,  but  not  to  alcohol,  amylen  h)>drate,  or  urethane. 

In  connection  with  anesthetics  there  is  a  question  of  some  medico- 
legal importance  —  namely,  whether  anesthesia  can  be  produced  dnriof 
sleep.  Such  cases  are  reported,  but  it  must  be  extremely  difficult,  and 
consequently  rare. 

After-Effeoti,  Side-Actions  and  Effects  on  Ketabolism. —  A 
certain  amount  of  gastric  irritation  is  a  constant  phenomf- 
non,  but  rarely  assumes  serious  features.  So  is  an  irritation 
of  the  respiratory  structures,  which  is  further  comphcated 
by  a  lowered  resistance  of  the  lungs,  which,  with  the  in- 
spiration of  saliva  and  buccal  bacteria,  may  give  rise  to 
pneumonia.  Previous  disinfection  of  the  mouth  has  there- 
fore been  recommended.  The  occurrence  of  other  infec- 
tions is  likewise  favored  by  the  temporary  lowering  of  the 
powers  of  resistance.  Evidences  of  an  acute  nephritis  — 
albuminuria  and  glycosuria,  sometimes  casts  —  are  not  un- 
common, but  may  in  some  cases  be  referred  to  asphyxia. 

These  after-effects  are  more  pronounced  in  the  case  of 
ether  than  of  chloroform ;  for  although,  quantity  for  quan- 
tity, chloroform  is  by  far  the  more  irritant  of  the  two.  the 
absolute  amount  of  ether  taken  more  than  balances  this 
difference. 

The  question  whether  ether  or  chloroform  is  more  irri- 
tant to  the  kidney  cannot  be  considered  as  decided. 

Recovery  occurs  most  promptly  and  with  the  least  after- 
efifect  with  nitrous  oxid  and  ethyl  chlorid ;  then  comes  ether, 
and  lastly  chloroform. 


Chloroform  and  chloral  occasion  very  pronounced  changes  in  met«b> 
olism,  shown  especially  in  an  increased  excretion  of  non-urea  nitrogo 
and  of  organic  sulphur  (especially  in  carnivorous  animals) .'  The  glyco- 
gen of  the  liver  is  diminished,  the  sugar  of  the  blood  is  increased,  and 
glycosuria  is  frequently  seen.  These  effects  are  due  specifically  to 
the  chloroform,  and  not  to  the  anesthesia.  The  effects  of  ether  resem- 
ble those  of  alcohol.  Chloroform,  ethyl  chlorid,  and  nitrous  oxid  lower 
the  COi  of  the  blood  and  increase  its  oxygen.  Croton-chloral  ■  and 
chloralose  have  the  opposite  effect.    The  anesthetics  of  this  series  caaa 
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1  the  body:  examination  of  the  blood  shows 
a  polycythemia,  due  to  diminution  of  the  plasma.  The  hemoglobin  is, 
however,  reduced.  Some  corpuscles  are  destroyed  entirely,  others 
lose  only  part  of  their  hemoglobin.  Since  a  diminution  of  hemoglobin 
to  50%  is  dangerous,  it  is  never  safe  to  use  anesthetics  on  patients 
showing  only  60%  of  hemoglobin   (Da  Costa  and  Kalteyer,  IQOi). 

It  is  conceivable  that  this  hemolysis  explains  partly  the  anemia  and 
iciurut  which  are  sometimes  seen ;  but  these  may  also  be  caused  by 
hepatic  changes.  The  liver-cells  show  marked  and  rapid  vacuolization 
after  the  use  of  large  doses  of  members  of  this  series  (particularly 
nrethan,   Sollmann    and    Brown,    igo^). 

Blood  absorbs  considerably  more  chloroform  than  does  salt  solution. 
This  excess  cannot  be  removed  by  a  vacuum. 

The  cells  of  other  organs  of  the  body  also  suffer,  espe- 
cially with  chlorofomi  and  when  the  anesthesia  is  pro- 
longed. 

The  patient  remains  in  a  general  apathetic  condition  and  dies  inside 
of  several  days  with  the  general  phenomena  of  heart  failure.  The 
aniopsy  in  such  cases  reveals  fatty  degeneration  throughout  the  body, 
and  especially  in  the  liver  and  heart.  Recent  researches  tnake  it  appear 
that  these  fatty  degenerations  are  not  the  dangerous  element.  They 
appear  quite  easily,  but  disappear  again  equally  readily.  The  real 
dinger  seems  to  be  in  degenerative  changes  in  the  cardiac  ganglia. 
These  are  cumulative  and  persistent.  They  are  seen  after  chloroform, 
chloral,  morphin,  and  large  doses  of  atropin,  but  not  after  ether.  They 
seem  especially   dangerous   in   the   "status   lymphaticus"    (Strassmann, 

//  ether  is  taken  into  the  stomach,  it  is  rapidly  volatilized  and  dis- 
linds  the  organ,  sometimes  so  much  as  to  interfere  with  respiration ; 
it  nay  even  produce  rupture  of  the  organ.  It  also  causes  considerable 
local  irritation,  and  consequently  a  temporary  leucocjtosis.  Anesthe- 
sia may  be  produced  in  animals  by  the  gastric  administration  of  chlo- 
roform (Grehant,  1905,  see  Index). 

IV.  OTHER  GENERAL  ANESTHETICS. 

The  slow  action  of  ether  and  the  dangers  of  chloroform  have  led 
to  the  trial  of  a  number  of  other  general  anesthetics.  Schneiderlin 
lus  proposed  a  narcosis  by  morphin  and  atropin.  In  laboratories,  a 
ftmeral  anesthesia  is  induced  in  animals  by  iirethane,  chloral,  and 
chloretone.  All  these  methods  have  the  drawback  that  the  degree  of 
ineslhesia  cannot  be  adjusted  to  the  varying  needs  of  the  case.  In- 
halation anesthesia  cannot  be  replaced  by  them. 

Of  the  varying  substitutes  which  have  been  suggested,  nitrous  oxid 
alone  has  thus  &r  firmly  established  its  value.  It  is  discussed  in  the 
following  chapter.  Ethyl  chlorid  is  promising,  but  is  still  in  the  ex- 
perimental stage.  Ethyl  bromid  and  methyl  oxid  have  not  stood  the 
tet  of  continued  use.  Anesthetic  mixtures  are  to  be  condemned.  The 
problem  has  been  partly  solved  by  the  introduction  of  combination 
anesthesia;  1.  e.,  the  preliminary  use  of  a  quickly  acting  anesthetic, 
followed  by  ether. 

Ethyl  Chlorid  (C>H,a)  has  proven  very  useful  for  short  anesthesia, 
IS  in  minor  surgery ;  or  to  precede  the  administration  of  ether  or  chloro- 
form.   When  it  is  admmistered  for  a  short  time  only,  it  seems  quite 
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same  eSects 
s  to  be  even 

Its  main  advantages  consist  in  the  rapidity  with  which  anesthesia 
is  induced;  in  the  consequent  absence  of  struggling,  excitement,  and 
unpleasant  sensation ;  in  the  very  prompt  and  complete  recovery,  with 
a  minimum  of  after-effects.  The  muscular  relaxation  and  abolition  of 
reflexes  are  incomplete,  and  a  little  experience  is  required  to  recog- 
nize the  proper  time  for  operating.  It  has  occasionally  failed  m 
alcoholic  patients. 

It  may  be  administered  by  spraying  it  on  a  chloroform  mask.  This 
method  is  so  wasteful  that  a  special  mask  is  to  be  preferred,  allowing 
its  administration  in  gas  form,  and  restricting  the  admission  of  air. 
It  has  also  been  used  by  pouring  a  small  amount  into  a  closed  mask. 
These  methods  utilize  a  partial  asphyxia ;  they  consume  from  5  to  10 
C.  c.   for   short   operations    (Large,    1906), 

Ethyl  Bromid  (dH.Br)  resembles  the  ethyl  chlorid  in  most  re- 
spects. However,  il  must  not  be  pushed  to  the  disappearance  of 
reflexes,  since  the  respiration  is  paralyzed  abouc  ihe  same  time.  The 
lone  of  safety  is  therefor  very  narrow.  Pain  is  abolished  before  con- 
sciousness, and  the  operation  must  be  made  before  consciousness  is 
entirely  gone.  The  proper  time  for  operating  is  somewhat  difficylt  to 
choose,  and  the  drug  is  very  dangerous  in  unskilled  hands.  With  ex- 
perience, the  danger  seems  to  be  slight.  The  proper  amount  (for 
adults,  8  c.  c. ;  for  children  not  more  than  1  c.  c.  per  year)  is  poured 
on  a  folded  towel  or  cone,  and  administered  to  the  exclusion  of  air, 
until  the  proper  degree  of  anesthesia  is  reached.  It  is  then  removed. 
It  is  only  suitable  tor  short  operations  (tonsilotomy,  etc.).  The  ad- 
ministration requires  20  to  40  seconds ;  the  anesthesia  lasts  about  two 
minutes.     Recovery  occurs  at  once. 

After  a  bottle  has  been  opened,  the  contents  cannot  be  used  again, 
as  they  deteriorate  rapidly.  The  drug  must  not  be  confused  with 
Ethyicn  bromid   (CiH.CIi),  which  is  very  poisonous. 

Bromoform  (CHBri)  is  not  sufficiently  volatile  to  be  of  use  as  an 
anesthetic.    It  is  employed  as  an  antispasmodic  in  whooping  cough. 

Aneathetic  MixturM, —  The  attempts  to  blend  the  actions 
of  anesthetics  by  mixing-  them  have  been  uniformly  unsuc- 
cessful, because  the  ingredients  do  not  volatilize  with  equal 
rapidity.  The  composition  of  the  inspired  anesthetic  is 
therefore  absolutely  uncertain.  As  a  rule,  the  concentra- 
tion of  the  chloroform  increases  during  the  anesthesia. 
These  mixtures  are  therefore  quite  as  dangerous  as  chloro- 
from,  and  should  be  condemned  (Kochmann,  1903). 

A.  C.  E.  Mixtures. —  These  contain  alcohol,  chloroform,  and  ether 
in  various  pro|)ortions.  (The  English  mixture  =^i  ;2  :3;  Billroth's^ 
I  t  3  ;  1.)  Their  effects  correspond  to  those  of  chloroform,  of  uncer- 
tain dilution.     They  lower  the  blood  pressure. 

Other  Atixtnrea. —  Schleich  believes  that  il  would  be  an  advantage 
to  employ  anesthetics  who5e  boiling  point  lies  at  the  temperature  of 
the  body.  For  if  the  boiling  point  is  lower  {e.  g,,  with  ether),  the 
vapor  will  expand,  oppose  a  greater  pressure  to  the  excretion  of  COi 
and  induce  asphyxia.  If,  on  the  other  hand,  the  boiling  point  ties 
above  the  body  temperature,  some  of  the  vapor  will  he  condensed,  the 
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excreted  air  will  contain  less  Ihan  the  inhaled  air.  and  there  will  be 
danger  from  the  dfug  (as  with  chloroform).  This  is  based  on  falla- 
cious a  priori  reasoning:  but  even  were  it  true,  it  may  be  doubted 
whether  the  boiling  point  has  this  great  importance  in  practice,  since 
the  anesthetic  is  not  inhaled  automatically,  but  is  controlled  according 
to  the  symptoms,  Schleich  secured  an  anesthetic  of  the  boiling  point 
of  about  40  C.  by  mixing  ether,  chloroform,  and  petroleum  ether,  the 
last  for  the  purpose  of  lowering  the  boiling  point.  A  mixture  of  ether, 
chloroform,  and  ethyl  chlorid,  boiling  at  40°  C,  has  recently  been 
recommended  under  the  name  of  anesthoi,  with  the  claim  that  it  is  a 
chemic  compound,  and  that  its  composition  does  not  alter  on  evapora- 
tion. The  claim  seems  to  be  unfounded.  Other  mixtures,  contaming 
ethyl   bromid,  etc.,  have  also  found  advocates  (Schleich). 

Combined  Anetthesia. —  To  avoid  the  prolonged  excite- 
ment stage  of  ether,  with  the  disagreeable  sensation  of  suf- 
focation, and  the  dangers  of  struggling  in  atheroma  or 
heart  disease,  it  has  been  customary  in  certain  cases  to  start 
the  anesthesia  with  chloroform,  changing  to  ether  as  soon 
as  the  anesthetic  stage  is  reached.  The  practice  is  objec- 
tionable, on  account  of  the  dangers  of  chloroform  in  the 
first  and  second  stages,  A  notable  advance  was  made  by 
using  the  inhalation  of  nitrous  oxid  (mixed  with  about  2% 
of  oxygen)  for  the  production  of  the  primary  anesthesia. 
This  has  been  entirely  successful,  and  is  used  as  a  routine 
in  some  hospitals.  The  expense  of  the  apparatus  and  gas 
is  the  only  objection.  More  recently,  ethyl  chlorid  has  been 
substituted.  In  either  case,  the  anesthesia  during  prolonged 
administration  is  maintained  with  ether. 

VoUtlle  Narcotics  of  Toxicologilc  Interest.—  Qasolin.—  {Petro- 
leum Bentin.) —  The  more  volatile  products  of  petroleum,  adminis- 
tered in  the  form  of  concentrated  vapor,  cause  purely  paralytic  symp- 
toms in  frogs,  but  in  mammals  th^  seem  to  have  only  a  weak 
anesthetic  action.  If  they  are  inhaled  to  the  exclusion  of  air,  they 
will  cause  an  asphyxial  anesthesia.  Before  this  sets  in  there  are  very 
characteristic  convulsions  (Sollmann,  1904).  The  animal  struggles 
violently,  then  falls  on  its  side  and  claws  the  air  with  all  fours,  as  if 
running.  The  pupils  are  widely  dilated.  Reflexes  absent.  The  spasms 
are  intermittent,  and  between  them  the  dog  is  perfectly  limp,  except 
that  the  toes,  tail,  and  eyelids  continue  to  twitch.  The  respiration  is 
first  stimulated,  then  weakened.  There  is  a  paralysis  of  the  vagus, 
then  a  depression  of  the  cardiac  muscle,  and  later  of  the  vasomotor 
center.    Either  heart  or  respiration  may  stop  first. 

(Beiuol  shows  similar  changes.) 

These  liquids  are  therefore  unsuitable  as  anesthetics,  even  for  ani- 
mals.    Gasolin  is  said  b>  be  used  as  an  inloxicant. 

When  petroleum  is  swallowed,  it  produces  narcotic  effects  similar  to 
those  of  alcohol,  with  strong  gastroenteritis.  It  is  toxic  in  proportion 
to  its  content  of  the  more  volatile  products.  No  fatal  case  has  thus  far 
been  reported.  Coal  oil  applied  to  the  skin  is  a  moderate  irritant,  and 
may  lead  to  dermatitis   (Joseph,   1896). 
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Carbon  DisnlpbM  (€St).— This  very  volatile  fluid  has  a  toxicologic 
importance,  from  its  extensive  use  in  the  arts,  particularly  in  ihe 
rubber  industry  (Stadelmann,  1896). 

Acute  Poisoning  is  quite  rare  and  produces  effects  similar  to  those  ol 
chloroform. 

Chronic  Poisoning  is  the  more  common.  The  symptoms  may  not 
appear  for  several  weeks  and  then  develop  quite  slowly  so  that  several 
stages  may  be  distinguished.  The  effects  have  a  pathological  basis  in 
trriutive  changes  throughont  the  body.  The  symptoms  begin  with  dis- 
turbed sensation  (headache,  formication,  verti^q,  etc.)  and  gastro- 
intestinal catarrh.  In  the  second  sUge  there  is  irritability,  excitement, 
hysterial  manifestations,  etc.,  and  signs  of  marasmus.  The  third  stage 
shows  central  paralytic,  or  epileptic  features,  and  peripheral  neurites. 
Ataxia  has  been  reported.  The  marasmus  is  pronounced.  Degetiera- 
tive  histologic  changes  are  found  in  blood  (hemolysis,  teucocytosis, 
anemia;  no  methemc^lobin  formation),  nerve  cells  and  dendrites,  liver 
(vacuolization),  kidneys,  and  lungs.  Death  does  not  occur  until  very 
late.  (A  more  extensive  description  is  given  on  page  461  of  the  first 
edition.) 

V.  THE  CHOICE  OF  THE  ANESTHETIC. 

For  short  operations  the  preference  should  be  given  to 
local  anesthesia ;  or  where  this  is  not  practicable,  to  nitrous 
oxid  or  ethyl  chlorid.' 

For  prolonged  operations  the  choice  is  practically  re- 
stricted to  ether  and  chloroform.  There  can  be  no  doubt 
of  the  much  greater  safety  of  ether;  the  average  fatality 
with  ether  being  about  i  in  12,000;  that  of  chloroform  i  in 
3,000.  Ether  should  therefore  be  preferred,  unless  it  is 
specifically  contraindicated. 

These  contraindications  to  ether  are  the  following: 

It  is  more  disagreeable  to  take.  The  struggling  contra- 
indicates  the  drug  in  atheroma.  These  objections  are 
largely  met  by  the  combined  methods.  Ether  is  to  be  avoid- 
ed in  all  diseases  of  the  respiratory  organs.  The  relative 
datnage  to  the  kidneys  by  the  two  anesthetics  is  disputed. 
(Both  should  be  avoided  in  advanced  renal  or  cardiac  dis- 
ease, CHiloroform  should  never  be  used  when  the  heart  is 
abnormal,  nor  when  the  operation  is  likely  to  lead  to  much 
hemorrhage.  It  is  preferred,  on  the  other  hand,  in  brain 
surgery.)  Ether  does  not  cause  as  complete  muscular  re- 
laxation, and  chloroform  is  preferred  when  this  is  essen- 
tial. Ether  anesthesia  being  less  lasting,  chloroform  is  pre- 
ferred when  the  inhalation  has  to  be  interrupted;  as,  for 
instance,  in  operations  about  the  mouth.     The  inflamma- 

<A  <)uick  and  short  an<«Ih«ia  can  ilao  be  produced  far  etfacr,  the  M>-cin«d 
•'  OIK  minuic  ineithcsia."  A  leupoonful  is  poDccd  into  the  cone,  and  the 
patient  ii  directed  to  Uke  deep  tnsptratoni.  wliiln  counting.  Tbe  apentiaa  ii 
made   ag   Kon    S9   the   counling   become*   irretnlar.     The   metbod   cannot   campare 
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bjlity  of  ether  forbids  its  use  when  the  cautery  is  to  be  em- 
ployed, and  enjoins  great  caution  when  open  fires  or  Hghts 
are  in  the  room.  The  greater  volatility  of  ether  limits  its 
usefulness  in  hot  climates ;  its  slower  action  and  the  larger 
bulk  which  is  required  also  make  it  less  useful  on  the  battle- 
field. 

Chloroform  is  especially  contraindicated  in  prolonged 
operations,  on  account  of  the  late  degenerations. 

Occasionally,  the  choice  of  the  anesthetic  is  determined  by 
the  idiosyncrasy  of  the  patient. 

VI.  PRACTICAL  RULES  FOR  ANESTHESIA. 

Preparations Before    commencinK   the   administration,   the   patient 

should  be  prepared  by  receiving  a  cathartic  on  the  previous  day.  and 
nothing  but  a  very  light  tneal  for  at  least  two  hours  before  the  anes- 
thesia, to  prevent  the  di^icharge  of  the  contents  of  the  alimentary  canal 
during  the  anesthesia.  He  should  be  carefully  examined  for  cardiac, 
renal,  and  pulmonary  disease.  He  should  then  be  placed  in  such  a 
position  as  to  interfere  to  the  smallest  possible  extent  with  respira- 
tion; the  head  preferably  low.  The  clothing  should  be  loosened  and 
all  foreign  bodies  —  false  teeth,  etc. —  removed  from  the  mouth.  All 
the  instruments,  etc.,  apt  to  be  used  should  be  at  hand  before  the  ad- 
ministration is  started  — bbth  anesthetics,  mask,  hypodermic  widi 
sto^hnin,  brandy,  etc. 

It  is  very  useful  to  administer  a  hypodermic  injection  of  morphin 
(10  mg.^i-i  grain)  and  atropin  or  hyoscin  (0.5  mg.  ^Vi«  grain) 
about  half  an  hour  before  the  anesthetic  is  started. 

The  morphin  lessens  the  apprehension  of  the  patient,  and  the  strug- 
gling and  excitement.  It  renders  the  course  of  the  anesthesia  much 
smoother,  and  reduces  materially  the  quantity  of  anesthetic  whidi  has 
to  be  administered ;  and  thereby,  the  dangers  of  the  after-effects.  The 
atropin  or  hyoscin  reinforce  the  narcotic  action  of  the  morphin  some- 
what; but  they  are  especially  useful  by  preventing  the  hypersecretion 
of  mucus,  and  the  reflex  vagus  stoppage  of  heart  and  respiration. 
This  may  also  be  attained  by  cocainizing  the  nasal  mucosa.  It  must  be 
remembered  that  these  alkaloids  affect  the  pupil,  so  that  this  cannot 
what;  but  they  are  especially  useful  by  preventing  the. hypersecretion 
be  utilized  as  a  danger  signal.  A  small  dose  of  strychnin  is  also  use- 
ful,  if  respiratory  failure  is  to  be  feared. 

To  prevent  the  local  action  of  the  anesthetic  on  the  face,  it  is  well  to 
anoint  the  mouth  and  nose  with  petrolatum.  Care  should  be  taken  to 
have  the  patient  close  his  eyes. 

In  regard  to  the  ad  mini  strati  on  of  the  anestbetic  itself:  This  is 
usually  done  by  inhalation,  since  the  amount  can  be  much  more  readily 
regulated  in  that  manner.  Attention  should  be  directed  to  the  follow- 
ing points : 

The  cottcentration  of  the  vapor.  It  must  be  well  understood  that  the 
immediate  danger  lies  in  the  concentration  of  the  anesthetic  vapor, 
and  not  in  the  actual  amount  employed.  The  absolute  quantity  is 
only  important  in  connection  with  the  after-effects.  With  regard  to 
this  concentration,  experiments  have  shown  that  the  percentage  of 
ether  in  the  respired  air  must  be  3.6  vol.;  of  chloroform,  1,0  to  1.5  vol. 
These  limits  are  quite  safe,  and  such  quantitative  mixtures  have,  in- 
deed, been   given   by   special   apparatus.     Aside   from   the   cumbersome 
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nature  of  Ihe  latter,  an  important  objection  to  such  standard  mixtures 
is  the  slowness  with  which  they  produce  anesthesia.  It  is  certain  that 
much  stronger  mixtures  than  these  may  be  borne  for  a  short  time,  and 
are  quite  safe  in  starting  the  anesthetic.  Nor  have  any  of  these  ap- 
paratus deserved  or  attained  much  popularity.' 

The  fact  is  that  no  mechanical  device  can  replace  the  sense  of  re- 
sponsibility, the  constant  watchfulness,  and  the  quick  reasoning  of  the 
experienced  anesthetizer.  Anesthetization  is  not  a  physical  experiment 
where  the  factors  can  all  be  foreseen,  but  the  condition  of  the 
patient  is  apt  to  vary  from  moment  to  moment,  and  must  be  taken  into 
account.  The  slate  of  the  respiration  must  be  carefully  watched :  if 
the  patient  holds  his  breath,  the  mask  must  be  held  farther  away, 
since  the  next  respiration  will  be  an  especially  deep  one.  When  the 
respiration  becomes  slow  and  shallow,  this  signifies  that  a  sufficient 
amount  has  been  taken,  and  that  the  quantity  may  be  lessened.  The 
object  is  to  give  no  more  than  is  necessary  to  just  keep  the  patient 
anesthetized.  On  the  other  hand,  care  must  be  taken  to  keep  him 
thoroughly  under  the  influence,  for  shock  is  much  more  common  under 
partial  anesthesia.  Since  the  respiration  and  circulation  react  one  upon 
the  other,  so  that  no  change  could  occur  In  the  latter  without  being 
noticed  in  the  former,  and  since  most  accidents  occur  from  stoppage 
of  the  respiration,  it  may  be  sufficient  to  watch  this  alone,  as  is  advised 
by  some.  But  as  it  is  of  the  highest  importance  to  discover  beginning 
failure  of  the  one  or  the  other  at  the  earliest  possible  moment,  the 
anesthetizer  cannot  be  considered  as  doing  his  duty  unless  he  carefully 
observes  both.  The  argument  that  watching  the  circulation  distracts 
the  attention  from  the  respiration  should  not  hold ;  the  anesthetizer 
should  be  able  to  keep  his  attention  t^xed  upon  both,' 

The  fact  that  the  required  concentration  of  ether  is  much  greater 
than  with  chloroform,  leads  to  the  temptation  not  to  admit  sufficient 
air.  This  must  be  carefully  guarded  against,  or  asphyxial  symptoms 
may  result  simply  from  a  deficient  supply  of  oxygen. 

Chloroform  is  given  on  a  cloth,  held  some  little  distance  from  the 
face,  and  best  supported  on  a  frame.  With  either  anesthetic  the  mask 
should  at  first  be  kept  fairly  away  from  the  mouth,  until  some  nar- 
cotic effect  is  obtained,  to  lessen  the  feeling  of  choking  from  the 
concentrated  vapor.  The  patient  should  be  encouraged  to  breathe 
quietly  and  regularly.  Counting  is  a  good  expedient  for  this  purpose. 
With  regard  to  the  chloroform,  this  is  best  dropped  in  a  regular  man- 
ner on  the  cloth.  The  rate  should  under  no  circumstances  exceed  6o 
per  minute,  and  usually  should  not  be  over  12.  After  the  anesthetic 
stage  has  been  induced  6  drops  per  minute  will  usually  sutflce.  This 
will  be  found  belter  than  to  remove  the  tnask  altogether  and  reapply  it 
with  a  larger  dose  when  tl;e  patient  shows  signs  of  recovery. 

Ether  is  usually  administered  on  a  special  mask,  which  admits  only 
a  limited  amount  of  air.  About  a  table.'ipoonful  is  placed  in  the  mask, 
and  repeated  as  needed, 

U  may  also  be  given  by  a  "  drop  method,"  being  dropped  at  the  rate 
of  about  150  per  minute  over  the  entire  surface  of  a  chloroform  inhaler 
with  about  8  layers  of  gauze,  held  an  inch  from  the  face.  This  wastes 
considerable  ether,  but  avoids  largely  the  suffocation,  cyanosis,  and 
struggling  of  the  first  and  second  stage. 

The  quantity  of  anesthetic  which  is  required  for  an  ordinary 
operation  is  very  variable.  Some  40  e,  e.  of  chloroform,  or  150  c.  c.  of 
ether,  by  the  ordinary  method,  or  250  c.  c.  by  the  drop  method,  are 
about  the  smallest  quantities  for  an  hour's  anesthesia. 

The  tongue  may  fall  back  and  interfere  with  respiration,  as  denoted 
'  The  simplest   form  i)  Ihat  proposed  by  A.   V.  Hircourt:  Suppl.   Brit   Med. 
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by  noisy  breathing.  In  this  case  it  will  usually  suffice  to  push  the  jaw 
forward,  but  it  may  be  necessary  to  draw  out  the  tongue.  If  much 
mttcuj  accumulates,  this  should  be  removed  with  a  cloth.  If  vomiting 
occurs,  the  head  should  be  turned  to  the  side. 

If  die  symptoms  of  the  fourth  stage  (p.  428)  should  make  their  ap- 
pearance, or  if  either  heart  or  respiration  should  show  signs  of  failing, 
the  anesthetic  should  at  once  be  withdrawn  and  restorative  tneosures' 
started.  These  consist  in  lowering  the  head  of  the  patient,  in  order  to 
give  the  medullaty  centers  the  benefit  of  any  circulation  still  remain- 
ing. A  few  rhythmic  compressions  of  the  epigastrium  may  be  tried, 
but  if  these  do  not  succeed  quickly,  artificial  respiration  by  any  of  the 
methods  should  be  begun  at  once.  This  prevents  asphyxia  and  elim- 
inates the  poison.  The  cardiac  region  should  also  be  compressed 
strongly  at  the  rate  of  seventy  times  per  minute,  since  this  aids  the 
action  of  the  heart  and  supplies  a  mechanical  stimulus.  A  venesection 
is  sometimes  efficient  in  starting  the  heart,  but  is  always  risky.  Faradi- 
sation of  the  phrenic  nerve  or  of  the  heart  has  also  been  advocated,  but 
appears  to  be  prompted  more  by  the  desire  to  do  something  than  by 
any  rational  view  of  the  object  to  be  accomplished.  Stimulation  of 
the  phrenic,  to  be  sure,  causes  contraction  of  the  diaphragm  and  in- 
spiration, and  if  done  intermittently,  would  take  the  place  of  artificial 
respiration.  But  it  possesses  no  advantage  over  the  latter,  and  besides 
the  fact  that  the  time  required  to  adjust  the  apparatus  might  be  much 
better  utilized,  there  is  apt  to  be  stimulation  of  (he  vagus  —  a  most 
undesirable  feature. 

With  regard  to  faradization  of  the  heart,  there  is  no  more  effectual 
way  known  of  killing  this  organ  than  electric  stimulation  (by  the  pro- 
duction of  delirium  cordis),  and  the  only  reason  why  more  harm  has 
not  been  done  by  this  senseless  procedure  is  that  the  electricity,  as  it 
is  ordinarily  applied,  does  not  penetrate  through  the  chest  walls. 

Of  drugs,  strychnin,  or  caffein,  by  virtue  of  the  stimulation  of  the 
respiratory  and  vasomotor  centers,  are  very  useful  if  given  in  time  — 
I.  e.j  while  they  may  still  be  absorbed.  Injection  of  normal  salt  solu- 
tion may  be  tried. 

The  inhalation  of  oxygen  is  also  very  useful.  This  does  not  decom- 
pose the  chloroform,  but  counteracts  the  asphyxia.  It  has  been  sug- 
gested that  oxygen  be  administered  throughout  the  course  of  the  anes- 
diesla.     This  requires  special   apparatus. 

One  of  the  best  methods  of  resuscitating  animals  is  by  strong  sensory 
stimulation,  as  of  the  sciatic.  Hypodermic  injections  of  elher,  which 
have  been  used  in  man,  might  be  supposed  to  act  in  the  same  manner. 
But  clinical' observers  condemn  their  use,  and  experiments  on  animals 
show  that  the  stimulus  is  too  weak  to  produce  much  effect.  Small 
doses  cause  no  perceptible  change  in  blood  pressure  or  heart  rate, 
whilst  larger  doses  produce  narcosis  with  fall  of  blood  pressure.  The 
respiration,  however,  may  be  materially  improved   (Fig.  82  B). 

The  inhalation  of  ammonia  is  sometimes  remarkably  effective. 

It  is  often  necessary  to  keep  patients  lightly  under  the  influence  of 
an  anesthetic  when  no  skilled  assistant  is  available,  as  in  obstetric 
practice.  Here  a  method  of  Mlf-lnbalBtlon  suggested  by  Bninton  is 
Yen;  useful : 

The  inside  of  a  tumbler  is  covered  with  blotting-paper.  A  few  drops 
of  chloroform  are  poured  on,  and  this  is  given  to  (he  patient,  with 
directions  to  hold  it  an  inch  from  his  mouth  and  inhale.  This  works 
antomatically,  for  as  the  patient  becomes  narcotized  he  naturally  allows 
his  hand  to  drop,  and  so  removes  the  tumbler ;  and  as  soon  as  he 
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becomes  conscious  and  sensitive  to  pain,  he  will  replace  it.  It  would 
not,  of  course,  be  possible  to  induce  deep  anesthesia  in  this  manner. 

Other  Vtea  of  Aneathetics. —  Besides  the  use  of  anesthetics  in  op- 
eration,  they  are  often  used  in   obstetrics,  especial!]^  chloroform.     Not 

complete  anesthesia,  but  merely  a  dulling  of  the  pain,  is  desired  here. 
and  the  dose  should  be  small,  since  larger  quantities  are  apt  to  prolong 
the  labor,  and  may  be  dangerous  to  the  fetus  by  lowering  the  general 
blood  pressure.  Clinicians  insist  that  anesthetics  are  remarkably  well 
borne  during  labor.     This  has  not  been  explained. 

A  light  chloroform  anesthesia  is  also  used  to  dull  the  excitability  of 
the  central  nervous  system,  in  pain  or  insomnia;  and  to  check  convul- 
siont,  as  those  of  strychnin,  tetanus,  or  eclampsia.  It  is  especially 
useful  in  the  onset  of  these  conditions :  when  the  convulsions  are  fully 
developed  it  must  be  used  cautiously,  to  avoid  asphyxia. 

For  the  production  of  the  light  anesthesia,  chloroform  is  preferred 
to  ether,  since  it  can  be  more  easily  regulated,  and  its  effects  are  more 

A  very  deep  degree  of  anesthesia  is  employed  in  reducing  disloca- 
tions, 10  relax  the  tone  of  the  opposing  muscles. 

Besides  the  narcotic  action,  the  local  irritation  of  these  drugs  is  used 
therapeutically  in  the  same  maimer  as  alcohol,  chloroform  being  a 
very  active  rubefacient  and  much  superior  to  ether,  since  the  latter 
evaporates  too  quickly.  The  use  of  chloroform  as  anthelmintic  and  of 
ether  for  freezing  is  discussed  elsewhere  (Chapter  XXX,  F).  Brcmo- 
form  is  giveti  in  whooping-cough. 

VII.  MATERIA  MEDICA. 

Chlorofomium  (U.S.P,,  B.  P.).'— Cfttortt/orm.— Contains  at  least 
99%  CHQi,  made  by  distilling  alcohol  with  chlorinated  lime  and  purify- 
ing the  product.  Sp.  Gr.  1.49.  Soluble  in  200  parts  of  water  and  in 
all  proportions  of  alcohol  or  ether.  Boiling-point,  60°  to  61°  C.  Not 
inflammable.     Dose:  o.I   to   1   c.  c.    (2  to  15  minims)    (0.3  c.  c.  =  S  nii 

u.  s.  p.). 

Preparations: 

Aqua  Chloroformi  (U.  S.  P.,  B.  P.).— A  saturated  solution  In  water. 
(Made  by  agitation.)  Flavoring  and  hypnotic.  Dose:  4  to  15  cc.  (i 
to  4  drachms)   (16  c.C.  =  45.  U.  S.  P.), 

Emulstim  Chloroformi  (U.  S.  P.).— A  4%  emulsion.  Dose:  8  c.c.= 
2  3.  U.S.  P. 

Spiritus  Chloroformi  (U.  S.  P.,  B.  P.).— A  6%  solution.  Dose:  2  to 
4C.C.  C/i  to  I  drachm)   (2  c.  c.  =  30  III.,  U.  S,  P.). 

Littimenlum  Chloroformi. —  30%  with  soap  liniment,  U.S.P.  [S0% 
with  camphor  liniment,  B.  P.]. 

*  Mistura  Chloroformi  ci  Cannabis  Indies  Composita.  N.  F. —  Each 
teaspoonful  contains  as  c.  c.  each  Chloroform  and  Tr.  Cannabis  Indica; 
0.?5  c.  C.  Tr.  Capsicum ;  and  0.01   Gm,   Morphin  Sulphate. 

Tinctura  Chloroformi  el  Morphin<F  Composita  (B.  P.),— 7.5%  chloro- 
form; 1%  of  Morphin  Hydrochlor.,  and  5%  of  Dilute  Hydrocyanic 
Acid  ;  also  Capsicum.  Peppermint,  and  Cannabis  Indica. 

Bromoformuni  (U.  S.  P.).— CHBr,.  A  heavy  liquid,  resembling 
chloroform.  Sparingly  sol.  in  water,  readily  in  ale.  or  ether.  Sp.  Gr. 
2.808.  Boiling-point.  148°  C.  Dose:  o.OS  to  0.4  c.c.  (i  to  S  "l-)  (oa 
c.  c.  =  3  iri.,  U.S.P.)  in  mixtures  of  alcohol  and  glycerin,  or  dripped 
on  sugar,  not  as  emulsion. 

/Ethylis  Chloridum  (U.  S.  T).— Ethyl  CMorid.—  CHJCl.    Prepared 
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by  the  action  of  HQ  on  Lbsolute  alcohol.  Colorless,  extremely  vola- 
tile liquid,  of  sharp,  sweet  taste,  and  peculiar  odor.  Inflammable. 
Sp.  Gr,  o,gi8  at  8°  C,  Boiling-point,  12,5  to  13°  C,  Sparingly  sol.  iii 
water,  readily  in  ale,  or  ether.  Dispensed  in  special  glass  or  metal 
tubes.     Used  for  freezing  and   for  general  anesthesia, 

•  Ethyl  Bromid,  CjHiBr.  General  properties  resemble  the  preced- 
ing. Boiling-point,  38  to  40°  C, ;  Sp,  Gr.  1,45  to  1,47,  Should  be  pro- 
tected from  light  and  heat.     Used  for  short  general  anesthesia. 

'  Cklor-melhyl-menthyl  ether,  used  by  inhalation,  has  been  recom- 
mended again  si  coryza, 

/Ether    {HS-V.).'— Sulphuric  Ether.  Ethyl  OjiU— Contains  96% 

S  weight  of  (CjHi)jO;  made  by  acting  on  alcohol  with  strong  sul- 
uric  acid,  distilling,  and  purifying  the  product.  End-reaction^ 
3C,H,OH  +  H,SO.=  (C,H.),0  +  H.O  +  H,S0..  Sp,  Gr.  0.716  to 
0,717;  boils  at  35.5°  C.  Inflammable.  Soluble  in  10  vol.  of  water,  all 
proportions  of  ale,  etc.    Dose:  1  c.  c  =  15  ni..  U,  S,  P. 

This  is  the  Mther  PuriAcalus  (B,  P.).     ^ther  (B.  P.)  is  a  less  pure 
and  more  watery  Ether. 
Preparations: 

Spiritus  JEtheris  (Vi  Ether,  f5  Alcohol,  U,  S.  P.)  ['/..  Ether,  '/„  Al- 
cohol, B,  P,].— Dojc;  I  to  4  C.C.  (%  to  i  drachm)  (4  c,  c,  =  i  5, 
U,  S.P.), 

Spiritus  Mtheris  Composilus  {U.  S,  P„  B.  P,),—"  Hoffmann's  Ano- 
dyne."—Above  with  2,5%  of  "Ethereal  Oil."    Dose:  same. 

£lker  Acetictts  (U.  S,  P.,  B.  P,).— C.H^CH.O,,  Boiling-point,  72* 
C.  Soluble  in  7  parts  water,  freely  in  ale,  etc.  Dose:  i  c,  c,  —  is  HI,, 
U.  S,  P. 

Acetanum  (XJ.S,  P,),— CH,,CO.CHi,  Boiling-point,  56.5°  C.  Sol- 
vent for  fats,  resins,  rubber,  camphor,  gun-cotton,  etc.  Sp,  Gr.  aTga 
It  is  faintly  hypnotic,  but  causes  so  much  dyspnea  that  it  Is  not  used 
internally   (Albertoni,  1884), 

Bensinum  (U,  S,  P.)  and  Bensinum  PuriHcatum  (U,  S.  P.),— 
Petroleum  Bensin, —  Hydrocarbons,  chiefly  of  the  methane  series 
(CHa,  CH...  etc.).  Sp,  Gr,  0638  to  0,660*  C,  Boiling-point,  45  to 
60°  C.     Insol,  in  water,  sol.  in  6  ale.     Highly  inflammable. 

(D)  GROUP  OF  HYDROCARBON  HYPNOTICS. 

All  the  members  of  the  Hydrocarbon  Group  tend,  in  small  doses,  to 
produce  sleep.  But  many  have  properties  which  prevent  their  being 
used  for  this  purpose.  Thus,  chloroform  and  ether  are  too  irritant  to 
the  stomach  and  later  to  other  organs;  and  being  rapidly  absorbed  and 
excreted,  their  action  is  not  sufficiently  lasting.  Further,  the  preceding 
stimulation  is  not  desirable, 

A  really  desirable  hypnotic  of  this  series  must  combine  the  following 
characters  to  the  highest  degree  attainable  r 

Its  action  must  be  quick  and  lasting.  Very  volatile  substances  are 
therefore  excluded  It  must  produce  the  maximum  hypnotic  action, 
with  the  least  depression  of  the  medullary  centers.  It  must  not  possess 
at)  odor  or  taste  which  would  preclude  its  employment :  and  It  must 
not  irritate  the  stomach.  Preparations  which  are  insoluble  in  water, 
but  which  are  nevertheless  absorbed,  are  valuable  because  they  are 
nearly  tasteless,  and  -because  their  action  is  apt  to  b;  more  lasting, 
A  soluble  compound  which  could  be  used  hypodermically  would  be 
very  useful,  but  has  not  yet  been  invented. 
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A  chemico- physiological  classiAcalioH  of  the  hydrocarbon  narcotics 
is  the  most  satisfactory.    They  may  be  classed  as: 
1.  Chlorin  substitution  products. 
II.  Elhyl  derivatives. 
III.  Aldehydes  and  Ketones. 
None  of  the  products   so  far  invented   satisfy  all   the  demands   for- 
mulated  above.     The  chlorin   compounds   are   the   most   powerful,   but 
also  the  most  toxic.     The  ethyl  derivatives  are  safe,  but  comparatively 
weak.    The  aldehydes  and  ketones  are  inferior  in  every   respect.    A 
choice  must  therefore  be  made  according  to  conditions :    The  ethyl 
derivatives,  especially   Trional,  are  most  generally  useful.    But   if  a 
very  strong  hypnotic  is  necessary,  chloral  or  chloralose  must  be  em- 
ployed, 

I.  CHLORIN  DERIVATIVES. 

These  owe  their  activity  to  the  entrance  of  chlorin  atoms  into  the 
molecule.  The  oldest,  and  stilt  the  most  widely  used,  of  these  com- 
pounds is  chloral  hydrate.  In  the  endeavor  to  obviate  the  undesirable 
features  of  chloral,  various  modifications  have  been  suggested.  It  was 
found,  however,  that  these  acted  only  by  virtue  of  the  regeneration 
of  chloral  within  the  body.  The  comparative  insolubility  of  some  of 
these  compounds  avoids  the  bad  taste  and  the  gastric  irritation,  but 
at  the  same  time  it  reduces  their  hypnotic  power.  They  therefore 
lose  entirely  the  one  desirable  feature  of  chloral  —  its  great  activity; 
and  are  in  every  other  respect  inferior  to  the  less  dangerous  ethyl 
derivatives. 

Chloral  Hydrate. —  This  is  chemically  Irichloraldehyd : 

CH..COH  CCCOH  CCl,.COH.HjD 

=  Ethyl  Aldehyd         =  Chloral.  =  Chloral  Hydrate. 

This  substance  was  discovered  by  Liebig  in   1831   and  introduced  as 
a  hypnotic  by  Liebreich  in  1868.     He  assumed  that  it  was  decomposed 
in  the  organism,  as  it  is  by  the  action  of  alkalies  in  the  test-tube: 
CCLCOH  +  KOH  =  CHCl,  -|-  KCO.H 
Chloral.  Chloroform.  Pol.  Formate, 

This  is  not  the  case,  the  chloral  being  excreted  for  the  most  part  as 
trichlorethyl-glycuronic  acid.  This  latter  reduces  Fehling's  solution, 
which  gave  rise  to  the  erroneous  assertion  that  chloral  causes  glyco- 
suria. A  small  portion  of  the  chloral  is  excreted  unchanged,  whilst  a 
fraction  is  decomposed,  being  excreted  as  chlorids. 

Action. —  This  occurs  along  the  same  lines  as  with  the 
whole  hydrocarbon  series:  degression,  first  of  the  brain, 
then  of  the  spinal  cord,  and  lastly  of  the  medulla;  and. 
finally,  a  direct  action  upon  the  heart  muscle.  The  action 
is  developed  much  more  slowly,  however,  than  with  the 
fluid  members  of  the  series.  With  small  doses  it  is  quite 
possible  to  confine  it  purely  to  the  brain,  resulting  in  a  less- 
ened receptivity,  and  a  lowering  of  the  mental  activity,  and 
in  this  way  producing  sleep — for  the  most  part  indirectly 
by  the  cutting  off  of  afferent  impulses.  This  resembles 
the  natural  sleep  in  every  particular  —  as  in  the  latter,  the 
respiration  and  pulse  are  slowed,  but  not  more  than  with 
normal  sleep. 
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Somewhat  larger  doses  >  cause  a  deeper  sleep,  with  less- 
ening of  the  spinal  reflexes;  and  as  the  dose  is  increased, 
the  depressioti  of  the  medulla  makes  itself  felt  by  slowing 
of  the  respiration  and  fall  of  blood  pressure.  The  vaso- 
motor paralysis  is  so  prominent  that  chloral  is  often  used 
in  the  laboratory  to  secure  paralysis  of  this  center.  The 
pulse  is  also  slowed  through  a  direct  action  on  the  cardiac 
muscle.  The  action  on  the  isolated  heart  is  precisely  as 
with  chloroform :  a  lessened  rate  and  amplitude,  sometimes 
preceded  by  a  short  increase  due  to  direct  irritation.  As 
in  the  case  of  chloroform,  it  is  impossible  to  state  to  what 
extent  the  vasomotor  and  the  cardiac  paralysis  respectively 
are  concerned  in  the  fall  of  blood  pressure.  A  dilatation 
of  the  cutaneous  vessels  is  quite  a  marked  feature  and  may 
lead  to  the  appearance  of  skin  eruptions.  Larger  doses 
always  cause  a  marked  fall  of  temperature  on  account  of 
this  cutaneous  vasodilatation  coupled  with  the  diminished 
production  of  heat  from  lessened  movement  (and  perhaps 
lessened  irritability  of  the  heat-regulating  centers?).  In 
fatal  doses  death  is  ordinarily  caused  by  paralysis  of  the 
respiratory  center,  although  it  may  take  place  by  paralysis 
of  a  weakened  heart,  just  as  in  the  case  of  chloroform. 
On  this  account,  and  because  it  is  apt  to  induce  the  same 
degeneration  of  organs,  it  is  contraindicated  in  the  same 
conditions  as  chloroform  —  degeneration  of  heart  or  ves- 
sels, nephritis,  etc.;  also  in  lowered  activity  of  the  respira- 
tory center. 

The  action  of  chloral  upon  fnelaboHsm  consists  in  an  in- 
creased destruction  of  proteids,  the  waste  products  being 
excreted  in  a  less  completely  oxidized  condition  than  is  the 
case  normally. 

The  local  action  of  chloral  is  so  pronounced  as  to  allow 
of  its  use  as  a  rubefacient.  Its  action  on  the  stomach  is 
consequently  very  prominent,  and  it  must  be  largely  diluted 
with  water  before  administration;  else  it  may  produce  vom- 
iting. In  any  case,  large  doses  are  apt  to  show  after- 
effects, referable  to  a  gastritis. 

Chronic  chloralism  is  a  condition  of  no  great  rarity.  It 
produces  the  same  degenerations,  moral  and  physical,  as 
does  alcohol. 


.dbyGoogle 


446  SERIES   OF   HYDROCARBON    NARCOTICS.     CH.   XIX. 

Chloralum  Hydratum  (U.  S.  P.)  (Chloral  Hydras.  B.P.]  iCMoral).— 
CGtCOH  +  HiO.    Prepared  by   acting  on  alcohol   with  chlorin   and 

Eurifying  the  product.  Colorless  crystals,  freely  soluble  in  water,  alco- 
ol,  and  ether.  Dose:  0,3  to  1.5  Gm.  (maximal  dose,  3  Gm.)  (5  to  25 
grains).     Largely   diluted.     (1    Gm.  =  i5   grs.,   U.  S.  P.) 

Syrupui  Chloral  (B.  P.).— One  drachm^  10  grains  of  chloral.  Dose: 
J^  to  2  drachms. 

'  Chloralum  Camphoratum,  N.  F. —  A  liquid  composed  of  equal  parts 
of  camphor  and  chloral.    For  external  use, 

* Mistura  CMorali  et  Potassii  Bromidi,  N.  F. —  Each  teaspoonful  con- 
tains 1  Gm.  (is  grs.)  each  chloral  and  Pot  Bromid.  and  8  mg.  (ii 
grain)  each  of  Ext.  Cannabis  Indica  and  Ext.  Hyoscyamus. 

* M eta-Chloral. —  A  polymer;  insoluble,  odorless,  and  almost  taste- 
less; hypnotic  power  weak,  short,  and  uncertain.  Dose:  1,5  to  3  Gms. 
(20  to  30  grains). 

Butyl  Chloral  Hydrate  (UP,)  {.Crolon  Chloral  Hydrate).— SaX^Ut 
in  50  parts  of  water,  freely  in  alcohol  or  glycerin.  Hypnotic  action 
powerful,  but  short;  great  gastric  irritation;  claimed  to  be  potent  in 
trigeminal  neuralgia.    Dose:  0.3  to  i  Gm.   (5  to  is  grains). 

*  Chloralimid.—  CCU  —  CH  =  NH  ;  a  very  stable  compound,  insolu- 
ble in  water;  has  not  been  tried  sufficiently.  Dose:  I  to  3  Gm.  (15  to 
45  grains). 

Chloralformamidum  (U.  S.  P.).—  {Chloralamid-)—  Ca..CH(OH)- 
NH.COH.  Colorless,  lustrous  crystals,  sol.  in  18.5  parts  of  water,  1.3 
ale.  Aoueous  or  acid  solutions  quite  stable  at  ordmary  temperature, 
partly  decomposed  at  60°  C.,  or  by  alkalies  into  chloral  hydrate  and 
ammonium  formate.  Feebly  bitter  taste.  Hypnotic  action  weaker  than 
chloral,  but  the  cardiac,  medullai^,  and  local  action  is  also  much 
weaker.  Even  a  10%  solution  is  said  to  be  not  irritant  to  the  eye.  The 
lesser  depressant  effect  on  circulation  and  respiration  is  due  to  the 
stimulant  action  of  the  liberated  formamid  (CHONHt)  (Friedlander, 
1893). 

This  compound  cannot  replace  chloral  as  an  analgesic,  or  in  de- 
lirium :  but  it  is  an  efficient  hypnotic,  and  has  also  been  recommended 
in  seasickness  (combined  with  bromids).  Dose:  0.6  to  4  Gms.  (10  to 
60  grains),  usually  2  Gms.  (i  Gm.=  is  grs.,  U.S.  P.);  in  brandy  or 
elixir. 

'Acetone-Chloroform  (Chloretone,  trichlormethyl  propano)). — 
CCl.C(CHi>,OH.  Colorless  crystals  of  camphoraceous  odor;  sparingly 
soluble  in  water  (125  parts),  readily  in  alcohol.  Best  given  in  capsules 
or  tablets.     Dose:  to  I   Gm.    (15  grains). 

In  the  doses  in  which  it  is  used  it  has  no  action  on  circulation  or 
respiration,  and  is  not  dangerous  in  even  much  larger  doses.  But  its 
effect  is  also  not  so  very  strong.  Really  narcotic  doses  are  even  more 
dangerous  than  chloral. 

Death  results  from  respiratory  paralysis,  with  simultaneous  central 
vasomotor  paralysis  and  cardiac  depression  —  the  latter,  however,  not 
as  pronounced  as  in  the  case  of  chloral.  There  is  also  an  effect  upon 
metabolism,  which  finds  expression  in  a  great  lowering  of  temperature 
and  diminution  of  oxygen  ctKisumption,  and  the  animal  often  shows 
marasmus  when  the  acute  effects  have  passed  off   (Impens,  igoi). 

Chloretone  is  a  valuable  anesthetic  for  laboratory  animals,  as  it  al- 
lows of  long  operations  without  requinng  any  attention.  The  dogs  arc 
given  the  usual  dose  of  morphin  (see  dose  table).  As  soon  as  vomit- 
ing has  occurred,  0,2  Gm.  of  chloretone  per  Kilogram  of  animal,  is 
administered  by  stomach  tube.     The  chloretone  is  previously  dissolved 
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in  the  smallest  possible  amount  of  alcohol.  The  anesthesia  is  com- 
plete in  IS  to  JO  minutes,  and  lasts  several  hours.  The  blood  pressure 
falls  rapidly  in  rabbits,  slowly  in  dogs.  Chloretone  is  inadvisable  when 
It  IS  wished  to  have  the  animal  recover. 

•  Chloralose.—  Fice\y  soluble  in  hot  water.  Do:se:  0.3  to  0.5  Gm. 
(S  to  8  grains).  Best  in  capsules.  A  condensation  product  of  chloral 
and  glucose.  The  opinions  as  to  its  value  vary.  Some  observers 
consider  it  as  strongly  hypnotic  as  chloral  and  devoid  of  the  medullary 
depression.  Others  have  seen  very  toxic  effects,  due  to  the  presence 
of  paracbloralose   (Henriot  and  Richel). 

'Dormiol.—  A  condensation  product  of  chloral  and  amylen  hydrate. 
The  hypnotic  action  is  about  equivalent  to  chloral,  with  less  local  irri- 
tation. Colorless  fluid,  camphoraceous  odor,  not  unpleasant,  pungent 
taste.  Miscible  with  alcohol;  slowly  soluble  in  water.  Doie:  15  c.  c. 
of  the  10%  solution  (^1.5  Gm.)  in  syrup. 

•  Cafftin  chloral  and  •  Chloral  urelhane  have  no  advantage  ov'er 
mixtures  of  the  active  constituents. 

'Hypnd  is  a  compound  of  chloral  and  antipyrin,  and  combines  the 
actions  of  both. 

•  Som»al  is  not  a  chemic  compound,  but  a  mixture  of  chloral,  alco- 
hol, and  urethane. 

111.  ETHYL  DERIVATIVES. 

The  radicle  CjHt  has  strong  hypnotic  properties  when  it  is  combined 
m  soch  a  way  that  it  can  exert  its  action.  This  effect  is  indicated  in 
ethyl  alcohol,  but  this  as  well  as  many  other  ethyl  compounds  are 
axidiied  too  rapidly  to  be  available  as  hypnotics.  The  ethyl  must  be 
protected  from  oxidation ;  this  is  accomplished  in  the  urethane  and 
sulfonal  molecules.  The  hypnotic,  and  especially  the  analgesic,  effects 
of  the  ethyl  compound  is  always  weaker  than  those  of  chloral ;  but 
on  the  other  hand,  ordinary  doses  lack  any  appreciable  action  on  circu- 
lation and  respiration.  Toxic  dotes  cause  collapse,  rapid  cooling,  and 
damage  to  cardiac  muscle. 

£thylii  Carbamas  (U.  S.P.).— <t/re/ftone.)  — CO{OCH.)NH,.  An 
ester  of  carbamic  acid,  obtained  by  the  reaction  of  alcohol  on  urea. 
Colorless,  odorless  crystals,  of  saline  taste.  Sol.  in  1  water.  0.6  ale. 
Dott:  to  4  Cms.  (i3)  (1  Gm.  =  is  gfs.,  U.S.P.).  It  is  a  very  good 
and  harmless  hypnotic,  but  not  very  strong,  and  patients  soon  become 
itnmune  to  it.  It  has  quite  a  decided  diuretic  action.  It  lowers  the  ex- 
cretion of  nitrogen  and  sulphur,  even  in  doses  as  small  as  Yi  Gm., 
whilst  the  phosphorus  is  increased.  Large  doses  cause  in  rabbits  a 
vacuolar  degeneration  of  the  hepatic  epithelium.  It  is  excreted  as 
urea   (Schmiedeberg). 

'Hedonal  ( methyl-propyl-c a rbinol -urethane)  is  more  hypnotic,  but 
also  more  toxic,  and  diuretic,  than  urethane.  White  powder,  almost 
insoluble  in  water,  soluble  in  alcohol.  Dose:  to  2  Gms.,  best  in  pow- 
ders or  capsules   (Hetchelheim,  1900). 

*Vtronal  (diethyl-malonyl-urea)  has  been  highly  recommended.  It 
is  a  white  crystalline  powder,  of  faintly  bitter  taste.  Sol.  in  150  water. 
Dust:  03  to  I  Gm.  (S  to  IS  gfS.),  in  capsule  or  in  hot  milk.  Habit 
has  been  reported   (Krep,  1905). 

Snlfoual,  Trional,  and  Tetronal. — 

fCH,).C(SO..CJI,),=  Sulfonal   (Sulphonmethanum) 

CILC,H..CCSO..C,H.),^-^  *      •  "-■-«-—■■-• ■- 

(CH.).C.(SO,C,H,).= 

'  Nm  official. 

Studr   Hilerii   Mcd[ca  Lcuon  } 
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These  three  resemble  each  other  very  closely  in  their 
action.  Since  Trionai  is  the  more  soluble,  more  quickly 
absorbed,  and  more  active,  it  is  now  preferred. 

They  are  less  dangerous  than  chloral,  but  do  not  act  as 
strongly  on  pain,  and  if  used  for  the  latter,  must  be  sup- 
plemented by  Morphin  (Kast,  1888). 

Their  excretion  seems  to  be  slower  than  their  absorption, 
so  that  there  is  a  tendency  to  a  cumulative  action.  This 
leads  to  gastritis,  renal  disease,  and  ill-understood  changes 
in  the  blood  resulting  in  hematoporphyrinuria.  The  latter 
has  so  far  been  produced  only  in  man  and  in  rabbits.  These 
phenomena  can  be  avoided  by  intermitting  the  administra- 
tion at  times.  The  factor  urea -^  nitrogen  is  lessened. 
The  fate  of  sulfonal  in  the  organism  is  not  known. 

Sulphonal  habit  has  been  reported. 

Quite  a  number  of  fatal  cases  of  acute  sulphonal- poisoning  are  on 
record.  The  prominent  symptoms  were :  Various  forms  of  paralysis, 
often  of  wide  extent  —  rarely  spasms;  various  cutaneous  eruptions; 
gastro-intestlnal  disturbance  and  extreme  constipation;  cardiac  and 
respiratory  weakness  with  a  peculiar  dyspnea ;  somnolence  or  insom- 
nia, frequently  with  mental  disorder.  Hematoporphyrinuria  is  not  al- 
ways seen  in  acute  cases.  The  autopsy  is  generally  negative  (Taylor 
and  Sailer,  1900), 

Sttlphonmelhanitm  (U.  S.  P.)  [Sulfonal.  EL  P.].— Colorless  crystals, 
odorless  and  tasteless.  Sol.  in  3^  water,  47  ale,  15  boiling  water. 
Dote:  to  2  Gm.  (30  grs.)  (1  GttL^is  grs.,  U.  S.  P.),  Best  as  pow- 
ders. 

SulphoHelhylmelkanum  (U.  S.  P.).— (Tn'ona/.) —Colorless,  odorless 
crystals,  bitter  taste.  Sol.  in  195  water,  more  readily  in  boiling  water, 
readily  in  ale.    Dose:  as  the  preceding. 

*Tetronal. —  Properties  and  dose  resemble  the  preceding. 

III.  ALDEHYDES  AND  KETONES. 

These  are  inferior  to  the  other  groups  in  hypnotic  power,  whilst 
their  toxic  and  irritant  properties  are  more  powerful  than  those  of 
the  ethyl  derivatives. 

Paraldehydum  (U.  S.  P..  B- P.),— (CH..CHO).;  soluble  in  8  parts 
of  water,  freely  in  ale.  Especially  objectionable  for  its  very  disagree- 
able taste,  and  for  the  persistent  odor  which  it  gives  to  the  breath. 
Dose:  2  c.c.  =  30  n-   (U.  S.  P.),  in  brandy  (Friedlander.  1893). 

*Ainylene  Hydrate  may  be  mentioned  in  this  place.  It  is  used  as 
a  hypnotic,  and  is  claimed  to  lessen  the  polydipsia  and  polyuria  of 
diabetes  insipidus.  Colorless  fluid ;  soluble  m  8  parts  of  water,  readily 
in  alcohol.  Dose:  i  to  2  Cm.  (15  lo  30  grains),  in  glycerin,  aCH^ 
C,H..C.OH    (Harnack   and    Meyer.    1894). 

It  will  be  useful  to  sum  up  at  this  point  the  principal 
remedies  used  for  the  production  of  sleep.  They  have  re- 
ceived the  name 
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(Synonyms.— SoporiScs,  Somnifacients:  Narcotics,  if  they  produce 
depression  of  the  psychic  sreas  aside  from  their  soporific  effect;  Ano- 
<">""  <""  Analges%ci,  if  ihcy  are  especially  active   in  relieving  pain.) 

The  indication  for  the  use  of  Hypnotics  is  insomnia,  whether  from 
excitement,  pain,  cough,  nervousness,  etc. 

In  the  treatment  of  this  condition  it  must  be  remembered  that  the 
driigs  of  this  class  act  purely  symptomatically ;  that  they  soon  lose 
their  effect;  that  none  of  them  are  entirely  free  from  objection,  be  it 
through  the  tendency  to  the  formation  of  drug-habit,  through  an  irri- 
tant effect,  or  through  the  danger  of  overdosage.  They  should  not, 
therefore,  be  resorted  to  except  in  case  of  necessity.  The  dose  at 
the  beginning  should  be  very  small  —  it  must  be  remembered  that 
in  many  cases  the  action  of  the  hypnotic  itself  need  not  be  very  last- 
ing, for  sleep  once  induced  tends  of  itself  to  continue.  And  this  small 
dosage  presents  the  opportunity  of  enlarging  the  dose  when  the  pa- 
tient becomes  accustomed  to  it.  When  the  hypnotics  need  to  be  con- 
tinued for  a  long  lime,  it  is  well  to  change  frequently  to  a  hypnotic 
of  another  type,  to  return  to  the  first  later.  This  obviates  to  a  great 
extent  the  irritant  effects  and  also  the  difficulty  of  the  patient  becom- 
ing accustomed  to  the  drug. 

It  is  the  duty  of  the  physician  to  inquire  into  the  underlying  con- 
dition; the  removal  of  tnis  frequently  renders  drugs  unnecessary.  If 
it  depend  upon  worVy,  caffein,  late  eating,  late  hours,  or  want  of  exer- 
cise, these  conditions  should  be  removed.  When  it  depends  upon  a 
preconceived  idea  of  the  patient  that  he  cannot  go  to  sleep,  then  a 
harmless  powder  of  any  kind  will  often  have  the  desired  effect. 
Other  cases  are  due  to  a  fairity  circulation:  anemia  of  the  brain  is 
sure  to  induce  sleepiness,  while  congestion  is  apt  to  result  in  insomnia. 
When  the  tone  of  the  blood-vessels  is  impaired,  the  etTcct  of  gravity 
in  lying  down  may  send  an  added  supply  of  blood  to  the  brain,  and 
in  this  manner  produce  wakefulness.  Drugs  like  digitalis  would  be 
ot  the  greatest  benefit  in  such  conditions.  Much  may  be  done  by 
drawing  blood  from  the  brain  by  applying  warmth  to  the  extremities 
and  abdomen. 

The  Hypnotics  may  be  classed,  according  to  their  clinical  action, 
into  the  following  types : 

1.  Alcohol,  including  beer  and  wines:  there  is  a  tendency  to  pre- 
ceding excitement,  but  no  dangerous  depression.    The  hypnotic  action 

2.  Urelhanf,  Hedonal,  Triotial,  Poraldehyd:  These  have  a  com- 
paratively slow  but  lasting  action.  They  are  only  to  a  slight  extent 
analgesic,  and  depress  reflexes  less  than  chloral ;  but  are,  on  the  other 
hand.  less  dangerous;  they  must  be  considered  intermediate  in  strength 
of  action  and  in  danger  between  alcohol  and  chloral. 

3.  Chloral  possesses  a  quick  and  lasting  action.  With  large  doses, 
it  is  markedly  anodyne  and  lowers  reflexes,  but  is  dangerous  on 
account  of  depression  of  medulla.    It  is  apt  to  produce  gastric  irrita- 

Chloraiose  differs  from  chloral  in  heightening  reflexes,  and  it  has 
less  action  on  the  medulla. 

4.  Aromatic  Hypnotics. —  Laclophenin,  acetphenetidin.  The  side- 
actions  limit  their  value  to  febrile  cases. 

5.  Alkaloidal  Narcotics: 

(a)   Morphin  group:     Specifically  against  pain;  heightens  reflexes. 
Useful  in  cough. 
1-^20 
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(6)  Cannabis  Indica:     Preceding  excitement     Uncertain. 

(()  Hyotcin:     Especially  in  psychic  exaltations  and  insanity. 

6.  Mineral. —  Bromids  (especially  of  potash)  :  Supposed  to  act  by 
simple  depression  of  the  activity  of  the  brain-cells.  No  depression  o£ 
medulla.    Weak. 

The  drugs  may  also  be  grouped  according  to  the  form  of  insomnia 
in  which  they  are  especially  indicated,  as  follows : 

(o)   In  pain:     Morphin.     Large  doses  of  chloral  or  Moralose. 

(b)  In  nervousneis  or  excitement  or  increased  reflex  irritability 
(tetanus,  epilepsy) :    Chloral  Trional. 

(c)  In  delirium  or  worry;    Hyotcitt,  chloral,  bromids. 

(d)  In  mild  cases:    Alcohol,  Urelhane. 

When  several  of  these  indications  exist,  much  good  may  be  done  by 
the  combination  of  several  hypnotics. 
Contraindications: 

Morphin  and  chlaralose:     Increased  reflex  irritability. 

Chloral:    Depression  of  medullary  centers.    Tendency  to  vascular. 


E.  HYDROCARBON  ANTISEPTICS  (FORMALDEHYD 
GROUP.) 

The  hydrocarbons  are  antiseptic  and  irritant  by  coagulating  pro- 
toplasm.    This   property   appears    in    various   degrees    in    the  different 

members  of  the  group :  It  is  rather  weak  in  the  alcohols,  ethers,  and 
esters;  it  is  rather  stronger  in  chloroform  and  iodoform.  (This  last 
acts  mainly  by  the  liberation  of  iodin,  and  will  be  considered  in  an- 
other place.)  The  strongest  antiseptic  action  is  possessed  by  the 
aldehyds  (acetaldehyd,  paraldehyd,  formaldehyd,  acrolein). 

The  formaldehyd  is  the  most  important.  It  is  one  of  the 
most  powerful  of  antiseptics,  and  its  usefulness  is  further 
enhanced  by  its  ready  volatilization  and  consequent  pene- 
tration. Its  irritant  properties,  on  the  other  hand,  limit  its 
uses.  The  irritation  can  be  greatly  lessened  by  using  the  for- 
maldehyd in  the  form  of  inactive  and  non-irritant  prepara- 
tions from  which  the  active  aldehyd  is  gradually  liberated. 
The  formaldehyd  has  the  property  of  forming  more  or  less 
stable  condensation  products  with  a  large  list  of  substances, 
such  as  proteids  {c.  g.,  glutol)  ;  carbohydrates  (dextro- 
form,  amyloform);  phenols,  urea:  tannin  (tannoform) ; 
ammonia  (urotropin) ;  and  polymers  (paraform).  The 
urotropin  can  also  form  condensation  products  with  pro- 
teids, etc.  All  these  compounds  may  be  utilized  for  the 
administration  of  formaldehyd.  For  disinfection  outside  of 
the  body,  the  formaldehyd  itself,  in  the  form  of  its  solu- 
tions or  of  the  gas,  deserves  the  preference.  Glutol  is 
especially  useful  as  antiseptic  powder ;  urotropin  as  urinary 
disinfectant;  tannopin  for  intestinal  antisepsis. 
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FomiaMehyd,  HCHO,  is  a  colorless,  irritant  gas,  discovered  by 
von  Hoffmann  in  1868,  and  prepared  by  the  oxidation  of  methyl  alco- 
hol. It  13  freely  soluble  in  water,  and  is  found  on  the  market  in  the 
form  of  a  40%  solution  (Formalin)}  The  solutions  tend  to  become 
inactive  by  the  formation  of  the  insoluble,  polymeric  paraform.  This 
conversion  is  now  prevented  by  chemie  means. 

AntiKptic  Action.— Formal dehyd  in  solution  inhibits  the  growth 
of  bacteria  when  it  is  present  in  the  proportion  of  i  ;  5,000  to  i  :  20,000, 
according  to  the  species.  It  checks  the  growth  in  i  :  30^00;  stronger 
solution  04  to  3yi%,  according  to  the  species  and  the  time  of  ex- 
posure) kill  all  bacteria  and  spores.  The  gas  is  similarly  antiseptic, 
especially  when  it  is  moist.  Formaldehyd  surpasses  most  other  disin- 
fectants in  penetrating  power,  and  does  not  injure  metals  or  fabrics. 
It  is  employed,  for  ditinfeelion  of  roomt,  etc.,  as  the  gas,  prepared  by 
spraying  the  solution,  by  suspending  sheets  saturated  in  the  solution, 
or  best  by  the  volatilisation  of  paraform  (see  below)  ;  for  injfrumenfj 
and  other  arttclti,  it  is  used  as  Yi  to  i^%  solution;  feces  are  deo- 
dorized immediately  by  a  1%  solution;  and  rendered  germ  free  in 
10  minutes.  The  propriety  of  its  internal  use  may  be  doubled  on  ac- 
count of  its  irritant  qualities,  but  it  has  been  employed  for  the  ditin- 
feelion of  hands  (1%)  :  as  a  monlh-wash  and  gargle  (!4%)  ;  in  skin 
diseases  and  hyperidrosis  (2.5%)  ;  for  painting  the  throat  in  diphtheria 
or  lonsililis  (z'/j  to  5%)  ;  and  as  preservative  for  milk  and  other  foods 
and  beverages  (i  ;30,ooo  to  i  =33,000).  The  evaporation  of  a  small 
amount  of  the  solution  in  the  room  has  also  been  recommended  in 
tuberculosis. 

Action  on  TltMies  and  Body-Constltiienti The  vapors  of  for- 
maldehyd cause  a  very  strong  irritation  of  all  mucous  membranes, 
even  when  they  are  very  dilute.  The  susceptibility  to  this  irritation  is 
diminished  by  habituation.  Applied  to  the  unbroken  skin,  it  hardens 
the  epidermis,  renders  it  rough  and  whitish,  and  produces  anestiiesia. 
Repeated  application  of  strong  solutions  leads  to  superficial  necrosis 
of  the  skin  and  nails,  and  to  persistent  eczema  (Galewsky,  1905).  Its 
application  to  broken  surfaces  is  very  painful.  Isolated  tissues  are 
promptly  hardened.  Formaldehyd  is  therefore  used  in  histologic  technic 
in  the  strengths  of  yi  to  10%,  TTiese  effects  are  produced  by  the 
coagulation  of  pToteids.  The  formaldehyd  enters  into  actual  combina- 
vith  the  serum  or  proteids,  casein,  gelatin,  albumoses,   etc.    The 

.      I'hTs" 

as  well  as  the  combined  COHi,  may  be  liberated  in  various  ways,  as 
by  the  action  of  bacteria,  or  by  changing  the  reaction  of  the  solution, 
etc.  The  digestibility  of  fibrin  and  the  coagulability  of  casein  are  di- 
minished. Formaldehyd  also  diminishes  the  activity  of  certain  fer- 
ments, namely,  papain,  trypsin,  ptyalin.  and  amylopsin  :  whilst  pepsin, 
rennin,  and  malt  diastase  are  but  little  altered. 

Formaldehyd  retards  or  prevents  Ihe  coagulation  and  spontaneous 
taking  of  shed  blood,  when  added  in  the  proportion  of  I  1  200  to  400. 
Uric  acid  and  urates  are  dissolved,  or  their  precipitation  is  prevented, 
by  the  forrnation  of  soluble  compounds.  Urea,  on  the  other  hand, 
forms  an  insoluble  compound  with   formaldehyd. 

Effects  on  the  Body  at  Large. —  The  inhalation  of  formaldehyd 
vapors,  even  for  a  long  time,  produces  but  small  effects,  beyond  the 
local  actions,  causing  bronchitis  and  pneumonia.  The  intravenous  in- 
jection of  solutions  in  normal  saline  of  a  strength  of  I  :  5,000  also 

■In  making  folution;  of  a  given  Mrenath,  Ft  is  therefore  neceuarr  to  tattt 
iH  timei  ai  much  of  the  commercial  ■oluiron  as  would  be  required  of  ah'ohite 
formaldehyd.     The  pecceniages  given   in   Ibis  book   refer  always  id  absolmt  COH, 
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ca.us«s  no  immediate  effects,  even  in  man.  This  measure  has  recentlj 
been  recommended  in  septicemia;  favorable  results  were  produced,  but 
these  could  be  duplicated  by  the  injection  of  the  salt-solution  alone. 
It  may  also  be  doubted  wlielber  these  doses,  although  not  immediately 
or  conspicuously  harmful,  were  really  without  deleterious  action.  The 
use  of  dilute  solutions  by  mouth,  in  the  form  of  food-preservative,  is 
also  without  immediate  harmful  results,  but  is  generally  deemed  to 
produce  cumulative  effects,  by  the  irritant  action,  by  the  interference 
with  ferments,'  and  perhaps  also  by  the  formic  acid  into  which  the 
aldehyd  is  oxidized.  Even  the  local  application  may  cause  inflamma- 
tory changes  in  the  liver  and  kidneys  (Fischer,  1905).  Large  doses, 
injected  into  the  blood,  cause  coagulation,  with  the  production  of 
methemoglobin  and  hematin.  The  symptoms  are  those  of  asphyxia. 
The  antidote  to  the  local  action  of  formaldehyd  is  furnished  by  am- 
monia, well  diluted,  or  by  the  ammonium  salts.  These  also  stop  the 
antiseptic  action. 

Fate:     Small  doses  are  destroyed  completely  in  the  body. 

Liquor  FormaMehydi  (U.  S.  P.).— Forma/i»t,  Methana).  Not  less 
than  37%  of  H.COH  (an  oxidation  product  of  methyl  alcohol).  Color- 
less liquid  of  pungent  odor  and  caustic  taste.  Misc.  with  water  or 
alcohol.  To  prepare  a  solution  of  1%  absolute,  add  a  tablespoon  of 
the  liquor  to  a  liter  or  quart  of  water. 

•Parnfonn  (Trioxymethylen,  Triformo!).— (H.COH),.  — This 
polymer  occurs  as  a  white,  practically  insoluble  powder,  often  com- 
pressed into  tablets.  It  sublimes  slowly  at  100°  C.  and  melts  at  i?l" 
C,  Heated  under  proper  conditions,  it  is  decomposed  into  formal- 
dehyd and  is  used  for  the  disinfection  of  rooms.  Two  Gms.  of  paraform 
are  required  per  cubic  meter  (35  cubic  feet  of  space).  Formaldehyd 
Is  also  slowly  liberated  at  body  temperature :  paraform  is  therefor 
useful  as  an  intestinal  antiseptic  (0.0s  to  0.1  Cm,  every  2  hours,  for 
children)..  It  is  more  powerful  than  beta-naphthol,  but  its  irritant 
action  renders  it  objectionable.     Larger  Ac         '-.-'->  .t 

tic,   small    doses    are    rather    constipating, 
poisoning  even  in  large  doses, 

'  Olutol,— This  is  an  odorless,  non-irr 
combination  of  formaldehyd  wi:h  gelat 
under  the  action  of  living  tissues.  The  product  is  recommended  as 
a  dusting-powder  for  open  wounds,  on  which  it  forms  a  firm,  anti- 
seolie  scab. 

Hexomethlenamina  (U.  S.  P.).— (t,'ro(ro^m,Hexamethylentetramin, 
Formin,  Aminoform.)  —  (CH;),N,.  Obtained  by  the  action  of  am- 
monia on  formaldehyd.  Colorless,  odorless  crystals,  of  sweetish 
taste,  with  bitter  after-taste.  Sol.  in  1.5  water,  10  ale.  This  com- 
pound is  itself  practically  inactive,  but  if  the  urine  is  acid  (not  if  it  is 
alkaline)  it  is  partly  chanted  into  formaldehyd  in  the  course  of  its 
excretion.  This  excretion  begins  in  a  short  time  and  may  last  several 
days.  The  urine  therefor  becomes  antiseptic,  and  uric  acid  and  urates 
are  brought  into  solution.  The  drug  is  therefore  used  in  cystitis,  goul, 
urate  stone,  etc.,  and  as  a  diuretic.  The  urate-solvent  action  is  inferior 
to  that  of  piperazin.  The  urinary  antisepsis,  on  the  other  hand,  is  very 
valuable.  The  use  of  large  or  long-continued  doses  tends  to  nephritis, 
but  this  result  is  unusual.      The  ordinary  dose  is  0.2  to  I  Gm.  (3  to  15 

'Price  (1004)  haa  ihown  that  tht  proportion  whiili  prtwrvn  milk,  iiioooo, 
doc*  noi  impede  digeBtion  in  viiro.  bui  the  objeciions  lo  the  inlernal  luc  of  formal- 
dehifd  are  not  removed  ^  this  ""^.^^'igl^ij  observed  (see  Medical  New  New 
Yorlij  Aug.  a^th,   1903). 

St'iidy  "Maietia   Medica   Lesson   34- 
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grains),  a  or  3  times  a  day,  in  a  tumbler  of  water,  after  meals  (0.25 
Gm.  =  4  grs.,   U.S.  P.)    (Nicolaier,    1899). 

•  Citarin  (Anhydromethylencitrate  of  Sodium). —  A  white  crystal- 
line powder  of  agreeable,  slightly  acidulous  taste ;  readily  soluble  in 
water,  almost  insoluble  in  ale.  Liberates  COHi  in  the  blood.  Recom- 
mended in  gout  and  uric  acid  diathesis.     Dose:   1   Gm.   (15  grains). 

•  Helmilot  (Urotropin -anhydromethylencitrate) . —  Fine  colorless  crys- 
tals, slightly  soluble  in  water,  decomposed  by  alkalies,  and  slowly  by 
dilute  acids,  with  liberation  of  COH,.  Used  in  the  same  conditions  as 
urotropin.     Dole:   i  Gm.   (15  grains), 

•  Tannopin  (Tannon)  is  a  compound  containing  87%  tannin  and 
13%  of  urotropin.  It  is  a  brownish,  tasteless  powder,  insoluble  in 
water  or  dilute  acids.  In  the  intestine  it  is  slowly  decomposed,  so 
that  the  antiseptic  action  of  the  urotropin  and  the  astringent  e^ect  of 
the  tannin  is  developed  in  the  intestine,  with  a  minimum  of  irritation. 
Dose:  o.s  to  1  Gm.  (8  to  15  grains). 

■  Tannoform  is  an  analogous  compound  of  tannin  and  formaldehyd, 
with  similar  properties,  but  more  irritant.  It  is  used  externally  against 
excessive  sweating,  in  the  form  of  dusting- powder  (with  i  to  3  parts 
of  starch  or  talcum)  or  as  a  i™     '"    -  -  '-     


CHAPTER  XX. 
GASES. 


General  Bemarks  on  tlte  Action  of  Oases —  The  respiration 
of  oxygen  is  essential  to  life.  A  deficient  supply  of  this 
gas  leads  to  the  phenomena  of  asphyxia.  A  number  of 
gases  (N.H.CH^)  act  merely  by  excluding  oxygen  me- 
chanically. This  also  forms  an  important  element  in  the 
action  of  nitrous  oxid,  as  ordinarily  used.  Carbon  monoxid 
also  acts  by  excluding  oxygen,  but  it  does  so  chemically. 
Other  gases  have  specific,  direct  actions,  especially  on  the 
central  nervous  system.  Oxygen  itself,  when  at  a  pressure 
of  several  atmospheres,  is  toxic.  Carbonic  acid  and  nitrous 
oxid  produce  their  peculiar  actions  at  lower  pressures,  but 
the  air  must  contain  considerable  proportions.  Sulphur- 
etted and  arseniuretted  hydrogen  are  toxic  in  very  small 
proportions.  TTie  gaseous  acids  (sulphurous,  nitrous, 
etc.),  alkalies  (ammonia)  and  halogens  (bromin  and  chlo- 
rid)  act  mainly  as  local  irritants.  Compressed  air  acts 
mechanically. 

The  effects  of  gases  appear  very  promptly  after  beginning  the  in- 
halation, and  disappear  as  rapidly  when  tbe  animal  is  made  to  respire 
pure  air.  This  is  due  to  the  large  surface  and  large  quantity  of  blood 
exposed  to  them  in  the  lungs.    As  these  factors  are  relatively  greater 
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in  small  mammals,  these  succumb  and  reoiver  very  much  more  rapidly 
than  man,  and  may  indeed  be  used  as  a  test  of  the  safety  of  a  sus- 
pected air.  Whilst  the  recovery  from  the  direct  effects  of  gases  is 
rapid,  indirect  after-effects  may  be  very  persistent. 

The  quantitative  effect  of  gates  defends  on  their  partial  pressure  in 
the  air.  At  ordinary  barometric  pressure,  this  is  equal  to  the  volume- 
percentage  of  the  gas.  But  it  is  important  to  remember  that  the  effect 
of  the  normal  percentage  of  oxygen  at  half  an  atmosphere  pressure  is 
the  same  as  that  of  half  the  percentage  at  ordinary  pressure ;  and  con- 
versely, that  one  per  cent  of  a  gas  at  three  atmospheres  produces  the 
same  effect  as  three  per  cent  at  one  atmosphere. 

The  symptoms  produced  hy  most  toxic  gases  resemble  those  of 
asphyxia,  and  this  whether  the  effect  is  truly  asphyxial  (i.  e..  produced 
by  the  absence  of  oxygen) ;  or  whether  the  gas  has  a  specific  toxicity. 
They  are  closely  related  to  those  of  anesthetics. 

A:  OXYGEN. 
The  Inhalation  of  Pure  Oxygen. —  Oxygen  constitutes 
about  one-fifth  (20.94% ) ,  by  volume,  of  ordinary  air. 
An  increase  of  this  proportion,  and  even  the  inhalaiion  of 
uvdiluted  oxygen,  produces  no  noticeable  effect  under  ordi- 
nary conditions.  The  rate  of  oxidation  is  not  at  all  in- 
creased ;  indeed,  the  output  of  COj  is  rather  lessened.  Evi- 
dently, the  proportion  of  oxygen  in  air  suffices  for  all  ordi- 
nary needs  (or,  rather,  it  is  greater  than  necessary);  and 
additional  oxygen  acts  merely  as  an  indifferent  gas  —  as  so 
much  nitrogen  or  hydr(^en. 

This  statement  needs  some  qualification.  The  reputed  benefits  from 
the  inhalation  of  oxygen  in  fatly  degeneration  and  some  other  obscure 
diseases  (if  the  reports  are  reliable)  would  point  to  some  effect  on 
metabolism,  perhaps  too  small  to  be  detected  hy  the  usual  methods  of 
observation.  The  out-door  Irealmept  of  tuberculosis  may  come  under 
the  same  heading.  Oxygen  under  excessive  prcssnres  (above  1.7 
atmospheres)  produces  pneumonia;  pressures  above  3  or  4  atm.  cause 
violent  convulsions  and  ultimately  death.  These  effects  are  not  due  to 
pressure  as  such,  for  they  are  not  produced  by  compressed  air  until  the 
partial   pressure   of  oxygen   reaches   the   above   figures. 

Caisson  Disease  occurs  on  the  removal  of  an  excessive  pressure  of 
air,  i,  e.,  after  coming  out  of  the  air-lock.  On  breathing  compressed 
air,  the  nitrogen  and  oxygen  are  absorbed  in  the  serum  in  proportion 
to  their  pressure.  The  oxygen  is  rapidly  used  in  the  tissues,  but  the 
nitrogen  remains  in  solution.  If  the  pressure  is'  suddenly  removed,  the 
nitrogen  is  converted  into  gas,  within  the  vessels,  and  produces  em- 
bolism. The  ,  bubbles  may  be  readily  demonstrated.  This  may  occur 
in  various  situations,  producing  a  great  variety  of  symptoms.  These 
disappear  promptly  if  the  patient  is  again  subjected  to  pressure,  the 
gas  going  into  solution.  Tliis  is  the  proper  method  of  treatment.  If 
the  decompression  is  made  slowly,  the  gas  is  liberated  so  gradually 
that  it  can  be  eliminated,  and  no  symptoms  are  produced. 

Therapeutic  Usei  of  Ozyge&. —  In  striking  contrast  to  the 
inefficiency  of  oxygen  inhalations  under  ordinary  conditions. 
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is  its  very  marked  effect  in  asphyxia,  i.  e.,  when  the  supply 
of  oxygen  is  deficient,  from  any  cause.  The  asphyxial 
symptoms,  however  alarming,  are  removed  with  marvelous 
promptness.  It  is  especially  effective  in  those  forms  of 
asphyxia,  in  which  the  access  of  oxygen  to  the  blood  is 
hindered,  as  by  vitiated  air  (anesthesia,  mines,  wells,  etc.)  ; 
by  mechanicai  interference  with  respiration  {suffocation, 
drowning,  croup,  etc.)  ;  by  depressed  respiration  (anesthe- 
sia, collapse)  ;  or  by  a  diminished  absorbing  surface  of  the 
lung  (pneumonia).  In  all  these  cases  the  btood  is  dis- 
tinctly venous,  i.  e.,  the  hemoglobin  is  not  saturated  with 
oxygen ;  and  the  inhalation  of  the  gas  causes  the  saturation. 
In  anemia  (whether  from  hemorrhage  or  any  other  cause, 
such  as  chlorosis  or  leucemia)  asphyxial  conditions  result, 
not  from  deficient  supply  of  oxygen,  but  from  a  deficiency 
of  hemoglobin.  The  inhalation  of  oxygen,  in  these  cases, 
does  not  increase  the  quantity  of  oxygen  carried  by  the 
hemt^lobin,  but  that  carried  in  solution  by  the  plasma. 
Whilst  this  is  not  very  large  in  amount,  it  is  sufficient  to 
tide  the  patient  over  critical  periods  after  hemorrhage,  and 
to  act  as  a  general  stimulant  in  other  anemias. 

Ordinary  arterial  blood  contains  about  18.5%  of  oxygen  in  chemtc 
combination  with  hemoglobin;  and  0.6%  dissolved  in  the  plasma  —  a 
lolal  of  ig.i%.  Inhalation  of  undiluted  oxygen  increases  the  per- 
centage in  oxyhemoglobin  only  to  18.7% ;  the  dissolved  oxy;gen  is  in- 
creased in  proportion  to  the  partial  pressure;  i.  e,,  to  3%,  giving  a  total 
of  21.7%,  or  an  increase  of  2.6%.  This  is  not  really  as  small  as  it 
appears;  for  it  seems  that  the  oxyhemoglobin  does  not  yield  all  its 
oxygen  to  the  tissues  (for  instance,  after  death  by  asphyxia  the  blood 
slill  contains  considerable  oxygen).  Haldane  considers  that  the  in- 
crease of  2.6%  really  equals  about  40%  of  the  easily  available  oxj^en 
of  the  blood. 

The  inhalation  of  oxygen  is  also  useful,  in  an  entirely 
analc^ous  manner,  in  advanced  cardiac  disease,  when  the 
circulation  is  too  slow. to  convey  the  required  oxygen  to 
the  tissues.  It  acts  also  in  the  same  way  in  coal-gas  poi- 
soning, where  the  carbon  monoxid  prevents  the  hemoglobin 
from  combining  with  the  oxygen.  In  this  condition,  as  in 
anemia  and  cardiac  disease,  it  is  the  increase  of  dissolved 
hemoglobin  which  produces  the  results;  whilst  in  ordinary 
asj^yxia,  etc.,  it  is  mainly  the  oxyhemoglobin. 

AamiiiistTatioii. —  Compressed  oxygen  is  now  obtainable 
in  aluminum  tanks.  This  is  connected  with  a  suitable  mask, 
and  the  gas  is  administered  according  to  the  symptoms  — 


.d  by  Google 


45^  GASES.  CH.   XX. 

30  or  40  liters  are  generally  needed.  In  emergency,  the 
tube  from  the  tank  may  be  inserted  directly  into  the  mouth. 
The  oxygen  should  be  free  from  chlorin  and  ozone. 

Ozon«  (O,).— The  presence  of  this  gas  in  the  air  is  oflen  claimed 
as  one  of  [he  attractions  of  health  resorts,  but  it  exists  at  best  in 
extremely  small  amounts  (e.  g.,  o.oiS  to  15.8  milligrams  in  100  liters 
of  air).     These  could  not  have  any  effect  of  whatever  kind. 

Effects  of  Inhalation.-^  Ozone  has  not  so  far  been  obtained  pure, 
since  all  the  methods  used  tor  its  manufacture  also  develop  nitrous 
acid.  The  gas  produced  in  this  manner  is  quite  a  strong  local  irritant, 
causing  inflammation  of  the  mucous  membranes,  etc.,  and  depresses 
the  central  nervous  system.  Smaller  doses  act  rather  as  a  narcotic 
(Sigmund,  1905),  and  later  produce  somnolence,  convulsions,  and  finally 
death   by  edema  of  the  lungs    (Du   Mont,   i8gi). 

Ozone  is  distinctly  antiseptic,  but  is  so  readily  decomposed  that  its 
value  is  limited.  Its  use  for  the  sterilization  of  water  is  said  to  be 
feasible,   scientifically   and   commercially. 

The  Role  of  Oxygen.— Oxygen  is  an  absolutely  essential  condition 
to  the  life  of  protoplasm.  Organisms  arc  indeed  classified  as  aerobic 
and  anaerobic  —  those  which  require  free  oxygen,  and  those  which  do 
not  — but  even  anaerobic  forms  require  oxygen  in  some  shape.  The 
oxygen  as  it  exists  in  the  air,  or  in  most  compounds,  is  not  suffkienily 
active  to  effect  the  oxidations  of  the  protoplasm ;  it  must  b«  in  the 
form  of  active,  alomic,  "  nascent,"  oxygen.  TTiis  liberation  of  active 
oxygen  is  usually,  if  not  always,  accomplished  by  the  action  of  fer- 
ments, "oxidases,"  which  were  first  discovered  in  plants,  but  have 
since  been  demonstrated  in  most  animal  cells  and  tissues,  especially  in 
glands.  They  can  be  isolated  by  precipitating  them  from  tbe  extracts 
with  alcohol.  They  may  be  recognized  by  the  liberation  of  oxygen 
from  HiOi  and  by  blueing  guaiac.  Their  action  is  inhibited  by  heat, 
cyanids,  and  many  other  poisons.  This  same  fermentative  action  is 
exerted  by  finely  divided  metaU,  especially  in  the  "  colloid "  state,  and 
these  are  inhibited  by  the  same  agencies. 

The  action  of  oxidases  is  at  once  oxidising  and  reducing;  i.  e.,  they 
reduce  HiOi,  and  oxidize  guaiac.  In  the  tissues  also  powerful  reduc- 
tions and  oxidations  always  go  hand  in  hand.  By  appropriate  color 
reactions  it  has  been  shown  that  the  cell-nucleus  is  the  prmcipal  seat 
of  this  reaction.  A.  P.  Mathews  (1905)  favors  the  theory  that  cell 
respiration  consists  in  hydration,  rather  than  in  oxidation,  as  in  the 
rusting  of  iron;  according  to  the  formula  Fe  + 2H,0  =  Fe(OH)i-|-zH. 
The  role  of  the  atmospheric  oxygen  consisting  in  the  removal  of  the 
liberated  hydrogen,  which  would  block  the  reaction  in  aerobic,  but  not 
in  anaerobic  organisms. 

Oxidation  is  favored  by  an  alkaline  reaction,  and  retarded  by  acids. 
This  is  due  to  the  fact  that  a  large  part  of  the  oxygen  supply  is  de- 
rived from  the  free  OH  ions,  which  exist  in  water  by  dissociation, 
which  are  increased  by  the  addition  of  the  OH  ions  of  the  alkali  if 
this  is  added,  but  which  are  more  firmly  bound  if  acid  is  added. 

The  increase  of  available  oxygen,  up  to  certain  limits,  acts  as  a 
stimulus  to  all  the  functions  of  the  protoplasm.  In  the  case  of  free 
swimming  forms,   this   gives    rise   to  the   phenomena   of  chemotaxis: 


If  the  organism   is  so  placed   that   the  concentration  of  oxygen  i 
equal  at  two  different  points,  one  will  be  more  strongly  stimulated 
than  the  other,  resulting  in  movement  until  symmetrical  structures  are 
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equally  stimulated,  t.  «.,  are  exposed  to  equal  concentration  of  the 
OJwgen. 

This  "  orientation "  is  also  frcqtiently  accompanied  Dy  movement 
toward  the  greater  concentration  of  oxygen  (positive  chemotaxis),  or 
away  from  it  (negative  chemotaxis),  according  to  the  structures 
which  are  stimulated.  There  may  also  be  a  zone  of  optimum  concen- 
tration, in  which  case  the  organism  will  swim  in  a  hmited  helt  at  a 
de6nite  distance  from  the  oxygen.  Plant-cells  exhibit  similar  phe- 
nomena, which  are  called  cbemolropism  (-tropism  referring  to  inclina- 
tion, -taxis  to  movement).  Many  other  substances  also  produce  chemo- 
tactic  phenomena,  the  reaction  varying  with  the  special  protoplasm." 
Similar  phenomena  are  produced  by  light  (phoiotaxis) ;  electricity 
(galvanotaxis)  :  contact   (siereotropism)  ;  gravity   (geolropism)  ;  etc. 

Lack  of  oxygen  produces  a  series  of  well-defined  functional,  struc- 
tural, and  chemic  changes  in  cells.  The  functional  ckattgts  consist, 
in  the  case  of  nerve,  in  excitation,  followed  by  loss  of  excitability;  in 
muscle,  there  is  first  a  loss  of  rhythmic  activity,  then  of  irritability. 
The  structural  changes  consist  in  slight  coagulation  followed  by 
softening,  with  increase  of  osmotic  pressure  and  consequent  swelling, 
absorption  of  water,  vacuolization,  and  finally  liquifaction.  The 
chenttc  changes  consist  in  the  production  of  acid  (generally  sarcolac- 
tic),  loss  of  synthetic  power,  but  persistence  of  katalytic  processes,  i.e., 
of  breaking  down  of  the  protoplasm,  with  production  of  COi. 

B.  ASPHYXIA. 

Asphyxia  results  from  a  deficiency  of  oxygen  or  an 
excess  of  carbon  dioxid  in  the  blood.  The  phenomena  in 
both  cases  are  almost,  though  not  quite,  identical.  When 
asphyxia  results  from  breathing  in  a  confined  space,  both 
causative  factors  are  intermingled. 
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The  effects  on  the  circulation  are  show 
suria  is  a  common  sequence. 
If  the  ■•phyxi*  la  produced  slowly, 

and   dyspnea   on   exertion.     The   indivi< 
gradually  that  he  may  not  be  aware  of  h 

■■   and   this    into   o 


deficiency  of  oxygen  in  the  air  —  by 
diluted  with  indifferent  gases  (N,  H,  i 
by  anemia ;  etc.  Ordinary  air  contains 
be  diluted  until  tt  contains  only  abou 
rarified  to  the  >:ame  degree),  without  p 
At  about  io%  slight  symptoms  are  no 
but  they  are  not  alarming  —  dizziness,  : 
more  frequent  respiration,  quickened 
7%,  these  symptoms  become  serious,  and 
lesser  percentage,  unconsciousness  occui 
within  45  seconds. 

Exposure  to  slightly  rarefied  air,  as  oi 
■icknCH  "  —  nausea,  headache,  insomii 
pears  after  a  few  days.  A  curious  ph< 
sistent  increase  in  the  corpuscle  and  hi 
(by  as  to  40%).  This  is  due  to  a  dim 
quantity  of  hemoglobin  being  unaltere 
satisfactorily  explained.  Recent  investi 
toms  are  due  to  deficient  pressure  of  ca 

Curbotiic   Oxid    {Carbon    MonoxJd. 
has  a   toxicologic   importance,   for  accK 


tli"e  vapor  01  Ourniiij;  char 

cipal  loxic  ingredient  ol  these  gases. 
Vahlen  (1903)  to  possess  more  than  d 
correspond  to  its  CO.  This  is  due  to 
be  removed  by  passing  the  gas  throug 
of  ^s  is  not  due  to  the  carbon  icos 
ie^).  but  to  sulpliur  compounds.  Thes 
useful  warning  of  the  escape  of  gas.  T 
containing  o.oi  to  o.oa%  of  gas;  i.  e.. 
They    are    removed    by   filtration   Ihrou 
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from   those  of  other  forms  of  a-.r>hvxia,  except  by  the  absence  <if  the 

being  pink   or  pale,  and  the   lips  bright   red    ('.  g.. 

5  ot  diaRnoatic  importance.      Ihe 


Bremomtory  svmntonis.  Uiziiness  and  hyperpnea  occur  when  about" 
xfA>  ol  Ihe  hemoglobin  is  saturated ;  unconsciousness  with  50% ;  death 
with  60  to  85%  of  saturation. 

Carbonic  oxid  acts  only  by  disptacttte  oxyrm  an^  has  no  direct  ac- 
Hun  of  any  Ktna;  lor  u  an  animal  is  made  to  breath  oxyRen  under  two 
atmospheres  pressure  (which  renders  it  independent  of  the  hemoglo- 
bin)  flie  addition  of  carbonic  oxid  in  any  amount  produces  no  symp- 


dne  to  the  latter,  (or  they  occur  even  when  oxygen  is  present  in  ex- 
cess. They  are  produced  by  the  direct  action  of  the  dissolved  carbonic 
acid  on  the  tissues,  especially  on  the  central  nervous  system. 

As  an  instance  of  its  direct  toxicity,  it  may  be  mentioned  that  the 
perfusion  of  the  coronary  vessels  of  a  mammalian  heart  with  COj 
causes  prompt  fibrillation  and  arrest,  whereas  the  heart  continues  to 
beat  tor  a  considerable  time  if  the  perfusion  is  made  with  oxygen,  or 
even  hydrogen  (Magnus,  1902). 

The  presence  of  carbonic  acid  in  the  air  is  a  cooperative  factor  in 
many  forms  of  asphyxia ;  its  importance,  however,  is  getierally  exaff- 
gmted.  Pure  air  contains  0.03%  of  CO,;  in  city  streets  it  rarely 
rises  above  0.04,  or  at  most  0.15%.  In  badly  ventilated  rooms  it  may 
reach  0,3% ;  whilst  3%  is  the  smallest  proportion  which  produces  any 
noticeable  symptom,  and  even  10%  does  not  cause  unconsciousness ; 
^5%  may  be  fatal  after  several  hours.  Neither  the  presence  of  CO., 
nor  the  absence  of  oxygen  explains  the  harmful  effect  of  sojourn  in 
ill-vemilated  rooms ;  nor  docs  the  expired  air  contain  any  poisonous 
ingredients.  It  is  supposed  that  the  acute  discomfort  and  the  suffo- 
cating sensation  experienced  in  these  places  is  largely  psychic,  being 
produced  by  the  heal,  odors,  noise,  etc.  Whether  this  will  also  account 
tor  the  severely  detrimental  effect  on  health  and  resistance,  the  in- 
creased tendency  to  tuberculosis,  etc.,  which  are  associated  with  habit- 
ully  deficient  ventilation,  is  an  open  question. 

It  may  be  remarked  that  the  contmued  or  repeated  exposure  to 
Eases  —  particularly  those  acting  upon  the  blood,  and  indeed  lo  any 
poison  which  alters  the  blood,  such  as  acetanilid  — never  causes  toler- 
»nce,  but  usually  increases  the  susceptibility. 

C.  NITROUS  OXID  (LAUGHING  GAS.  N,0). 

This  gas  has  been  mentioned  under  the  .general  anes- 
thetics, which  it  greatly  resembles  in  its  actions. 
The  symptoms  are  at  first  those  of  excitement,  usually  of 
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a  pleasant  variety  (laughter,  etc).  Then  follow  loss  of 
sensibility  to  pain,  and  incoordination  of  movements.  This 
is  as  far  as  the  action  goes  when  the  gas  has  been  mixed 
with  20%  of  oxygen.  If  pure  gas  is  used,  or  the  mixture 
is  used  under  pressure,  these  symptoms  pass  into  those  of 
asphyxia:  loss  of  consciousness,  heightened  reflexes  passing 
into  convulsions,  and  later  paralyses  from  the  effect  on  the 
spina]  cord.  The  effects  upon  the  medulla  lead,  in  the 
stimulant  stage,  to  a  quickening  of  the  respiration  and  stim- 
ulation of  the  vasomotor  center,  with  consequent  high  blood 
pressure.  This  latter  is  of  some  importance,  since  it  is  said 
to  have  given  rise  to  apoplexy  in  persons  predisposed  to  this. 
Later,  both  the  respiratory  and  vasomotor  centers  are  para- 
lyzed as  well  as  the  heart  muscle. 

These  effects  are  plainly  referable,  in  large  part,  to  tlie  exclusion  of 
oxygen;  for  although  nitrous  oxid  supports  ordinal^  combustion,  it 
cannot  take  the  place  of  oxygen  in  life  processes.  This  asphyxia  may 
be  prevented,  and  the  specific  action  of  nitrous  oxid  studied,  by  using 
a  mixture  of  four  parts  of  gas  and  one  part  of  oxygen,  under  a  pres- 
sure of  one  and  one-fourth  atmospheres.  Complete  anesthesia  without 
asphyxia  may  be  kept  up  in  this  manner  for  several  days.  Evidently 
the  nitrous  oxid  has  a  direct  action  on  the  central  nervous  system; 
first  stimulating  the  psychic  areas,  then  depressing  these  to  insensi- 
bility. The  motor  reflexes  are  also  abolished.  The  medullary  centers 
are  not  affected,  and  the  circulation  remains  unchanged,  in  the  absence 
of  asphyxia.  Nitrous  oxid  also  has  no  action  on  other  tissues.  It  does 
not  combine  with  hemoglobin. 

The  mechanism  of  its  central  action  is  probably  the  same  as  with 
the  hydrocarbon  narcotics  —  viz.,  a  physical  change  in  the  lipoids.  On 
account  of  its  feeble  chemic  affinities,  the  gas  is  practically  free  from 
side-actions,  and  herein  lies  its  chief  value. 

Aneatheaia  by  Undiluted  Qsa.—  For  very  short  operations  fas 
in  dentistry)  the  gas  is  inhaled  through  a  tightly  fitting  mask,  nith  the 
exclusion  of  air,  until  the  face  becomes  cyanotic,  the  breathing 
Stertorous,  the  pupils  enlarged,  and  the  patient  unconscious.  This  oc- 
curs in  63  lo  80  seconds.  The  gas  is  then  removed  and  the  operation 
performed  at  once,  the  anesthesia  lasting  only  22  to  30  seconds.  The 
time  from  beginning  ihe  inhalation  lo  complete  recovery  is  only  lOO 
to  120  seconds.  There  i:^  very  little  nausea  and  no  other  after-effect. 
The  anesthesia  is  due  to  the  combined  action  of  the  gas  and  of 
asphyxia;  but  mainly  to  the  latter.  It  cannot  therefor  be  prolonged. 
For  short  operations,  it  is  the  least  dangerous  of  anesthetics:  Only 
17  deaths  have  been  reported,  making  a  fatality  of  about  i  :  5,2SO.0Oa 
In  case  of  accident,  artificial  respiration,  or  preferably  oxygen,  should 
be  applied.  __ 

Anettheiia  by  Nitroui  Oxid  Diluted  with  Oxy^n.— The  anes- 
thesia may  be  prolonged  indefinitely  by  mixing  the  nitrous  oxid  with 
twenty  per  cent  of  oxygen,  and  using  it  under  an  excess  pressure  of 
one-fourth  atmosphere.  Even  lesser  proportions  of  oxygen  permit  a 
more  or  less  lasting  anesthesia.  This  orinciple  has  been  utilised  in 
practice.    A  special  apparatus  is  required,  allowing  the  mixture  of  the 
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two  gases  in  any  proportion.  This  is  connected  with  a  close-fitting 
mask.    It  is  advisable  to  warm  the  gas  mixture  before  it  is  inhaled. 

To  hasten  the  anesthesia,  the  administration  is  begun  with  a  mixture 
containing  2%  of  oxygen.     This  is  gradually  increased  to   10%. 

The  induction  of  anesthesia  is  very  rapid,  perhaps  12  to  15  min- 
utes. The  patients  recover  consciousness  at  once.  The  nausea  is  very 
slight,  and  with  this  method  of  administration  there  is  no  marked 
asphyxia  —  at  most  a  slight  cyanosis.  The  anesthesia  is  most  readily 
induced  in  children  or  old  people,  is  much  more  difficult  in  hysterics 
and  alcoholics,  scanetimes  failing  entirely.  The  gas  has,  however,  some 
disadvantages:  Its  administration  requires  skill  and  constant  watch- 
ing, since  either  recovery  or  asphyxia  occur  very  rapidly.  The  muscu- 
lar relaxation  is  not  nearly  as  complete  as  with  ether. 

This  method  of  anesthesia  has  proved  especially  valuable  as  a  pre- 
iimiHory  to  other  anesthesia  (see  page  437)'  Its  principal  drawback 
is  the  expense  and  inconvenience  of  the  apparatus  and  the  expense  of 
the  gases. 

(By  great  skill  and  care  in  regulating  the  distance  of  the  mask  from 
the  face,  a  prolonged  anesthesia  may  be  kept  up  with  nitrous  oxid, 
without  oxygen). 

D.  OTHER  TOXIC  GASES. 

Nitric  peroxid  (NO.)  and  Sulphurous  Acid  (SO.)  are  very  toxic 
by  local  irritation,  producing  bronchitis  and  pneumonia.  SOi  pro- 
duces extreme  discomfort  in  proportions  as  small  as  o.00l%  (0.1% 
being  fatal).  NO^  on  the  other  hand,  produces  but  very  slight  acute 
effects,  followed  by  severe  and  often  fatal  bronchitis.  It  is  therefor 
especially  dangerous.  It  is  produced  in  large  amount  in  the  combus- 
tion  (not  in  the  explosion)   of  nitroglycerin  and  gun-cotton. 

Hydrogen  Sulphid  (H,S)  is  extremely  toxic.  Its  effects  are  partly 
local,  partly  central.  The  former  are  irritant,  due  lo  its  acid  charac- 
ter- the  latter  resemble  asphyxia.  It  is  formed  in  putrefaction,  par- 
ticularly of  sewerage ;  o.o2%  produces  symptoms  particularly  irritation 
of  the  conjunctiva  and  bronchial  mucosa;  0.05%  produces  asohyxial 
symptoms:  hyperpnea,  nausea,  giddiness,  headache,  etc;  o.o77d  pro- 
duces death  after  about  an  hour;  0.2%  is  fatal  lo  dogs  m  I'/i  minutes. 
The  afier-etfects  resemble  those  of  carbon  monoxid.  Edema  of  the 
lungs  and  pneumonia  are  common  sequels.  .  ,     .  ,  . - 

Hydrogen  sulphid  does  not  act  by  combinmg  with  hemoglobm, 
under  ordinary  conditions,  but  acts  directly  on  the  tissues.  It  is 
readily  detected  in  air  by  its  odor  and  by  blackening  lead  or  silver- 
paper.  In  case  of  death,  it  may  be  recognized  by  the  blackening  of 
a  silver  coin  laid  on  the  skin.  .       ,.„  ,    _ 

Anenluretted  Hydrogen  (AsH.)— Its  action  is  different  from 
that  of  arsenic.  It  produces  a  destruction  of  blood -corpusles  (also  in 
vitro)  and  consequently  anemia,  icterus,  and  hemoglobinuria,  for 
the  rest  it  causes  nephritis  and  general  asphyxial  symptoms.  It  is 
impossible  to  say  at  present  whether  these  asqhyxial  symptoms  are 
due  to  the  direct  action  of  the  drug  on  the  respiratory  center,  or  to 
the  diminution  of  the  blood-corpuscles. 
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CHAPTER  XXI. 
(A)   CAMPHOR  GROUP. 

I.  MEMBERS. 

(PHOR  and  substances  chemically  allied  to  it — i.  e., 
oric  acid,  monobromated  camphor,  Borneo  camptaor, 
ol,  thymol,  musk,  etc. 

hor  is  a  stereoptene~i.  e.,  a  solid  body  deposited  from  i 
oil.  Chemicaily  it  belongs  to  the  terpenes,  having  for  tjpe 
ne,  CitH,..  This  group  may  be  split  up,  so  that  there  are  henii- 
i,  CiHt,  sesqni- terpenes,  CnHt.,  etc. 

)odies  belonging  to  this  group  have  the  following  composilioo: 
in    ^Turpentine. 

.  n romniin.- i  CmH.iO.      ^^  CatnphoHc  Acid. 

i,.u  — uampnor^^^jj^g^Q  =  Monobromated  Camphor. 
li>0  =  Borneo  Camphor, 
1»0  =  Menthol. 

camphor  group  is  related  in  composition  and  actions  to  At 
oils,  and  more  remotely  to  carbolic  acid.  The  principal  diSn- 
om  the  latter  consists  in  the  ^aier  predominance  of  tbe 
ion  in  the  case  of  camphor.  This,  as  with  picrotoxin,  is  ex- 
ainly  on  the  medulla, 

II,  SUMMARY  OF  ACTIONS, 
itimulation  of  the  central  nervous  system,  followed 
alysis  in  large  doses.     The  main  action  in  mammals 
:he  vasomotor  center, 
itimulation  of  the  cardiac  muscle. 
x>cally,  stimulation  and  paralysis  of  the  sensory  nerve 
s ;  also  stimulation  of  the  nerves  conveying  the  sensa- 
cold  in  the  case  of  menthol, 
'eripheral  depression  of  the  tonus  of  blood  vessels. 
lildly  antiseptic,  after  the  manner  of  essential  oils. 
L  curare  action  on  striped  muscle. 

III.  DETAILS  OF  ACTION, 
sntral  Nenrons  System.' — («)  Brain:    The  stimulant 
ims  begin  in  man  with  impulsive  movements,  confu- 
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sion,  delirium;  then  follows  tmconsctousness  with  epilepti- 
form convulsiotis.  The  latter  have  been  attributed  to  stimu- 
lation of  the  medulla,  but  some  experiments  seem  to  show 
that  they  are,  at  least  partly,  located  in  the  brain.  The 
lower  animals  give  expression  to  this  excitement  by  in- 
creased motion. 

(b)  Stimulation  of  tlie  medulla  is  shown  in  man  first  by 
vertigo;  later  all  the  medullary  centers  are  stimulated;  the 
respiration  is  increased  in  volume  and  rate.  The  blood 
pressure  rises ;  the  face  and  skin  are  Hushed,  due  to  stimula- 
tion of  the  vasodilator  center.  Large  doses  paralyse  the 
medulla  and  cause  death  by  collapse. 

The  (c)  spinal  cord  also  shows  some  stimulation,  and 
finally  paralysis,  but  this  does  not  come  on  until  late,  and  is 
not  important  in  mammais. 

(d)  In  froga,  on  the  oiher  hand,  (he  action  on  the  spinal  cord  is 
very  pronounced,  and  consists  in  a  paralysis.  This  entirely  obscures 
any  action  which  the  drug  may  have  higher  up  in  the  nervous  system 
in  these  animals.  It  appears  that  the  path  for  reflex  impulses  is 
blocked  before  that  for  impulses  coming  from  the  higher  brain. 

3.  Action  on  the  Circulation.— The  action  of  camphor  on  the  cir- 
culation is  quite  complicated,  since  it  acts  to  a  variable  degree  on 
the  vasomotor  center  (increased  excitability)  ;  on  the  arterial  muscle 
(loss  of  tone,  by  peripheral  action)  ;  and  on  the  cardiac  muscle  (stimu- 
lation). The  cardiac  stimulation  is  not  seen  with  small  and  medium 
doses  in  mammals.  Larger  doses  may  cause  recovery  of  a  fibrillating 
excised  heart,  and  prevent  delirium  cordis  from  electric  stimulation 
(Setigmann,  1905).  TTiey  may  also  revive  the  heart  when  poisoned 
tiy  potassium.  Still  larger  doses  produce  direct  cardiac  depression. 
&>me  investigators  have  observed  a  periodic  stimulation  of  the  vaso- 
motor center,  a  rhythmic  rise  of  the  blood  pressure:  but  more  re- 
cently this  has  been  denied  (Seligmann).  The  blood-pressure  usually 
falls,  through  direct  depression  of  the  arterial  muscle. 

The  frog's  heart  is  slowed  and  strengthened.  71)is  stimulation  is 
seen  particularly  when  the  heart  has  been  depressed  by  any  poison,  so 
that  it  must  be  mainly  muscular. 

3.  The  local  action  is  similar  to  that  of  the  essential  oils,  or  of 
very  dilute  carbolic  acid,  producing  some  irritation  and  then  anes- 
Ikesia.  This  determines  its  use  for  local  application  in  liniments. 
Menthol  shows  a  peculiar  stimulation  of  the  nerves  conveying  the 
sense  of  cold.  The  skin  feels  cooled  after  the  application  of  the  sub- 
stance, although  there  is  no  tall  in  the  temperature,  the  vessels  in 
fact  being  dilated.  The  irritability  of  the  endings  for  the  sensation 
of  heat  is  also  increased. 

The  irritant  action  of  small  doses  of  camphor  on  the  digeslive  canal 
is   used  against  dyspepsia.     Large  doses  produce  vomiting. 

4.  Applied  directly  to  frog's  skeletal  muscle,  it  produces  a  curare- 
like action.     This  is  not  seen  in  mammals. 

5.  Camphor  has  a  slight  antlaeptic  action  which  determines  its 
use  in  mouth-ti-ashes  and  gargles;  and  it  also  forms  a  quite  efficient 
intestinal  antiseptic,  the  amount  of  combined  sulphates  in  the  urine 
being  lessened  by  it. 
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IV.  ABSORPTION  AND  FATE 

On  account  of  its  volatility  camphor  is  absorbed  quite 
readily,  although  it  is  insoluble.  However,  the  absorption 
presents  very  great  variations,  which  make  the  action  ex- 
tremely uncertain,  and  greatly  interfere  with  its  usefulness 
in  therapeutics.  The  members  of  this  group  are  converted 
in  the  body  into  hydroxyls,  unless  they  already  contain  this 
radicle.     (Fromm  and  Hildebrandt,  1901.) 

The  actions  of  the 

V.  OTHER  MEMBERS  OF  THE  SERIES, 
are  so  similar  to  those  of  camphor  that  the  preceding  de- 
scription applies  to  them  also.  They  have  no  advantage 
over  camphor  in  therapeutics,  Mttsk  is  supposed  to  act  in 
the  same  way,  but  almost  nothing  is  known  about  this  sub- 
stance. Camphoric  acid  has  a  peculiar  action  on  diaphore- 
sis (see  Index), 

VI.  THERAPEUTICS. 

1.  Camphor  has  considerable  reputation  as  a  circulatory 
and  respiratory  stimulant  in  conditions  of  collapse,  syncope, 
adynamic  fevers,  cardiac  failure,  etc.  For  this  purpose  it 
should  be  administered  hypodermically,  '/i  c.  c.  of  the  cam- 
phorated oil  being  injected  every  fifteen  minutes  for  four 
doses.  The  effect  has  been  explained  partly  by  reflex  stimu- 
lation from  the  pain  of  the  injection,  partly  by  the  direct 
action  of  the  camphor  on  the  nerve-centers  and  heart ;  ani- 
mal experiments  are.  however,  negative.  The  clinical  suc- 
cess is  also  inconstant.  This  has  been  referred  to  the  un- 
certain absorption.  Since  these  doses  of  camphor  can  do 
no  harm,  they  are  worthy  of  trial. 

On  the  other  hand,  camphor  has  been  used  as  a  nervous 
depressant  in  epilepsy,  chorea,  and  convulsions,  and  as  an 
anaphrodisiac ,  and  so  on.     This  rests  on  no  rational  basis. 

It  has  also  been  employed  against  hysteria,  but  consider- 
ing the  uncertain  course  of  this  disease,  it  is  impossible  to 
say  whether  camphor  is  of  any  benefit, 

2.  The  dilation  of  the  cataneona  veiwla  makes  camphor 
useful  as  a  diaphoretic  and  in  colds. 

Like  the  other  terpenes,  Camphor  has  found  some  em- 
ployment in  tuberculosis.  The  least  objectionable  method 
would  seem  to  be  give  it  as  emulsion  per  rectum,  about 
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I  Gm.  per  day.  It  has  also  been  used  subcutaneously,  o.oi 
Gm.  dissolved  in  oil,  being  injected  daily.  Most  observers 
report  it  as  unsatisfactory. 

3.  Camphor  is  used  for  its  local  actioE  on  the  skin  as  a 
counterirritant,  and  for  its  local  anesthetic  effects.  For  the 
latter,  menthol  in  the  form  of  menthol  pencils  is  especially 
useful.  It  is  rubbed  on  the  forehead  in  headache,  or  in- 
haled. Camphor  itself  is  employed  in  the  form  of  spirits 
of  camphor  or  oil  of  camphor,  often  as  an  ingredient  of 
liniments. 

4.  Its  local  effects  upon  the  gastric  and  intestinal  canal 
have  caused  its  employment  in  dyspepsia  and  as  a  carmin- 
ative and  intestinal  aniiseptic.  For  this  purpose,  0.3  Gm, 
is  taken  three  times  a  day.  Like  the  essential  oils,  it  forms 
a  frequent  addition  to  gargles  and  mouth-washes. 

VII.  MATERIA  MEDICA. 

Camphora  (U.  S.  P.,  B.  P.) .—  Camphor.—  C,H,.CO.—  A  stereop- 
tene  obtained  from  Cinnamomum  Camphora,  LaurineaK ;  China  and 
Japan. 

The  wood  is  distilled  with  water  and  the  solid  Camphor  separates 
from  the  distillate.  It  is  further  purified  by  sublimation.  Very  spar- 
ingly soluble  in  water,  freely  in  alcohol,  etc.^  and  in  fixed  and  volatile 
oils.  Dose:  ao5  to  oj  Gm.  (1  to  5  grams)  (0.125  Gm.^a  grs., 
U.  S.  P.). 
Preparatimis: 

Aqua  Camphor<t  (XJ.  S.  P..  B.P.).— A  satui^ted  aqueous  solution; 
very  little  therapeutic  action.    Dose:  8  c.  c.  =  25  (U.S.  P.). 

Spiritus  Camphora  (U.  S.  P.,  B.P.).— A  10%  solution  in  alcohol; 
not  mtscible  with  water.  The  best  form  for  internal  administration. 
Dose:  I  to  4  e.  e.  (15  to  60  m.)   (r  c.c.  =  is  m.  U.S.  P.). 

Linimenlum  Camphors  (U.  S,  P.,  B.  V.'S.—  Camphorolei  Oil.— Pi. 
20%  solution  in  Cottonseed  Oil.     Beat  form  for  external  use. 

Linimentum  Camphora  Ammfinialum  (B.  P.)..— Contains  camphor, 
ammonia,  alcohol,  and  oil  of  lavender. 

Ceraium  Camphora  (U- S.  P.).— 10%. 

Tinctvra   Camphora  Comp.— (B.P.)     (Paregoric).— See   Index. 

*  Camphor-Chloral    (N.  F,).— Equal   parts.     Used   externally. 

Camphor  is  also  contained  in  the  following  pharmacopceial  prepara- 
tions: Linimentum  Belladonna;  Linim.  Sinapis  Comp. ;  TincL  Opii 
Camph.;  Pulvis  Morphine  Comp. 

'Borneo  (Sumatra)  Camphor. —  Ci.HhO.— From  Dryobalanopt 
Camphora,  Dipterocarpea. 

Camphora  Monobromata  (U.  S.  P.).— C.H,.Br.CO,— Made  by  heat- 
ing Bromin  nnd  Camphor.  Insoluble  in  water,  soluble  in  alcohol. 
£>oJ^."  0.12  to  a6  Gm.  (2  to  10  Rrains)  (0.125  Gm.  =  2  grains,  U.  S.  P.). 

•  Oxycomphor  (camphor  with  H  replaced  hy  OH)  has  been  recom- 
mended as  respiratory  sedative  in  cough.  It  is  a  crystalline  powder, 
of  a  peculiar  odor  and  a  bitter,  pungent  taste.    The  aqueous  soluti<m 

•  Not  officiBl. 

Sludr  Materia  Mtdica  L«»on  j^ 
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decomposes,  and  it  is  marketed  as  a  50%  alcoholic  solution,  of  which 
the  dose  is  i  c.  c.   (20  drops). 

Acidum  Camphoricum  (U.  S.  P.).— C.H„(COOH)fc  Obtained  by 
the  oxidation  o£  camphor.  Colorless  crystals.  Sol.  in  125  water,  readily 
in  alcohol  and  fatty  oils.  Doie:  0.6  to  2.  Gm.  (10  to  30  ffrs.)  (l  Gin. 
^15  grs.,  U.S.  P.).  Said  to  be  specific  in  night-sweats  of  phthisis," 
Two  Gm.  are  given  two  hours  before  the  expected  sweat  Externally : 
As  a  mild  antiseptic  gargle,  wash,  and  injection  in  the  manner  of 
Camphor,  over  which  ii  has  the  advantage  that  it  can  be  dissolved 
in  any  proportion  by  adding  10%  of  alcohol  for  each  %  of  camphoric 
acid.     It  is  usually  employed  in  strengths  of  from  0.5%  to  6%. 

* Agaricin,  from  Botelui  Laricis  {Dose:  0.005  W  0.03  Gm.),  is  also 
used  in  these  night-sweats.  Large  doses  paralyze  the  heart  and 
respiration. 

Me«lhol  (U.  S.  P„  B.  P.).—  CH.(CH.)  (OH)  (OH,)  1:3:4- 
Stearoptene  derived  from  the  volatile  oil  of  various  species  of  Mentha. 
Slightly  soluble  in  water,  freely  in  alcohol.  Dose:  0.03  to  0.12  Gm. 
(H  to  2  grains)   (0.06s  Gm.  =  i  gr.,  U.S.P.). 

Emplaslrum  MeMhoi  (B.  P.).— 3S%- 

(B)  HYDROCYANIC  ACID  GROUP. 
I.  OCCURRENCE. 

Hydrocyanic  acid  exists  as  amygdalin  in  many  plants.  This  amygda- 
lin,  when  pure,  is  almost  entirely  harmless,  except  as  it  is  decom- 
posed in  the  body.  But  in  most  plants  it  coexists  with  the  ferment 
emulsin,  by  which  it  is  split  up  in  the  presence  of  water  into  hydro- 
cyanic acid,  glucose,  and  benzaldehyd: 

C»HbNO„  -I-  2HJ3  =  2CH„0,  +  HCN  +  CH..CHO. 

One  gram  of  cherry  kernels  yields  1,7  mg.  hydrocyanic  acid ;  one 
gram  bitter  almond  pulp  yields  2.5  mg.  hydrocyanic  acid. 

The  most  important  cyanogen  (CN)  compounds  are  the  acid  (pnissic 
acid,  official  as  the  dilute,  2%  solution)  and  cyanid  of  potassium. 
Mercury  cyanid  has  mainly  a  mercury  action.  The  cyanid  action  is 
also  shared  by  the  organic  esters  (nilrils)  ;  these  differ  from  potassium 
cyanid  only  in  the  rapidity  with  which  the  cyanogen  is  liberated. 
Ferri  and  ferro-cyanids  (red  and  yellow  prussiate  of  potash),  sulfo- 
cyanids,  and  nitroprussids  do  not  show  the  cyanogen  actions,  unless 
decomposed.  The  ferro,  ferri,  and  sulfo-eyanids  are  fairly  staple,  and 
consequently  have  little  effect,  Nitroprussids.  however,  liberate  CN 
readily  and  agree  u-ith  cyanids,  except  that  they  are  less  convulsive. 

II.  SUMMARY  OF  ACTIONS. 

1.  Toxicity  to  al!  forms  of  protoplasm  and  to  ferments. 

2.  Stimulation  and  paralysis  of  the  central  nervous  sys- 
tem; the  effects  being  analogous  to  those  of  asphyxia. 
They  are  produced  by  interference  with  the  oxygen  con- 
sumption by  the  tissues. 

3.  Peripheral  vasodilatation,  at  least  in  the  kidney. 

4.  With  methemoglobin,  it  forms  cyanhemoglobin,  giv- 
ing a  peculiar  spectrum. 

ig  tbc  aweat*  of  pbthidi.  *a  that 
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III.  DETAILS  OF  ACTION. 


Hydrocvanic  acid  interferes  with  the  action  of  all  ftrments.  It  even 
hinders  the  inor^nic  "ferments"  (spongy  platinum,  etc.).'  It  is  a 
violent  protoplasmic  poiton,  presumably  through  its  restraint  of  the 
fermentations  which  play  a  most  important  role  in  life  processes.  All 
forms  of  life,  all  tissues  and  organs,  are  affecled.  Infusoria  are 
killed  in  a  concentration  of  0.1%.  The  growth  of  yeast  and  of  higher 
plants,  the  germination  of  seeds,  the  contractility  of  animal  cells,  the 
conductivity  of  nerves,  etc.,  are  inhibited.  If  the  action  is  sufficiently 
continued,  all  vitality  is  destroyed;  but  if  the  cyanid  is  promptly  re- 
moved, complete  recovery  occurs.  Direct  application  of  hydrocyanic 
acid  causes  local  anesthesia. 

In  excised  kidneys  perfused  with  saline  solution,  the  addition  of 
Igdrocyanid  acid  causes  a  very  marked  dilation  of  the  renal  vessels. 
"TiK  effect  is  apparently  due  to  a  paralysis  of  the  arterial  muscle.  It 
disappears  promptly  on  removing  the  cyanid   (Sollmann,  igos). 

Effect  on  Hi^-her  AnimaU, —  When  given  in  doses  small 
enough  to  permit  of  watching  its  action,  this  is  seen  to  con- 
sist in  a  Heeling  stimulation  of  certain  parts  of  the  central 
nervous  system,  folhzved  by  depression  and  paralysis.  The 
action  begins  in  the  medulla.  The  vomiting,  respiratory, 
vagus,  pupil-dilator,  and  vasomotor  centers  are  all  stimu- 
lated. Then  comes  tmconsciousnesSj  and  after  this  convul- 
sions. In  man  these  are  probably  mainly  medullary  in 
origin.  Then  follows  paralysis  of  the  whole  central  ner- 
vous system.  Involuntary  evacuations  of  feces,  urine,  and 
semen  are  frequent. 

The  respiration  is  at  first  greatly  increased,  especiallv  in  depth ;  it 
then  becomes  slow,  shallow,  and  irregular  (Cheyne- Stokes  type  (Fig. 
52.  page  185),  It  stops  considerably  before  the  heart,  paralysis  of  the 
respiratory  center  being  the  immediate' cottj*  of  death.  The  effect  on 
the  circulation  is  entirely  analogous  to  that  of  asphyxia  (see  Fig.  4?. 
page  151).  As  in  the  tatter,  the  heart  may  again  execute  a  few  movements 
after  it  has  stopped  for  a  time  (h  in  the  figure)  ;  but  these  do  not 
suffice  to  maintain  the  circulation. 

Applied  directly  to  the  frog's  heart,  cyanids  cause  a  standstill,  which 
is  not  removed  by  atroftin ;  however,  the  heart  responds  strongly  to 
electric  or  mechanic  stimulation.  The  paralysis  evidently  involves 
the  automatic  properly  of  the  cardiac  muscle.  There  is  no  evidence 
of  this  action  m  the  blood-pressure  tracings  from  mammals. 

IV.  EXPLANATION  OF  THE  ACTION. 


The  phenomena  of  the  action  of  hydrocyanic  acid  on  the  central 
nervous  system  —  the  stimulation  of  the  medullary  centers,  the  con- 
vulsions,  the    vascular  paralysis,    etc. —  bear  a  close   resemblance    to 

■  The  uiilogoui  effect  on  organic  and  inortmlc  fermentt  doc*  not  tieco- 
nrily  Impty  any  uulogr  in  'he  mcctumigni  of  Itie  action  i.  That  on  metals 
ii  probablj'  produced  l>y  a  minute   film   of  cyanid. 
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those  of  asphyxia ;  and  it  can  be  easily  shown  that  oxidation  is 
enormously  diminished.  There  is,  however,  cme  very  marked  difference 
from  ordinary  asphyxia,  for  the  blood  reniains  of  a  bright  arterial 
color,'  indeed,  the  oxygen  content  of  the  venous  blood  in  cyanid  poison- 
ing approaches  that  of  ordinary  arterial  blood.  Ii  is  evident  that  the 
oxygen  supply  to  the  tissues  is  not  lessened.  The  cause  of  the  asphyxia, 
of  the  lessened  oxidation,  must  lie  in  the  protoplasm  of  the  tissues. 
This  undergoes  what  might  be  termed  "  internal  asphyxia,"  in  sight 
of  abundant  oxygen  (Geppert,  i88g}. 

It  may  be  assumed  that  the  cyanid  interferes  with  the  fermentative 
processes  by  which  the  utilization  of  oxygen  is  accomplished;  just  as 
It  hinders  oxidative  ferments  without  the  body.  Its  effects  on  lower 
organisms  are  also  precisely  the  same  as  those  of  deprivation  of 
oxygen.' 

Hydrocyanic  acid  unites  with  hemoglobin,  but  this  combination  is 
of  a  different  nature  from  that  with  carbonic  oxid,  and  has  no  influ- 
ence upon  the  readiness  with  which  oxygen  is  given  off.  When  added 
to  methemoglobin,  it  causes  the  formation  of  cyan-hemoglobin, 
which  differs  from  ordinary  hemoglobin  in  its  bright  red  color  and 
in  a  peculiar  band  (Fig.  79,  page  378).  This  compound  is  responsible 
for  trie  bright  red  ecchymotic  spots  seen  after  hydrocyanic  poisoning. 
Methemoglobin  can  be  used  as  a  test  for  hydrocyanic  acid. 

Fate. —  Hydrocyanic  acid  is  very  unstable ;  il  changes  very  readily, 
even  by  mere  exposure  to  light  and  air;  and  it  undergoes  still  quicker 
decomposition  in  the  body.  Part  of  it  combines  with  sulphur-contain- 
ing molecules  to  form  sulpliocyanids.  The  fate  of  the  remainder  is 
unknown. 

Sulphocyanld  is  found  in  the  human  parotid  ullva,  whilst  it  is 
absent  in  that  of  all  other  animals.  The  nervous  connection  of  the 
gland  must  be  intact,  for  it  is  absent  in  middle-ear  disease,  for  in- 
stance. Its  significance  is  not  understood,  but  it  does  not  result  from 
bacterial  decomposition  as  was  formerly  sut)posed.  Its  amount  can 
be  increased  by  taking  HCN  —  even  that  existing  in  tobacco  smoke 
causing  an  increase. 

V.  TOXICOLOGY. 
Hydrocyanic  acid  is  not  very  much  used  in  criminal  poi- 
soning (0.5%  of  the  recorded  cases),  because  its  quick 
action  would  soon  lead  to  the  detection  of  the  crime.  On 
the  other  hand,  it  or  the  cyanids  form  very  favorite  methods 
with  suicides.  On  account  of  the  technical  uses  of  potas- 
sium cs^anid  (in  photography,  electroplating,  cleaning  of 
metals,  etc.),  it  can  generally  be  obtained  with  little  trouble. 
Some  cases  are  also  reported  of  accidental  poisoning  by  the 
gaseous  acid. 

TTiis  pure  hydrocyanic  acid,  which  is  never  seen  outside  of  cheinic 
laboratories,  is  extremely  volatile  and  very  toxic.  The  famous  chem- 
ist Scheele,  who  discovered  hydrocyanic  acid,  was  killed  by  the  vapors 
set  free  in  the  breaking  of  a  flask  of  this  fluid. 

The  ■tren^th  of  the  official    (dilute)   acid  should  be  2% ;  but  many 

>  ExcrciK  7>.   No.  $■ 

■In   certain  fiifa-oTB,  cyanids  alw)  impend  the  autolyiic  proce 


,ab,GoOglc 


TOXICOLOGV.  469 

samples  are  much  weaker,  on  account  of  decompositicH).  Potassium 
cyanid  is  stiti  more  variable.  The  pharmacopceia  requires  a  strength 
of  90% ;  but  the  commercial  article  sometimes  contains  only  30  or 
40%.  This  accounts  in  part  for  the  variability  in  the  appearance 
and  severity  of  the  symptoms.  Another  variable  factor  is  the  rate 
of  absorption,  according  to  whether  the  stomach  is  full  or  empty.  In 
the  latter  case,  there  is  a  much  better  chance  of  saving  the  patient. 
However,  the  absorption  is  always  very  rapid ;  it  occurs  even  to  some 
extent  from  the  intact  skin.  Application  to  raw  surfaces  or  to  cuts 
has  given  rise  to  poisoning.  Inhalation  of  the  vapors  has  proven 
fatal. 

The  f«Ul  Attwt  of  absolute  HCN  is  about  0.05  Gm.  (i  grain);  that 
of  KCN  is  0.2  to  0.3  Gm.  (3  to  5  grains}  ;  that  of  dilute  hydrocyanic 
acid,  would  be  about  2.5  Gm.,  50  or  60  Bitter  almond  seeds,  would  be 
fatal.  Correspondingly  larger  doses  are  needed  if  the  drugs  are  im- 
pure or  decomposed.  The  impression  prevails  quite  widely  that  prussic 
acid  is  one  of  the  most  powerful  poisons.  This  reputation  is  justified 
by  its  extremely  rapid  action,  rather  than  by  its  toxic  dose. 

In  the  so-called  apoplectic  form;  i,  e.,  when  very  large 
doses  are  taken,  the  patient  may  fall  unconscious,  often 
■with  a  loud  cry,  within  ten  seconds,*  and  die  within  two  to 
five  minutes,  after  some  convulsions.  Ordinarily,  the  course 
is  rather  more  prolonged ;  several  minutes  may  elapse  after 
taking  the  poison  before  any  effect  is  noticed ;  death  occurs 
between  15  minutes  to  an  hour. 

The  lyinptoiiia  consist  in  vertigo,  mental  dimness,  head- 
ache, palpitation;  then  comes  dyspnea,  which  may  become 
very  violent  from  stimulation  of  the  respiratory  center;  the 
patient  then  becomes  totally  unconscious  and  shows  very 
violent  convulsions.  During  this  stage  the  heart  may  be 
greatly  quickened.  The  respiration  becomes  first  difficult 
and  then  ceases.  The  heart  at  this  time  is  very  much 
weakened,  but  still  continues  to  beat  for  a  short  time  and 
then  stops. 

The  prompt  diagnoBii  of  cyanid  poisoning  is  very  impor- 
tant in  view  of  the  treatment.  The  odor  is  very  characteris- 
tic. (The  student  should  familiarize  himself  with  the  ap- 
pearance and  odor  of  potassium  cyanid.)  The  very  rapid 
onset  of  the  symptoms  is  also  characteristic. 

At  the  antopsy,  the  odor  is  also  noticeable  on  opening  the  body. 
There  are  no  peculiar  lesions,  except  with  potassium  cyanid,  which 
acts  as  an  alkaline  caustic.  The  blood  is  generally  liquid,  and  remains 
so  after  removal  from  the  body  (by  interference  with  the  fibrin  fer- 
ment). Its  color  is  stated  to  be  very  dark  —  but  this  is  not  true  of 
all   cases:    it   may   be   of  a  very  bright   arterial    color.    Bright   red 

'  This  »  Iht  ahoMMt  lime  repotted  ~  >  fact   which  m«7  be  of  loine  medico- 
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eechymotic  spots,  due  to  cyan -hemoglobin,  occur  during  putrefaction. 
The  final  proof  of  cyanid  poisoning  rests  on  chemic  tests  (see  Index). 
The  poison  disappears  within  two  weeks  during  putrefaction ;  but 
remains  for  a  long  time  if  the  latter  is  prevented  and  if  there  is  no 
evaporation. 

Treatment —  This  consists  in  the  prompt  evacuation  of 
the  stomach  with  lavage.  The  chemic  antidotes  should  be 
added. 

These  consist  of  hydrogen  peroxid  (2HCN  +  H/),=  {CO>,(NH,)fc 
oxamid)  ;  potassium  permanganate  (o.as  to  05%);  arsenic  antidote; 
cobaltous  nitrate  (0.5%);  or  sodium  hyposulphite  (1%).  (The  last 
acts  probably  by  forming  sulphocyanld ;  the  metals  form  ferricyanid 
and  cobaltocyanid.) 

These  measures  are  quite  successful  in  animals,  if  they  are  admin- 
istered conjointly  with  the  cyanid.  In  man,  they  have  yielded  less 
promising  results,  since  too  much  lime  elapses.  The  peroxid  and  hyx>o- 
sulphile  should  be  tried,  however.  The  Utter  should  also  be  injected 
intravenously  (0.5  to  1%,  added  to  0.6%  NaCI)  or  hypodermically 
(3%).  using  100  to  soo  cc. 

It  is  also  justifiable  to  bleed  the  patient  profusely,  replacing  the 
blood  by  saline  solution. 

The  symptomatic  treatment  consists  essentially  in  sup- 
porting the  respiration.  Brisk  artificial  respiration  should 
be  begun  at  once  and  maintained  as  long  as  the  heart  beats. 
This  acts  mainly  by  aiding  the  elimination  of  the  poison 
through  the  lungs.  Counterirritation,  and  general  stimu- 
lants (caffein  and  atropin)  may  also  be  used.  If  the  patient 
survives  an  hour,  the  danger  is  practically  passed.  There 
may  be  some  sequels  —  headache,  tremors,  etc.  The  mor- 
tality is  very  high  —  95%- 

The  repeated  administration  of  subletal  doses  of  cyanids  leads  to 
chronic  cachexia,  without  altering  the  susceptibility  to  the  poison 
{Schlegel,  189a). 

VI.  THERAPEUTICS. 
There  seems  to  be  no  rational  basis  for  the  therapeutic 
use  of  the  cyanids.  except  as  flavors. 

The  local  anodyne  action  is  used  against  itching  of  the  skin  and 
pruritus,  against  cough,  and  against  vomiting.  It  given  internally,  it 
must  be  in  small  doses  frequently  repeated,  on  account  of  Che  rapid 
deccmiposilion.  Hydrocyanic  acid  has  also  been  given  for  other  pur- 
poses, especially  in  phthisis. 

VII.  MATERIA  MEDICA. 

Addnm     HydrocyMicum     Dlluluni     (U.  S.  P.,     B.P.).—(Pnissie 

Acid.) — Should    contain    2%    of   HCN.      Made    by    decomposing   Pot 

Ferrocyanid  with  H,SO..  and  distilling,  or  extemporaneously  by  pre- 
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cipiutii^  silver  cyanid  with  hydrochloric  acid.  O>lor)ess  liquid  of  char- 
acteristic odor.  Very  unstable ;  a  black  precipitate  develops  in  time, 
and  the  strength  decreases  rapidly.  Incompatible  with  metals.  Doie: 
0.06  to  0.2  c.  c.   (i  to  3  minims)   (o.i  c.  c.  =  i/j  m..,  U.  S.  P.). 

PoUull  Cyatddum  (U,  S.  P.).— KCN.  Prepared  by  fusing  Pot. 
Ferrocyanid  with  Pot.  Carbonate  and  crystallizing.  The  official  con- 
tains at  least  95%  of  KCN,  but  the  commercial  articles  are  often  very 
much  weaker.  Sol.  in  2  parts  of  water,  sparingly  in  alcohol.  Decom- 
posed by  boiling  water.  Dose:  3  to  15  mg:.  {'/»  to  J4  grain)  (lo  mg. 
=  H  gr,  U.S.P.). 
Drugs  and  Galenic  Preparations  cotitaining  HCN : 

Pranus  Virginians  (U.S.  P.)  [Prunus  Virginians  Cortex,  B.  P.].— 
Wild  Cherry.— The  bark  of  Pruaus  serotina;  Rosacez;  North  Amer- 
ica.   Tannin ;  Amygdalin ;  Bitter  glucosid. 

Tinctura  Pruni  Virginiana  (B.  P.). — 10  c,  c.  Dose:  2  to  4  c.c.  (Yi 
to  I  drachm). 

Ftuidextractum  Pruni  yirginiana  (V.S.F.).—  Dose:  2  to  4  c.c.  (}4 
to  I  drachm)  (2  c,  c.  =  30iil.,  U.S.  P.). 

Infuntm  Pruni  Virg.  <U.  S.  P.).— 4  ;  100.    Dose:  60  c.c.  (2  ozs.). 

Syrupus  Pruni  Virg.  (U.  S.  P.,  B.  P.).— 15%.  Do«.-  4  c.c,  =  i3 
(U.S.  P.). 

Amygdala  Amara  (U.  S.  P.,  B.P.).— BiHcr  Almond.— The  seed  of 
Prunus  Amygdalus,  var.  Amara,  Rosacea;  Mediterranean.  Contains 
Amygdalin.  lixed  and  volatile  oil,  etc. 

Aqua  Amygdala  Amara   (U.  S.  P.).— Doj^;   4C,c.  =  l3   (U.  S.  P.). 

Oleum  Amygdala  Amara  (U.  S.  P.).— The  volatile  oil.  Dose:  O.03 
c.c.  =  5^  TTi.  (U.S.R). 

Spiritus  Amygdala  Amara  (U.S.  P.).— A  1%  alcoholic  solution  of 
the  oil.    Dose:  0.5  c.c.=8  m..   (U.S.P.).  ' 

Lanrocerasl  Folia  (B.P.). —  Leaves  of  Pmnus  Laurocerasui,  Rosa- 
cea (Cherry-l.aurel). 

Aqua  Lourocerasi  (B.  P.).— Contains  0.1%  HCN.  Dose:  a  to  4  c.c. 
(^  to  I  drachm). 

(C)  GROUP  OF  NITRITES. 

This  group  comprises  the  inorganic  nitrates  (NaNOa); 
the  nitrous  esters  (ajnyl  nitrite,  ethyl  nitrite) ;  and  the  sub- 
stances which  are  converted  into  nitrites  within  the  body; 
notably  nitroglycerin  and  hydroxylamin.' 

I,  SUMMARY  OF  ACTIONS. 

1.  Paralysis  of  the  vasoconstrictor  ^mechanism,  mainly 
peripheral. 

2.  Paralysis  of  the  vagus  center. 

3.  Slow  paralysis  of  muscle  of  all  kitids  with  which  they 
come  into  direct  contact. 

4.  Methemoglobin  formation. 

1.  Tawwonrtrictor  paralyris.^ — This  is  first  noticed  in  the 

Sndj  Matccia  Mcdica  Lcuon  16. 

'  Hydrtiylomin    (NH^H)    ia   dec 

monium.     It  produces  the  etiects  of  t 
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skin  of  the  face,  in  an  area  similar  to  that  involved  in  blush- 
ing, but  which  may  extend  over  the  entire  trunk  to  the  ihum. 
The  meningeal  vessels  undergo  dilation  at  the  same  time. 
There  is  consequently  redness  of  the  face,  heat  and  throb- 
bing in  the  head,  and  headache. 

These  first  effects  resemble  very  closely  an  incipient  asphyxia.  There 
is  also  some  hyperpnea  and  cyanosis,  .The  temptation  might  arise 
to  refer  them  to  the  methemoglobin  formation ;  but  the  spectroscope 
fails  to  reveal  ^uch  at  this  time.  It  can  also  be  shown  on  lower  ani- 
mals that  the  nitrite  ion  has  a  toxicity  of  its  own.  aside  from  the 
asphyxia.  The  tatter,  however,  contributes  considerably  to  the  picture 
of  the  ii  ■ 
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This  flushing  lasts  but  a  very  short  time  if  the  action  of 
the  drug  be  discontinued.  At  the  same  time  the  heart  is 
greatly  quickened,  so  much  so  that  a  rise  of  blood  pressure 
is  frequently  observed  at  this  stage,  the  dilatation  being 
more  than  overcome  by  the  quickened  beat.  The  dilatation 
does  not,  however,  remain  confined  to  the  skin,  but  spreads 
over  the  entire  body,  and  relaxation  of  the  splanchnic  area 
in  particular  causes  a  speedy  fall  of  blood  pressure  (Fig. 
83)  and  a  dicrotic  pulse  (Fig.  84), 
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Meduntsm  of  the  Vasodilation. —  The  fall  of  blootS-preimre  is 
due,  entirely  to  Ike  vasodilalion;  for  it  occurs  equally  well  when  the 
cardiac  changes  are  excluded  by  atropin  (Fig.  83).  The  vasodilatation 
can  be  demonstrated  directly  by  inspection  (the  blushing);  by 
plethysmographic  measurements,  by  the  increased  rate  of  flow  through 
vessels,  etc.  The  dilatation  occurs  after  destruction  of  the  spinal  cord 
and  in  excised  organs;  it  occurs  also  after  degeneration  of  the  cervical 
ganglion.  It  is  therefor  due,  at  least  in  large  part,  to  depression  of 
the  tone  of  the  vascular  n\usculalure.  (It  seems  useless,  with  our 
present  knowledge,  to  discuss  whether  the  action  is  on  the  muscles  or 
endings.)  The  depression  does  not  culminate  in  complete  paralysis, 
for  stimulation  of  the  splanchnics  still  causes  some  rise. 

If  a  nitrite  is  introduced  into  the  cerebral  circulation,  and  pre- 
vented from  reaching  the  general  circulation,'  the  blood- pressure  does 
not  fall.  This  indicates  that  the  cerebral  centers  do  not  play  an  I'm- 
portanl  part  in  producing  the  vasodilation.  It  is  possible,  however, 
that  they  are  concerned  in  the  blushing;  for  the  peculiar  distribution 
and  prompt  occurrence  of  this  phenomenon  points  to  a  central  origin. 

The  pulmonary  vessels  are  also  somewhat  dilated,  but  not  as  much 
as  those  of  the  greater  circulation.  The  pressure  in  the  pulmonary 
arteries  is  therefore  increased  (Plumier,  1905). 

2.  The  Tachyoardia.— The  vasodilation  is  generally  ac- 
companied by  quickening  of  the  pulse.  This  is  due  to  a 
direct  depression  of  the  vagus  center. 

It  is  greatest  in  those  animals  in  which  the  vagus  is  normally  active, 
and  small  in  others.  (In  the  tracing  of  Fig.  83.  for  instance,  it  was 
slight,  the  vagus  tone  being  low.)  It  is  practically  abolished  by 
atropin. 

The  effect  is  due  to  the  direct  action  of  the  nitrite  on  the  vagiis 
center;  for  it  is  obtained  if  the  nitrite  is  confined  to  the  cerebral  cir- 
culation, and  is  absent  if  it  is  allowed  to  act  on  the  general  circula- 
tion, hut  prevented  from  reaching  the  brain. 

It  has  been  shown  by  experiments  on  excised  mammalian  hearts  that 
the  cardiac  muscle  is  not  aflected  directly  by  ordinary  doses.  (In 
pathologic  conditions,  an  indirect  effect  may  be  produced  by  the  relief 
of  the  heart  from  excessive  resistance.)  The  excised  frog's  heart  may 
be  quickened  by  low  concentrations  (1:10,000);  higher  concentra- 
tions weaken  (i  15,000),  or  stop  (i  :  1,000)  the  contraction.  This 
direct  depressant  action  is  also  seen  with  toxic  doses  in  mammals. 

As  the  result  of  the  quickening,  the  excursions  of  the 
heart  are  smaller  The  blood  pressure  waves  appear  par- 
ticularly small,  because  the  pressure  wave  is  more  readily 
dissipated,  on  account  of  the  dilatation.  The  pulse,  on  the 
other  hand,  may  be  bounding,  because  the  arteries  are  emp- 
tied more  completely  dui4ng  diastole. 

Another  effect  which  may  possibly  be  attributed  to  the 
central  nervous  system  consists  in  a  quickening  of  the  respi- 

>Ta  atudr  Ibc  direct  action  of  drugs  on  the  brain,  apart  frnm  their  periph- 
eral efCecta,  the  cerebral  vt!at\»  are  linted  and  aubject«[  to  ariificial  perfuiion 
with  delibrinated  blood,  to  which  the  drus  ii  added. 
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ration.  But  this' is  perhaps  only  secondary  to  the  changes 
in  the  circulation  and  blood. 

Similarly,  the  variations  produced  in  the  secretion  of 
urine  appear  to  be  purely  secondary,  and  will  depend  upon 
whether  the  renal  arterioles  or  those  of  the  general  circula- 
tion are  relatively  more  dilated ;  the  former  causing  an  in- 
crease, the  latter  a  diminution,  of  urine. 

Convulsions  are  also  sometimes  noted,  but  they  also  may 
be  secondary  to  the  asphyxia. 

3>  ThU  oBphyxU  depends  upon  the  production  of  methemoglobin 
(or  a  mixture  of  this  and  nitric  oxid  hemc^lobin).  Nitrites  differ  from 
most  other  methemoglobin- formers  in  that  the  structure  of  the 
corpuscle  is  not  destroyed.  Consequently  the  only  action  is  that 
of  retarding  oxidation,  since  methemoglobin  parts  with  its  oxygen 
much  less  readily  than  oxyhemoglobin.  This  may  perhaps  be 
responsible  for  the  persistent  glycosuria  sometimes  seen  in  animals. 
Methemoglobin,  however,  is  not  as  stable  a  compound  as  is,  tor  in- 
stance, CO;  and  when  the  tissues  become  actually  O-siarved,  they  can 
break  up  methemoglobin.  It  is  consequently  very  difficult  to  kill  ani- 
mals in  this  manner,  unless  the  nitrite  be  introduced  more  rapidly 
than  the  methemoglobin  can  be  decomposed.  It  this  is  done,  the  ani- 
mals may  be  saved  by  placing  them  in  ox3^en  under  pressure. 

in.   DIFFERENCES    IN   THE  ACTIONS   OF  THE  MEMBERS 
OF  THE  SERIES. 

The  principal  differences  concern  the  rapidity  and  dura- 
tion of  the  action.  Amyl  nitrite,  when  inhaled,  acts  in  lo 
to  15  seconds,  the  action  disappearing  again  within  three 
minutes.  Trinitrin,  ethyl  nitrite,  and  sodium  nitrite  act  in 
two  or  three  minutes,  the  action  persisting  a  half  to  three 
hours.  With  erythrol  nitrate,  the  effects  appear  only  after 
fifty  minutes,  and  last  five  hours. 

The  differences  are  to  be  referred  to  absorption;  and  with  the 
organic  nitrates,  to  the  rate  at  which  they  are  converted  into  nitrite. 
The  inorganic  nitrates  (as  KNOi)  are  also  reduced  to  some  extent 
into  nitrites  in  the  body,  sufficiently  to  produce  methemoglobin  if  large 
doses  are  given;  but  they  cannot  be  used  therapeutically  as  substitutes 
for  nitrites  (Binz,  iQOl). 

The  inorganic  nitrites  are  not  much  used,  since  they  are  quite  irri- 
tant to  the  stomach  (being  decomposed  by  the  gastric  hydrochloric 
acid,  with  the  production  of  the  irritant  HNOi).  Large  doses  cause 
fatly  degeneration  of  the  liver,  similar  to  that  praduced  by  ammonium, 
and  probably  due  lo  the  formation  of  this  substance.  60  to  70%  of  the 
nitrites  disappear  in  the  body,  their  exact  fate  being  unknown. 

Spirits  of  Nitrous  Ether  shows  considerable  alcohol  action,  and  is 
used  as  a  diaphoretic  and  diuretic  more  often  than  for  lowering  the 
blood-pressure. 

Nitroglycerin  has  also  a  toxicologic  importance,  from  its  use  as  an 
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explosive.  Toxic  doses  cause  vomiting,  diarrhea,  cyanosis,  etc.  Deadi 
occurs  by   respiratory  failure. 

Nitroglycerin  is  readily  absorbed.  Even  the  aiqjiication  of  it  to  the 
skin  causes  some  eifeet,  and  persons  engaged  in  its  manufacture  suffer 
severely  from  headache  during  the  tirst  few  days.  After  this,  how- 
ever, they  appear  to  be  quite  unaffected,  unless  they  leave  work  for 
several  weeks  and  then  resume  the  occupation.  The  work  is  said  to 
be  not  unheal thful. 

Smokeless  gun-paivders  (nitroglycerin,  nitrocellulose,  etc.),  when 
exploded,  liberate  gases  which  produce  the  combined  effects  of  nitrites 
and  asphyxia.  The  principal  products  are  NOi  (nitrogen  peroxid) 
and  CO  (Kiefer,  1905).  The  vasodilation  and  tachycardia  are  fol- 
lowed by  persistent  headache  ("powder-headache"),  which  does  not 
yield  to  acetanilid,  etc.,  but  is  best  treated  by  strong  coffee,  and  poul- 
tices applied  to  the  back  of  the  neck. 

IV.  DIFFERENCES  IN  SUSCEPTIBILITY.- UNUSUAL 
EFFECTS. 

A  remarkable  tolerance  for  nitrites  is  often  observed ;  this  is  some- 
times only  apparent,  since  the  tablets  decompose  and  often  contain 
no  nitroglycerin.  The  spirit  is  better,  but  also  not  quite  stable.  Other 
instances  are  authentic,  and  often  due  to  acquired  tolerance.  D.  D. 
Stewart  (1905)  reports  such  a  case,  in  which  20  grains  of  absolute 
nitroglycerin  produced  only  a  slight  effect.  Some  patients  CKhibit  this 
tolerance  from  the  start.  Others  respond  very  violently  to  small  doses 
by  alarming  syncope  with  slow  heart.  The  cause  of  this  is  not  ex- 
plained.   The  severity  of  the  headache  is  similarly  variable. 

V.  THERAPEUTIC  USES. 

The  nitrites  are  used  exclusively  for  their  dilator  action. 
This  is  indicated  in : 

1.  Excessive  resistance  to  the  work  of  the  heart  (arterio- 
sclerosis). 

2.  Arterial  spasms  (angina  pectoris,  some  forms  of  mi- 
graine, asthma,  cold  extremities). 

3.  Hemorrhage:  through  lowering  of  general  blood  pres- 
sure. 

4.  In  toxic  rise  of  blood  pressure  (lead  colic,  barium, 
strychnin,  digitalis). 

VL  EXCESSIVE  RESISTANCE  TO  THE  WORK  OF  THE 
HEART. 

This  condition  is  shown  by  a  high-tension  pulse,  with  marked  elastic 
oscillations  but  weak  dicrotic  wave. 

A  condition  of  this  kind  is  dangerous  mainly  by  reason  of  the  extra 
work  which  it  puts  upon  the  heart.  Such  extra  resistance  is  found 
especially  in  arteriosclerosis,  also  in  angina  pectoris;  in  poisoning  by 
various  drugs,  such  as  Strychnin,  Lead.  Barium,  or  Digitalis;  in 
nephritis;  and  a  relative  excess  exists  when  the  heart  itself  is  weak- 
ened, as  in  fever,  whilst  the  pulse  may  indicate  a  normal  or  even 
low  blood-pressure. 
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When  the  rise  of  blood-pressure  is  due, to  a  nervous  contracture  of 
the  vessels,  as  in  angina  or  with  strychnin,  the  nitrites  are  certain  to 
give  relief,  and  preference  is  given  to  amyl  nitrite  on  account  of  its 
quicker  action.  But  when  the  lumen  of  the  vessels  is  greatly  nar- 
rowed by  fibrous  thickening  of  their  walls,  and  the  muscle  has  lai^ely 
disappeared,  the  nitrites  naturally  cease  to  be  effective.  Nitrites  are 
therefore  useless  in  angina  pectoris  if  this  is  due  to  coronary  sclerosis; 
and  in  arieriosclerosis  they  are  for  the  same  reason  of  use  mainly  in 
the  early  stages,  and  then  they  only  give  relief  without  curing  the 
disorder.  But  this  relief  is  so  marked  as  to  make  them  of  great 
value.  It  may  persist  for  two  or  three  weeks  after  the  drug  is  dis- 
continued. 

When  the  resistance  is  not  increased,  but  the  heart  is  so  weakened 
as  to  be  unable  to  cope  with  it,  as  in  fever,  it  must  be  remembered 
that  these  drugs  cause  a  further  lowering  of  blood -pressure ;  and 
when  this  is  already  dangerously  low,  they  would  generally  be  contra- 
indicated.  But  when  this  is  not  the  case, —  that  is.  when  the  weaken- 
ing has  not  progressed  very  far. —  a  temporary  relief  may  be  secured. 
and  this  often  suffices  to  rtslore  the  heart  to  its  normal  vigor.  It 
would,  of  course,  be  advisable  in  all  such  cases  to  combine  them  with 
drugs  which  increase  the  power  of  the  heart,  such  as  digitalis;  and. 
per  coHira,  the  addition  of  nitrites  to  digitalis  is  useful  in  preventing 
the  vasoconstriction  caused  by  the  latter.  Another  condition  which 
calls  for  the  use  of  vasodilators  is  valvular  disease,  in  cases  in  which 
the  cardiac  muscle  is  incapable  of  being  stimulated  to  increased  force 
by  digitalis  —  such  as  in  fatty  degeneration.  In  these  digitalis  does 
harm  instead  of  good,  and  nitrites  are  used  as  a  last  resort,  effecting 
relief  if  they  do  not  contribute  to  a  cure. 

On  account  of  their  therapeutic  effect,  the  vasodilators  were  called 
Vascular  stimulants  by  the  older  authors,  the  "  stimulant "  referring 
to  the  system  at  large,  not  to  the  vessels.  On  account  of  the  confusion 
to  which  the  term  leads,  it  should  be  entirely  abandoned.  The  same 
authors  usually  speak  of  drugs  producing  vasoconstriction  as  "  vascu- 
lar tonics." 

Amyl  nitrite  has  been  reported  useful  in  certain  obscure  diseases: 
in  epilepsy  (especially  when  given  at  the  time  of  the  aura) ;  in  eclamp- 
sia; in  hemicrania,  etc.  While  it  is  often  entirely  without  effect  in 
epilepsy,  it  is  of  undoubted  benefit  in  other  cases,  which  are  perhaps 
dependent  on  a  vasomotor  spasm  of  the  vessels  supplying  the  motor 

VII.  MATERIA  MEDICA. 

Admlnistnitloti. —  The  dosage  of  the  nitrites  should  be  kept  as  low 
as  possible,  to  prevent  the  rapid  development  of  tolerance.  It  is  best 
to  ^ve  just  enougli  to  cause  a  slight  quickening  of  the  pulse,  and 
feelmg  of  fulness  in  the  head.  This  dose  may  be  given  four  times 
a  day.  The  initial  dose  may  be  0.6  mg.  (Vm  gr.)  of  nitroglycerin, 
increasing  gradually.  The  treatment  may  be  intermitted  for  a  few 
days  in  every  two  or  three  weeks,  starting  again  with  a  smaller  dose. 

AmylisNitris  (U.  S.  P..  B.P.).— Amyl  nitrite.— A  vellowish  liquid 
of  peculiar  odor,  containing  about  80%  of  amyl  (cniefly  iso-amyl) 
nitrite,  C,H„NO,.  Obtained  by  the  action  of  HNO.  on  amy!  alcohol. 
Insol.  in  water,  freely  miscible  with  ale.  Dose:  I  to  3  drops,  inhaled 
from  a  handkerchief  (0.2  c.c.  =  3  HI.,  U.  S.  P.).  It  may  be  carried 
in  thin  glass  capsules,  "  pearls."  one  of  which  is  crushed  in  the  hand- 
kerchief as  needed. 

Spirals  Stheris  Nilrosi  (U.  S,  P.,  B.  V.).~Sweet  Spirit  of  Nitre.— 

Study  Miteris  Mcdica  Lcuon  37. 
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An  assayed  (4%  U.S.  P.;  2y,%  B.  P.)  alcoholic  solution  of  Ethyl 
Nitrite  (CiHi.NO.).  Made  by  acting  on  alcohol  and  sodium  nitrite 
(U.S.  P.;  or  nitric  acid,  B.  P.)  with  sulphuric  acid  and  distilling  the 
product.  Miscible  with  water  or  ale.  Dote:  1.  to  4.  c.  c  (J4  lo  I  3) 
(2  e.c.  =  3o  m-,  U.S.P.)- 

Liquor  Ethyl  Nilritis  (B.  P.). —  A  3%  solution  in  glyccrinated  alco- 
hol.   Dose:  i  to  4  c.c.  ({4  to  i  drachm). 

Sodii  Nitris  {U.  S.  P.,  B.  P.).— NaNO,.  White  crystals  or  pencils. 
Sol.  in  14  water,  slightly  in  ale.  Dose:  ao3  to  03  Gm.  (^  to  s  grs.) 
(0.065  Gm.  =  i  gr..  U.S.P.). 

Spiritus  Glyceryls  Nitratis  (U.S.?.)  [Li(iuor  Tnnitrini.  (B.  P.)].— 
Spirit  of  Nilroglycerin,  Trinilrin,  or  Glonoin.—  An  alcoholic  1%  solu- 
tion of  GH.(NOi)i  (Nitroglycerin  is  prepared  by  acting  on  glycerin 
with  HNO.  and  H.SO.).    Dose:  0.05  to  0.2  c.c.  (i  to  3  drops)   (0.05 

c.c.=  i  in,.,  U.S.?.). 

TabelUg  Triuilrini  (B.  P.).— 0.6  mg.  =  V™  gr. 

•  Erythrol     Telranitrate. —  Colorless     and  lasleless     crystals,     soluble 
in  alcohol,  insoluble  in  water.    Dangerously  explosive.    Doie:  o,0[  to 
0.05  Gm.  (yi  to  I  grain),  in  powders,  tablets,  or  alcoholic  solution. 
'Not  official. 


CHAPTER  XXII. 
DIGITALIS  GROUP. 

I.  MEMBERS. 

The  distinguishing  feature  of  this  group  consists  in  an  increased 
tone  of  muscular  tissue  generally,  manifested  most  conspicuously  on 
arterial  and  cardiac  muscle,  leading  to  increased  strength  and  dura- 
tion of  the  systole,  and  to  rise  of  blood -pressure. 

This  action  is  possessed  by  a  large  number  of  substances,  of  very 
different  chemical  structure,  derived  from  widely  separated  families 
of  plants,  and  also  from  the  animal  and  mineral  kingdoms.  Only  a 
few  of  these  can  be  substituted  for  digitalis  in  therapeutics ;  the 
others  have  more  pronounced  side-actions  and  have  mainly  a  scientific 
and  toxicologic  interest.     The  most  important  are ; 

1.  Non-nilrogenous  Neulral  Principles.  Glucosids.  and  Resins. —  The 
active  principles  of  Digitalis  (Digitoxin,  Digitophyllin.  Digitalein.  Digi- 
talin)  :  Squills  (Scillitoxin)  ;  Slrophanlhus  (Sirophanthin)  ;  Apncynum 
(Apocynin  and  Apocynein).  Of  less  importance  are  those  of  Adonis, 
Oleander,  Hellebonis  niger,  Convallaria,  Cheiranthus.  and  others.  A 
number  of  these  and  similar  drugs  enter  into  arrow-poisoni,  as  Stro- 
phanthin.  Ouabain,  Antiarin,  Acocanlherin.  etc. 

The  toxic  principles  found  in  the  skin  and  blood  of  the  toad  (Bu- 
fanin  and  Bufotalin)  have  typical  digitalis  actions.  They  are  closely 
related  chemically  to  each  other,  do  not  contain  nitrogen,  and  appear 
to  be  derived  from  cholesterin. 

2.  Alkaloids. —  The  most  typical  is  eryitkrophlein.  a  ghicosidal  alka- 
loid. Other  alkaloids  show  a  very  similar  action,  as  veratrin,  curin, 
epinephrin;  pituitary  extract  and  camphor  also  resemble  digitalis  in 
their  cardiac  actions.  A  digitalis  action  is  also  claimed  for  Cactus 
granditlorHS.  but  experimental  and  clinical  reports  on  this  drug  are 
still   very  contradictory. 

3.  [norganie  Substances. —  Barium  salts,  hydrates,  and  normal  saline 
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solution  possess  cardiac  actions  which  resemble  Digitalis.  The  resem- 
blance is  perhaps  only  superficial,  (or  it  has  been  shown  that  the 
heart  of  toads  is  very  tolerant  to  all  typical  digitalis  poisons,  but  not 
to  barium  (Heuser,  1902).    They  have  no  therapeutic  importance. 

Digitalis  is  by  far  the  most  important  member  of  the  group,  from 
the  therapeutic  standpoint ;  strophanthus  being  practically  its  only  com- 
petitor. The  latter  was  introduced  into  medicine  by  Eraser  in  1885. 
The  use  of  Digitalis  is  also  comparatively  recent ;  it  was  first  pub- 
lished as  a  remedy  in  cardiac  dropsy  in  1775  by  Withering  of  Birming- 
ham. However,  the  drugs  of  this  group  were  recognized  as  poisons, 
and  employed  in  folk-medicine,  long  previously. 

11.  COMPOSITION  OF  DIGITALIS. 

Digitalis  contains  a  number  of  active  principles  (see  table 
XI).  These  are  as  yet  only  imperfectly  known,  as  it  is 
difficult  to  isolate  them  in  pure  form.  Digitoxut  occurs  in 
the  largest  amount  and  is  the  most  important,  Digitophyl- 
Hit  (present  in  the  leaf,  but  not  in  the  seed),  Dtgiialin  and 
Digitalein  also  possess  the  typical  digitalis  action;  Digitonin 
belongs  to  the  saponin  group;  it  depresses  the  heart  and  di- 
lates the  vessels,  but  is  not  present  in  sufficient  amount  to 
seriously  affect  the  action  of  the  others;  Digitin  and  Digito- 
Havon  are  practically  inactive. 

Solubility. —  Digitalin,  Digitalein,  and  Digitonin  are  fair- 
ly soluble  in  water,  Digitoxin,  Digitophyllin,  and  Digi- 
talin are  freely  soluble  in  alcohol,  but  almost  insoluble  in 
water.  However,  when  the  plant  is  extracted  with  water, 
they  are  largely  brought  into  solution  by  the  digitonin ;  so 
that  a  I  :  10  infusion  contains  two-thirds  of  the  digitoxin  of 
the  leaf.  Nevertheless,  the  alcoholic  preparations  are  rela- 
tively richer  in  digitoxin,  the  aqueous  in  digitalein  and 
digitonin. 

Decomposition  Producli.—  Like  all  glucosids,  the  digitalis  principles 
decompose  readily,  especially  in  the  presence  of  water  and  acids.  The 
decomposition  products  are  also  imperfectly  known.  Toxiresin,  from 
digitoxin,  and  Digitaiiresin,  from  digitalin  and  digitalein,  may  be  ac- 
cepted provisionally.  They  are  not  present  in  good  preparations  of 
digitalis,  but  are  formed  when  the  drug  is  stored  under  unsuitable 
conditions ;  they  occur  also  in  old  infusions.  Their  actions  are  typically 
those  of  the  picrotoxin  group.  They  seem  to  be  more  poisonous  than 
the  original  digitalis  principles,  and  have  been  blamed  for  some  of  the 
accidents  occurring  in  the  therapeutic  use  of  Digitalis.  The  subject 
requires  further  investigation. 

111.  SUMMARY  OF  ACTIONS. 
The  members  of  the  digitalis  group  produce  a  direct 
stimulation  of  all  forms  of  muscular  tissue;  of  the  vagus 
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ganglia ;  and  of  the  medullary  centers ;  they  also  cause  local 
irritation.  These  actions  result  in  the  following  phe- 
nomena : 

1.  A  direct  action  on  the  cardiac  muscle,  increasing  its 
irritability  and  contractility,  leading  to  more  powerful  sys- 
tole, and  later  to  lessened  diastole. 

2.  Vagtis  stimulation.,  mainly  by  the  increased  blood  pres- 
sure; but  partly  direct. 

3.  Vasoconstriction,  mainly  by  direct  action  on  the  arte- 
rial muscle,  but  partly  central. 

4.  A  diuretic  action,  produced  only  in  cardiac  disease. 


Pic.  85. — Disililit  on  bloDd-prHiure,  dog.  The  apper  tracinc  is  Uken  on  m 
ry  slowly  Dioving  dnim.  to  show  the  luccenivc  effecu.  The  lower  ITaeing  ii 
ten  with  a  Htttr  apeed.     The  vertkal   lines  indiule  the  correspondence  of  tbe 

eaauie;    the    lower    absciBta    to    lero    pressure.     The    digitalis    is    injected   at   t. 


5.  A  picrotoxin  action:  stimulation  of  all  medullary  cen- 
ters, followed  by  depression. 

6.  A  local  irritant  action^  progressing  to  inflammation. 

7.  A  veratrin  action  on  skeletal  and  smooth  muscle. 

IV.  DETAILS  OF  ACTIONS, 

Circulation.! —  j^e  effects  of  digitalis  may  be  divided, 

especially  in  mammals,  into  two  well-defined  stages,  the 

therapeutic  and  toxic.     The  typical  phenomena  of  the  two 

stages  are  shown  in  Fig.  85. 

>  Consull  Exerciaea  49  and   61. 
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During  the  intravenous  injection  of  digitalis,  the  pressure  fails 
sharply  (a),  on  account  of  the  local  irritant  action  on  the  heart  and 
vessels.  This  does  not  occur  in  the  other  methods  of  administration. 
The  fall  is  not  at  all  lasting. 

The  therapeutic  tta^,  Fig.  85  (b  and  c),  and  Fig.  86b,  is 
characterized   by   a  considerable   rise  of  pressure  and  a 
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Fio.  86. — Blood-preuure  tracing!  under  digitalii,  to  ihow  aomc  of  the  trpei 
of  irTcsii[irit]>  in  tbe  Ionic  Mans.  A.  B,  C  and  D  represent  four  different  doss, 
(a)    it  tbt  normal  tracing!    (b)    Ibe  iherapeuiic   atige;   the   following   Icttcia   rep- 

stror^er  and  slower  heart  beat.     If  the  digitalis  action  is 
produced  rapidly,  it  may  be  seen  that  the  rise  precedes  any 
change  in  the  heart ;  it  is  therefore  due  largely  to  vasocon- 
I— 31 
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striction ;  and  it  can  be  readily  shown  that  this  is  due  largely 
to  a  direct  action  on  the  arterial  muscle,  although  the  vaso- 
motor center  is  stimulated  as  well.  The  slowing  is  absent 
if  the  animal  has  received  atropin;  it  is  at  most  very  slight 
if  the  vagi  have  been  simply  divided.  It  is  therefore  due  to 
central  vagus  stimulation  (partly  by  the  increased  blood 
pressure,  and  partly  by  a  picrotoxin  action).  The  increased 
force  of  the  heart  beat  is  due  in  part  to  the  vagus  stimula- 
tion; but  still  more  to  the  direct  stimulation  of  the  cardiac 
muscle;  for  it  occurs  also  in  atropinized  animals.  All  the 
chambers  of  the  heart  participate  in  these  actions;  but  the 
increase  of  force  is  greatest  in  the  ventricles,  particularly 
in  the  left. 

During  this  stage,  the  systolic  intracardiac  pressure  is  in- 
creased ;  the  heart  is  emptied  more  completely.  If  the  heart 
is  normal,  the  diastolic  expansion  is  also  increased.  More 
blood  is  therefore  thrown  out  at  each  beat,  and  also  in  a 
unit  of  time  (notwithstanding  the  slowing).  The  pulse  re- 
mains firm,  even  during  diastole.  Abnormal  dilation  of  the 
heart  is  lessened,  and  irregularities  tend  to  disappear. 

The  principal  feature  of  the  toxio  sto^  is  extreme  irregu- 
larity of  the  heart,  both  as  to  strength  and  rhythm  (Fig.  85 
rf,  and  Fig.  86) . 

The  toxic  action  is  often  ushered  in  by  a  very  slow  rhythm  (Fig.  9&, 
A,  b,  and  c),  due  to  extreme  central  vagus  stimulation.  This  is  fol- 
lowed by  a  series  of  the  most  varied  changes.  The  heart-rate  is  gen- 
erally increased.  The  quickening  is  not  due  to  paralysis  of  the  vagus, 
tor  It  occurs  even  in  the  excised  heart,  and  the  vagus  responds  to 
electric  stimulation.  It  is  caused  by  direct  stimulation  of  the  cardiac 
muscle. 

However,  the  picture  is  apt  to  change  from  moment  to  moment.  At 
times  the  beats  are  rapid  and  fairly  small  and  regular,  as  in  Fig.  86, 
B  c;  at  others,  Ihey  are  extremely  strong  and  slow,  and  the  heart 
may  stop  completely  for  a  time  (end  of  Fig.  85  and  during  d  of  Fig. 
86,  C).  This  is  evidently  due  to  extreme  vagus  stimulation.  More 
frequently,  however,  the  variations  concern  the  strength  of  the  beat, 
rather  than  the  rhythm. 

One  or  more  enormously  strong  beats  are  followed  by  very  much 
weaker  beats,  sometimes  quite  imperceptible  in  the  pulse,  which  is 
therefor  intermittent  (see  Fig.  86,  B,  e,  and  g).  These  phenomena 
recur  in  groups,  which  remain  fairly  regular  for  a  short  lime,  but  soon 
change  to  some  other  type,  as  may  be  seen  in  Fig.  86,  B  and  C.  These 
effects  are  sometimes  due  to  respiration.  In  other  cases,  however,  they 
are  cardiac.  They  are  also  seen  in  the  atropinized  heart,  and  are 
mainly  due  to  the  arythmia  of  the  auricles  and  ventricles  (Cushny, 
1899),  It  will  be  recalled  that  the  ventricular  contractions  are  nor- 
mally originated  by  the  auricular  contractions.  Toxic  doses  of  digi- 
talis seem  to  interfere  with  the  transmission  of  this  impulse,  and  at 
the  same  time,  they  raise  the  excitability  of  the  cardiac  muscle  to  snch 
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a  degree  that  contractions  can  originate  in  the  ventricles.  The  au- 
ricles and  ventricles  therefor  beat  independently ;  either  may  be  the 
more  rapid.  As  a  consequence,  the  contractions  will  sometimes  alter- 
nate, sometimes  coincide,  forming  groups  (see  Fig.  87).  If  the  auricu- 
lar systole  occurs  during  the  veniricular  diastole,  the  ventricles  will  be 
filled  with  blood  when  they  contract,  and  the  result  vriil  be  a  large 
pulse-wave;  it  the  auricular  and  ventricular  systole  coincide,  no  blood 
will  be  moved,  and  there  will  be  no  pulse  (see  vig.  87,  p).  This  is 
the  most  satisfactory  explanation  of  the  group  phenomenon.  A  fur- 
ther factor  may  come  ■  into  play:  it  is  probable  that  the  auricular 
stimulus  to  the  ventricle  is  not  completely  blocked  by  the  digitalin. 
If  the  auricular  and  independent  stimuli  coincide,  the  ventricular  con- 
tractii)n  would  be  strong;  if  they  interfere,  the  contraction  would  be 
weak  or  absent.  This  effect  would  support  that  previously  described, 
and  lead  to  the  same  kind  of  grouping. 

Other     occasional     irregularities     require     a     different     explanation. 
These  may  coincide  with  respiratory  variations,  and  indicate  a  rhythmic 


i!luitr»te    the    ifficl    of 


Stimulation  of  the  vagus  and  vasomotor  centers  (Fig.  85,  rf).  It  may 
also  happen  that  the  contractions  follow  each  other  so  rapidly  that  the 
ventricle  has  not  time  to  fill,  and  some  of  the  contractions  are  therefor 
ineffective. 

The  flnttl  phenomena  of  the  toxic  stage  also  vary  in  different 
cases.  Generally,  the  rate  continues  to  increase,  until  delirium  cordis 
results,  and  the  heart  stops  in  diastole.  More  rarely,  death  occurs  by 
e  vagus  stimulation,  as  in  Fig.  85. 


The  preceding  description  of  the  effects  of  the  digitalis 
group  on  the  circulation  must  be  supplemented  by  a  further 
study  of  some  of  the  expei^mental  evidence  on  which  it  is 
based.  For  this  purpose,  it  will  be  well  to  take  up  sepa- 
rately the  action  on  the  muscle,  vagus,  and  vasomotor  sys- 
tem. 
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The   direct   effect  of   DigUalis  on   the  Cardiac   Muccle   can  be 

studied  quite  well  on  the  frog's  heart}  The  phenomena  are  generally 
the  same,  whether  the  drug  is  applied  directly  to  the  exposed  heart, 
injected  into  the  lymph  sac,  or  perfused  through  the  excised  heart  by 
the  Williams  apparatus  (see  Exercises).  They  arc  not  affected  \rf 
airopin.  Similar  actions  are  produced  on  the  nerve  free  heart  of  the 
embryonal   chick.     They  are   therefor  purely  muscular. 

The  effects  are  illustrated  by  Fig.  88  (fl).  The  heart  is  slowed  hy 
lengthening  of  the  systolic  contractions,  which  are  also  more  powerful. 
The  output  of  the  heart  is  at  first  increased.  As  the  action  progresses, 
the  systole  becomes  longer  and  stronger,  and  the  ventricle  relaxes 
less  and  less  during  diastole,  retaining  a  remarkably  white  appearance. 
The  output  is  lessened.    Finally,  diastolic  relaxation  is  abolished  alto- 
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(o)   On   frog's  cardiac  miucle;   (t> 
I   lino,    blood.prcBiurc  and  output. 


gether,  and  the  heart  remains  tonically  contracted,  in  systolic  standstill. 
It  is  not  paralyzed,  at  this  time,  for  if  it  be  forcibly  distended,  it  will 
beat  again  powerfully.  Eventually,  however,  it  will  also  fail  to  respond 
to  this  stimulus,  but  it  remains  in  systole,  which  finally  passes  into 
rigor. 

The  digitalis  acts  much  more  powerfully  on  the  ventricle  than  on 
the  auricle.  The  engorged  appearance  of  the  latter  contrasts  strikingly 
with  the  white,  contracted  ventricle,  Arhythmia  results,  so  that  toward 
the  end.  the  auricles  make  several  beats  to  every  ventricular  contrac- 
tion.    They  stop  considerably  after  the  ventricle. 

Different  parts  of  the  ventricle  also  show  a  varying  susceptibility. 
The  apex  is  generally  found  in  permanent  systolic  standstill  when 
the  base  of  the  ventricle  is  still  beating.  Isolated  areas  or  rings  of 
permanent  contraction  may  be  scattered  over  the  heart;  the  contrac- 
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tions  may  appear  as  peristaltic  waves ;  the  two  halves  of  the  ventricle 
may  beat  with  differeni  rhythm,  etc.  These  peculiarities  are  referable 
to  differences  in  the  muscular  susceptibility.  If  the  vagus  is  not  pa- 
ralyzed, other  irregularities  may  appear,  owing  to  stimulation  of  the 
inhibitory  apparatus.  In  intact  animals,  the  heart  occasionally  shows 
a  temporary  diastolic  standstill,  from  central  vagus  stimulation.  Ja- 
cob/ noticed  that  the  external  application  of  digitalis  to  the  excised 
heart  caused  temporary  diastolic  standstill,  the  vagus  ternpinations 
apparently  being  stimulated  first. 

On  account  of  its  irritant  action,  the  local  application  of  digitalis 
may  also  cause  a  short  primary  quickening  of  the  beat. 

As  has  been  said,  the  typical  effects  of  digitalis  are  produced  in  the 
absence  of  nerves,  and  are  therefor  purely  muscular.  They  are  stimu- 
lant, for  the  heart  contracts  against  a  greater  resistance;  digitalis  also 
counleracli  the  elfecti  of  mutcular  depressants.  The  prolonged  and 
powerful  systolic  contraction  shows  that  digitalis  increases  the  lone 
of  the  cardiac  muscle,  somewhat  as  veratrin  increases  that  of  skeletal 
muscle.  The  effect,  as  u-ilh  veratrin.  is  exerted  on  ail  forms  of  muscle, 
cardiac,  smooth,  and  striped,  and  these  two  poiaons  have  the  greatest 
resemblance;  with  the  difference  that  digitalis  has  the  more  powerful 
action  of  cardiac  and  smooth  muscle,  veratrin  on  the  skeletal  (Bot- 
taiii.  1901). 

As  was  explained  under  veratrin,  poisons  which  stimulate  muscle 
act  first  upon  the  rapidly  contracting  fibrillary  substances,  later  upon 
the  siowly  contracting  sarcoplasm.  The  smaller  doses  therefore  cause 
a  greater  strength  of  the  heart,  with  little  change  of  rate;  larger  doses, 
stimulating  mainly  the  sarcoplasm  cause  strong  but  slow  contractions, 
with  lessened  relaxation:  and  very  large  doses  tix  the  organ  in  systolic 
position.  As  with  veratrin  on  muscle,  maximal  doses  again  paralyze 
the  muscle  entirely. 

The  Effect  on  the  Excised  Mammalian  Heart  (studied  on  Lan- 
gendorff  preparations  by  Hedbom,  1898 ;  Braun  and  Mager.  189Q ;  Gott- 
lieb and  Magnus,  1903)  agrees  with  the  frog's  heart  in  the  increased 
strength  of  the  systole:  however,  the  rate  is  not  slowed,  but  usually 
quickened.  Both  ventricles  participate  in  the  action.  The  first  effect 
consists  in  increased  amplitude  of  the  excursions ;  "mainly  of  the  systole. 
More  blood  is  thrown  out.  and  against  a  higher  pressure.  Any  ex- 
isting irregularities,  and  even  fibrillation,  are  removed.  The  tonus 
increases.    This  corresponds  to  the  therapeutic  stage. 

During  the  toxic  stage,  the  heart  becomes  irregular.  It  may  show 
a  temporary  diastolic  slowing,  due  to  peripheral  vagus  stimulation 
(this  is  therefor  absent  after  atropin).  This  passes  off,  but  the  heart 
finally  again  becomes  slowed  and  weakened,  but  now  with  a  marked 
systolic  tendency.  Finally,  fibrillary  contractions  develop,  and  the 
heart  stops  in  systole. 

In  Intact  Mammals,  the  cardiac  actions  are  complicated  by  vagus 
stimulation  and  by  the  indirect  effects  of  the  changes  of  blood -pressure. 
It  will  be  recalled  that  vagus  stimulation  slows  the  heart  and  increases 
the  diastole;  the  effect  is  therefor  the  opposite  of  digitalis  (see  Fig. 
S&.  b).  When  the  two  concur,  as  in  the  therapeutic  stage  of  digitalis, 
the  result  is  as  in  Fig.  88.  c:  i.  e.,  a  slower  beat,  with  much  greater 
amplitude,  systole  and  diastole  being  both  increased.  The  output  of 
blood  is  also  increased,  notwithstanding  the  slowing.'  The  auricles 
present  the  same  effects.  If  the  vagus  stimulation  is  eliminated  by 
.atropin,  the  results  are  the  same  as  in  the  excised  heart,  i.  c,  increased 
systolic  and  lessened  diastolic  excursion,  with  slight  increase  of  rate. 

The  irregularities  of  the  toxic  stage  have  been  sufficiently  discussed; 
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they  are  mainly  of  muscular  origin,  with  the  occasional  intermixture 
of  vagus  effects.  In  the  auricles,  the  inhibitory  action  tends  to 
predominate,  so  that  their  efficiency  is  impaired.  The  output  of  the  ven- 
tricles remains  good  for  a  time,  and  this,  together  with  the  vasocon- 
striction, maintains  a  high  blood-pressure.  However,  when  the  irregu- 
larity or  vagus  stimulation  becomes  extreme,  the  efficiency  of  the  heart 
is  impaired  and  the  pressure  falls.  This  in  turn  interferes  with  the 
coronary  circulation,  especially  since  the  coronary  vessels  participate 
in  the  vasoconstriction.  The  heart  then  succumbs  lo  the  combination 
of  anemia  and  digitalis  poisoning,  stopping  in  diastole.  (Systolic 
standstill  of  the  mammalian  heart  is  only  possible  if  the  coronary  cir- 
culation is  maintained,  i.  e.,  in  artificially  perfused  preparations.)  It 
is  important  to  bear  in  mind  these  indirect  actions  of  digitalis  on  the 
heart,  produced  by  the  changes  in  the  general  blood- pressure  and  in 
the  coronary  circulation. 

The  BlMd-Vessela.— Reference  to  Fig.  88  (c)  will  show  that  the 
cardiac  actions,  Che  increased  output  of  the  heart,  produces  a  rise  of 
blood-pressure.  Some  authors  have  been  inclined  to  consider  this 
an  adequate  explanation  of  the  phenomenon.  However,  the  pressure 
rises  before  the  heart  is  altered  (Fig.  8s,  b).  This  can  only  be  ex- 
plained by  a  vasoconstriction.  This  vasoconstriction  is  very  important 
in  the  therapeutic  use  of  digitalis.  Its  existence  may  be  demonstrated 
directly  in  many  different  ways,  perhaps  most  conveniently  by  measur- 
ing the  volume  of  organs,  or  by  observing  the  venous  outflow.  Both 
are  markedly  diminished  by  digitalis.*  The  effect  occurs  early  and  is 
very  persistent. 

Gottlieb  and  Magnus  (igoi)  have  investigated  this  action  very  thor- 
oughly. They  demonstrated  that  it  is  mainly  of  peripheral  origin. 
for  il  occurs  after  destruction  of  the  central  nervous  system,  and 
even  in  excised  organs.  Dixon  (1903)  found  that  it  can  be  produced 
even  when  the  nerve  endings  are  completely  paralyzed  by  apocodein ; 
the  action  is  therefor  directly  on  the  arterial  muscle,  analogous  to  the 
other  muscular  effects  of  digitalis.  It  is  diflicult  to  decide  whether 
there  is  in  addition  a  central  vasomotor  stimulation.  This  is  rendered 
probable  by  some  rather  sudden  changes  in  the  relative  constriction 
of  different  areas;  and  by  the  demonstrated  action  of  digitalis  on 
other  medullary  centers. 

The  vasoconstriction  is  most  pronounced  m  the  splanchnic  area,  the 
intestines,  spleen,  and  kidney  participating  in  it  very  strongly. 

In  (he  intact  animal,  the  T'cssels  of  the  periphery,  Ike  skin,  extremi- 
ties, and  brain  may  even  be  dilated.  This  dilation  is  not  a  direct  effect 
of  the  digitalis,  for  the  vessels  of  these  organs  are  constricted  if  the 
digitalis  is  perfused  through  them  directly.  The  dilation  results  from 
the  displacement  of  the  blood  from  the  powerfully  constricted  splanch- 
nic vessels  into  the  less  powerful  peripheral  vessels.  This  can  be 
shown  by  ligating  the  splanchnic  vessels  before  giving  the  digitalis : 
the  peripheral  vessels  will  then  be  constricted  by  the  drug.  Digi- 
toxin,  the  most  powerful  constrictor  of  the  group,  may  even  cause 
constriction  of  the  leg-vessels  in  the  intact  animal. 

The  dilatation  is  brought  about  partly  mechanically,  by  the  inter- 
mediation of  the  high  blood-pressure.  In  part,  however,  it  is  a  vaso- 
motor reflex,  for  some  dilation  occurs  when  the  leg  is  separated 
entirely  from  the  body,  with  the  exception  of  the  sciatic  nerve.  This 
arrangement  would  of  course  entirely  prevent  the  dilatation  if  it  were 
due  solely  to  the  mechanical  effects  of  the  increased  bloo'd- pressure. 

The  pulmonary  jrsscis  are  scarcely  affected  by  the  digitalis  (Ger- 
hardt,   1902)  ;  the  pressure  in  the  pulmonary  artery  rises   (but   not  as 
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much  as  in  the  aorta),  mainly  through  the  increased  force  of  the 
heart  (Plumier,  igos).  The  constriction  of  the  coronary  vessels  is 
quiie  powerful  In  the  case  of  digitoxin,  and  interferes  somewhat  with 
tlie  cardiac  stimulation.  Stroph^thin  does  not  have  this  effect  (O. 
Loeb,  1903). 

Diuretic  Action. —  In  normal  individuals,  digitalis  has 
very  little,  if  any,  action  on  the  secretion  of  urine.  In  heart 
disease,  however,  it  has  a  remarkably  strong  diuretic  effect, 
especially  in  the  presence  of  effusions.  The  water  and 
chlorids  are  especially  increased,  the  other  urinary  constitu- 
ents being  but  slightly  altered. 

The  negative  results  on  normal  animals  show  that  the 
effect  is  not  due  to  a  direct  action  on  the  kidneys.  The 
diuresis  coincides  in  time  and  duration  with  the  cardiac 
effects,  and  is  indeed  secondary  to  the  mechanical  changes 
in  circulation,  which  are  of  such  a  nature  as  to  favor  filtra- 
tion.' 

Most  orominent  amongst  these  favoring  factors  are  the  increased 
size  of  the  pulse-waves;  the  increased  output  of  the  heart;  the  lessened 
venous  jiressure ;  and  the  hydremia  resulting  from  the  absorption  of 
the  effusions.  These  conditions  cause  a  corresponding  increase  of  urine 
filtration  even  in  dead  kidneys  (Sollmann,  1905).  The  vasoconstrictor 
action  of  digitalis,  on  the  other  hand,  tends  to  produce  the  opposite 
effect.  The  perfusion  of  digitalis  through  the  excised  kidney  therefore 
lessens  the  urine.  These  opposing  factors  explain  the  varying  action 
of  digitalis  on  diuresis,  in  intact  animals. 

With  toxic  doses  of  digitalis,  the  constrictor  effect  predominates 
tinder  all  conditions,  the  urine  being  diminished  or  suppressed.  The 
irritant  action  of  digitalis  may  contribute  to  this  result,  for  the  scanty 
urine  is  often  blood,  and  there  are  other  evidences  of  a  nephritic 
action. 

With  therapeutic  doses,  the  favorable  and  unfavorable  actions  seem 
to  balance  each  other,  in  normal  indizfidtials,  since  the  quantity  of  urine 
is  not  changed.  In  cardiac  disease,  the  conditions  are  peculiarly  favor- 
able to  the  beiieficial  effects :  the  cardiac  action  is  then  much  larger, 
and  the  removal  of  the  effusions  and  venous  congestion  can  of  course 
occur  only  in  this  disease. 

The  diuretic  effect  of  digitalis  may  be  improved  by  lessen- 
ing the  vasoconstrictor  action.  This  may  be  accomplished 
by  employing  the  less  constricting  preparations;  the  infusion 
of  digitalis  instead  of  the  tincture  (the  former  containing 
relatively  less  of  the  constricting  digitoxin)  ;  strophanthus 
also  has  a  comparatively  small  constrictor  action :  or  the 
vascular  action  may  be  counteracted  by  the  administration 
of  nitroglycerin.  In  cardiac  disease,  digitalis  is  the  most 
effective  and  the  most  persisting  diuretic. 
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Plcrotoxin  Actions. —  The  stimulant  effects  on  the  vagus  and  vaso- 
motor cenlers  have  been  described.  The  respiratory  center  is  also 
stimulated,  but  this  effect  is  of  very  subordmale  importance.  The 
nauseating  effects  of  this  group  are  perhaps  also  partly  medullary,  but 
mainly  local.  Large  doses  would  probably  paralyze  the  medullary  cen- 
ters; but  it  is  difficult  to  demonstrate  this,  as  the  digitalis  produces 
more  violent  actions  indirectly,  through  the  circulatory  changes.  These 
probably  account  also  for  the  inconstant  effects  on  other  r 


Local  Action  of  Digitalis.— This  is  in  itie  nature  of  an  irritation. 
Digitalis  has  little  action  on  the  skin,  its  principal  effect  being  on  the 
mucous  membranes.  If  taken  internally  in  large  doses,  it  gives  rise  to 
gastritis  and  diarrhea.  This  is  of  some  little  importance,  as  it  may 
interfere  with  the  use  of  digitalis  in  certain  cases.  It  is  usually  taken 
as  a  sign  to  stop  the  digitalis,  to  safeguard  against  cumulative 
effects.  The  local  irritant  action  is  further  of  importance  in  that  it  in- 
terferes with  the  hypodermic  administration  of  digitalis.  In  many 
cases  this  causes  abscess  formation. 

Ouet  and  Dnration  of  Action;  CnmnlatiTe  Effect The  ac- 
tion of  the  digitalis  group  is  peculiar,  in  that  it  cannot  be 
sectired  at  once,  unless  toxic  doses  are  given  intravenously. 
If  this  is  done,  the  animal  goes  through  all  the  stages;  but 
even  in  this  case,  several  hours  are  usually  required  until 
death  occurs,  no  matter  how  much  of  the  drug  is  given. 

When  therapeutic  doses  are  given,  no  effect  whatever  can 
be  noticed  for  several  hours ;  and  the  full  action  is  only 
secured  when  the  drug  has  been  administered  for  several 
days.  On  the  other  hand,  it  persists  for  a  week  or  so  after 
the  administration  is  stopped.  This  applies  both  to  the 
cardiac  and  the  diuretic,  and  probably  also  to  the  vasomotor 
action.  In  other  words,  the  effects  of  digitalis  are  cumu- 
lative. If  this  very  important  fact  is  neglected,  and  the 
digitalis  pushed  to  secure  a  more  rapid  action,  the  cumula- 
tive effect  may  result  in  the  sudden  development  of  the  toxic 
stage.  This  stage,  in  which  the  pulse  is  quickened,  may  be 
mistaken  for  a  failure  of  digitalis  to  act;  and  lead  to  the 
temptation  to  further  increase  the  dose.  This  may  indeed 
temporarily  slow  the  heart,  but  it  will  inevitably  hasten  a 
fatal  ending.  In  the  therapeutic  use  of  the  drug,  it  is  neces- 
sary to  secure  the  cumulative  effect;  but  great  care  must 
be  exercised  so  that  this  does  not  exceed  the  therapeutic 
limit.  The  action  of  the  drug  should  therefore  be  very 
carefully  watched  by  the  physician. 

The  meclisnisin  of  the  cumulative  action  is  not  fully  understood. 
It  is  known  that  the  drug  is  absorbed  and  excreted  very  slowly ;  this 
may  partly  account  for  the  phenomenon.  Arrest  of  excretion  through 
anuria  may  explain   the  sudden  outbreak  of  the  toxic  effects  in  some 
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cases.  Further,  the  improvements  caused  by  digitatis  tend  to  be  self- 
perpetuating,  as  will  be  described  under  the  therapeutic  uses.  How- 
ever, the  long  delay  which  precedes  the  actions  when  moderate  doses 
are  given  intravenously  to  normal  animals,  indicates  that  the  cause 
of  the  phenomenon  lies  largely  within  the  muscle  cells,  1.  e.,  in  their 
slow  but  prolonged  response. 

V.  DIFFERENCES  IN  THE  MEMBERS  OF  THE  GROUP. 

The  at}^ical  members  —  alkalies,  veratrin,  and  barium  sails  —  resem- 
ble digitalis  only  when  they  are  used  in  small  doses  applied  directly 
to  the  frog's  heart.  H  used  in  larger  quantities,  they  paralyze  the  heart 
muscle  from  the  start  —  especialy  the  barium  salts  and  alkalies  —  and 
produce  diastolic  standstill. 

Ail  these  drugs  have  more  powerful  effects  on  other  parts  of  the  sys- 
tem. In  the  case  of  alkalies  and  acids  it  would  be  quite  impossible  to 
obtain  a  digitalis  action  by  oral  administration,  for  they  would  be  neu- 
tralized before  ihey  reached  the  heart. 

All  the  regular  members  of  the  digitalis  series  have  the 
typical  actions  which  have  been  described,  but  the  extent  to 
which  they  act  upon  the  three  systems  —  vagus  center,  car- 
diac muscle,  and  vasomotors) — differs  in  the  different 
members  of  the  group;  and  this  is  of  great  practical  im- 
portance, because  it  limits  their  employment  in  several 
cases  and  makes  one  more  useful  than  another.  The  sub- 
ject has  scarcely  been  sufficiently  investigated  experimental- 
ly, especially  with  regard  to  the  effect  upon  the  total  circu- 
lation (as  could  be  done  by  circulation  time  and  similar 
methods).  Therapeutically  it  is  often  found  that  one  mem- 
ber will  do  harm,  whilst  another  will  prove  beneficial. 

The  cardiac  effects  are  fairly  uniform;  the  differences 
concern  mainly  the  other  actions.  Only  the  more  prominent 
drugs  can  be  considered,  our  knowledge  of  the  others  being 
too  scanty,  Digitoxin  and  erythrophlein  have  the  strongest 
local  and  gastrointestinal  action.  Digitoxin  is  the  most 
powerful  vasoconstrictor,  and  shows  the  greatest  tendency 
to  cumulative  action.  The  other  digitalis  principles  possess 
these  actions  to  a  lesser  degree;  and  strophanthus  is  the 
weakest  in  al!  these  respects.  Of  the  digitalis  preparations, 
the  tincture  produces  these  side  actions  more  powerfully 
than  the  leaf  or  the  infusion.  In  scilla  and  euonymus,  the 
local  actions  predominate  so  strongly,  that  the  former  is  em- 
ployed mainly  as  a  nauseant,  the  latter  as  a  cathartic.  Apo- 
cynum  agrees  quite  closely  with  digitalis  (Wood,  1904). 

The  local  action  of  digitoxin  practically  preclude  its  use  hypo- 
dermicaliy:  digitatein  may  be  administered  in  this  manner.  The  vaso- 
constriction is  very  important,  being  sometimes  desired,  and  s 
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harmful,  especially  when  the  diuretic  action  is 
live  Mtion  is  produced  by  all  members,  but  in  : 
dicated  above  (Fraenkel,  1903). 


VI.  TOXICOLOGY. 

The  toxic  effects  of  digitalis  are  important,  since  they 
may  arise  suddenly  during  the  continued  therapeutic  use  of 
the  drug,  even  when  ordinary  doses  are  given.  The  syjiip- 
tonts  have  been  described :  nausea ;  vomiting ;  diarrhea ;  fast, 
irregular,  intermittent,  small  pulse;  and  variable  nervous 
disturbances.  There  are  no  characteristic  postmortem 
lesions,  except  possibly  some  gastroenteritis. 

As  to  the  treatment  of  digitalis-poisoning,  this  should  be 
mainly  prophylactic  —  i.  e.,  directed  to  the  avoidance  of  the 
cumulative  action.  This  can  be  best  done  by  intermitting 
the  digitalis  for  several  days  at  a  time,  and  then  giving  it 
again  for  a  few  days,  and  so  on.  The  dose  should  be  cut 
down,  not  increased,  wheii  the  pulse  becomes  rapid. 

When  the  poisoning  has  actually  set  in,  and  there  is  rea- 
son to  suppose  that  digitalis  is  still  contained  in  the  stomach, 
this  should  be  evacuated.  The  rest  of  the  treatment  is 
purely  symptomatic;  general  stimulants  should  be  given, 
because  the  danger  in  digitalis-poisoning  is  mainly  on  ac- 
count of  its  action  on  the  medullary  centers;  or,  at  least, 
very  little  can  be  done  for  its  action  on  the  heart.  If  the 
blood-pressure  is  high,  one  may  counteract  the  constriction 
of  the  vessels  by  nitroglycerin. 

VII.  THERAPEUTIC  USES. 
The  first  stage  of  the  digitalis  action  is  the  only  one  in- 
tentionally induced  for  therapeutic  purposes.     In  order  to 
appreciate  its  indications,  it  will  be  well  to  recall  its  phe- 
nomena.    These  are : 

1.  Slowing  of  the  heart,  with  systole  and  diastole  both 
lengthened. 

2.  Increased  strength  of  beat,  leading  to  greater  efficiency 
of  the  individual  contractions,  and  to  an  increase  in  the  total 
efficiency  (greater  outflow  per  unit  of  time  and  greater  pres- 
sure) .  This  effect  is  most  conspicuous  on  the  left  ventricle, 
less  on  the  right,  least  on  the  auricle. 

3.  A  tendency  to  the  systolic  phase. 

4.  A  rise  of  blood  pressure,  due  mainly  to  the  increased 
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action  of  the  heart,  but  partly  also  to  a  vasoconstriction. 
In  consequence  of  the  latter,  there  is  somewhat  increased 
resistance  in  the  circulation. 

In  consequence,  digitalis  is  indicated  in  all  conditions  of 
rapid  pulse  vnth  low  blood  pressure.  It  is  especially  useful 
in  valvular  disease  of  the  heart  by  causing  compensation,  by 
preventing  the  reflux  of  blood,  and  by  relieving  conges- 
tion. 

In  order  to  understand  the  manner  of  its  action  in  these 
conditions  it  will  be  well  to  briefly  review  the  phenomena 
produced  by  these  lesions  on  the  simplest  case,  viz.,  mitral 
uuvfflciency. 

The  diagram  (Fig.  89)  will  serve  to  illustrate  these 
points.  When  an  in- 
sufficiency of  the  mi- 
tral valve  exists, — 
when  this  cannot  close 
the  auriculo-ventricu- 
lar  orifice, —  the  ven- 
tricular systole  will 
not  empty  the  entire 
contents  of  this  cham- 
ber into  the  aorta ;  a 
part  of  the  blood,  in- 
stead of  taking  the 
normal  path  through 
the  greater  circulation, 
will  be  pumped  to  and 
fro  between  the  auri-  ^°-  ss-^'w-m  of  drcuLu™. 

cle  and  ventricle.  What  will  be  the  result?  Following 
the  direction  of  the  stream,  there  will  be  throughout  the 
circulation  a  lessened  amount  of  arterial  blood,  which  im- 
plies lessened  nutrition.  All  the  organs  will  perform  their 
functions  less  thoroughly  on  account  of  this.  The  heart 
muscle  will  become  weaker  through  the  lessened  coronary 
circulation.  There  will  be  a  tendency  to  degeneration  of 
its  muscular  fibers.  The  kidneys  will  secrete  less  urine. 
The  anemia  of  the  intestines  will  interfere  with  digestion 
and  absorption.  There  will  be  a  similar  interference  with 
the  nutrition  of  the  liver  and  with  its  functions. 

In  the  reverse  direction,  the  regurgitation  of  blood  from 
the  ventricle  into  the  auricle  will  oppose  the  emptying  of 
the  pulmonary  veins.     This  produces  congestion  of  the 
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lungs ;  the  amount  of  blood  flowing  through  the  lungs  will 
be  diminished,  consequently  less  oxygen  will  be  carried ;  so 
that  the  arterial  blood,  which,  as  we  noticed  before,  was 
diminished  in  amount,  will  also  be  diminished  in  oxygenat- 
ing power.  This  congestion  of  the  lungs  tends  to  pulmo- 
nary effusions  and  edema. 

The  passive  congestion  will  not  stop  here,  but  extend  to 
the  right  ventricle,  to  the  right  auricle,  thence  to  the  hepatic 
circulation,  and  to  all  the  abdominal  viscera.  The  venous 
congestion  interferes  with  the  nutrition  and  functions  of  the 
organs.  (The  function  of  the  kidney  can  be  entirely 
stopped  by  ligating  the  veins  coming  from  it ;  and  the  urine 
flow  varies  with  the  rapidity  of  the  circulation  through  the 
kidneys.)  This  venous  congestion  also  leads  to  edema  and 
effusion,  just  as  does  ligation  of  the  veins. 

The  valvular  defect  therefore  interferes  luith  nutrition  in 
three  umys:  By  the  lessened  amount  of  blood  thrown  into 
the  aorta;  by  the  lessened  oxygenating  power;  and  by  the 
venous  congestion. 

The  heart  is,  perhaps,  the  first  organ  to  suffer  under  these 
conditions.  Consequently  it  will  become  weaker  and  weak- 
er, and  in  becoming  weaker  it  will  render  the  conditions 
worse,  establishing  in  this  way  a  kind  of  endless  chain,  a  cir- 
culus  viciosus.  Further,  the  edemas  will  interfere  mechan- 
ically with  the  movements  of  the  heart. 

These  are,  in  brief,  the  conditions  which  have  to  be  met. 
This  the  heart  itself  attempts  to  do  by  hypertrophy,  and  as 
long  as  the  hypertrophy  is  sufficient  it  is  useless,  and  may 
even  be  harmful,  to  employ  any  drug.  But  let  us  suppose 
that,  from  any  cause,  the  compensation  has  become  insuffi- 
cient. This  may  be  from  extra  work  thrown  upon  the  heart, 
from  an  extra  congestion  through  a  cold,  or  from  any  other 
cause.  As  has  been  seen,  even  a  temporary  deficiency  will 
lead  to  a  continuous  and  ever-aggravating  chain  of  symp- 
toms, and  herein  lies  its  danger.  This  may  be  prevented 
by  digitalis,  or  the  chain,  if  already  started,  may  be  broken 
by  it,  and  reversed.  It  will  be  remembered  that  the  thera-  ■ 
peutic  action  of  digitalis  results  in  stronger  contractions  of 
the  heart,  in  prolonged  phases  of  systole  and  diastole,  and, 
in  consequence,  in  a  rise  of  blood  pressure.  If  the  heart 
contracts  more  strongly  —  and  we  take  this  to  be  the  prin- 
cipal action  of  digitalis  —  a  larger  amount  of  blood  will  be 
thrown  into  the  aorta  and  coronary  circulation.     The  first 
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effect  will  be  an  improved  nutrition  of  the  heart.  This  in 
itself  will  again  cause  the  heart  to  contract  more  powerfully, 
and  an  endless  chain  of  improvement  will  replace  that  of 
weakening.  The  tonic  action  —  the  fact  that  the  digitalis 
tends  to  produce  a  permanent  systolic  condition  —  aids  in 
this  result  in  that  it  narrows  the  rings  of  the  valves,  brings 
them  together,  narrows  the  orifice,  and  in  this  way  abolishes 
the  effects  of  the  distention  and  tends  to  lessen  the  insuffi- 
ciency. 

Since  the  heart  pumps  more  blood,  the  whole  arterial 
system  will  be  distended  and  more  blood  will  be  forced 
through  the  vessels.  In  the  case  of  the  kidneys,  this  will 
lead  to  an  increased  secretion  of  urine;  in  the  case  of  the 
intestinal  organs,  to  improvement  in  digestion  and  absorp- 
tion, and  this  to  improvement  in  the  general  condition  of 
the  patient. 

The  venous  congestion  will  tend  to  be  relieved.  This 
relief — as,  in  the  reverse  case,  the  drag  —  will  fall  in  the 
first  place  upon  the  lungs,  and  bring  about  better  oxygena- 
tion. The  lowering  of  the  venous  pressure  will  tend  to 
cause  absorption  of  the  effusions,  and  the  heart,  not  being 
interfered  with,  will  work  more  efficiently.  The  absorption 
of  the  effusions  will  render  the  blood  more  watery;  and 
this,  with  the  other  actions  of  digitalis,  will  increase  the 
elimination  of  urine;  this  in  turn  will  facilitate  the  elimina- 
tion of  the  effusions.  So  that,  just  as  the  heart  went  down- 
ward by  the  interaction  of  the  different  causes  when  com- 
pensation became  insufficient,  it  will  continue  the  improve- 
ment through  the  interaction  of  these  same  causes  applied  in 
reverse  direction,  once  it  is  started  on  this  track  by  digitalis. 
The  oft-repeated  stimulation  of  the  cardiac  muscle  by  digi- 
talis also  favors  hypertrophy  of  the  myocardium,  even  in 
normal  animals  {Wynn,  1904).  For  all  these  reasons,  the 
results  of  digitalis  are  more  or  less  permanent ;  they  last  even 
after  the  remedy  has  been  stopped.  All  that  is  necessary  is 
to  re-establish  compensation,  and  the  heart  may  be  relied 
upon  under  ordinary  conditions  to  maintain  it.  After  com- 
pensation has  once  been  re-established,  the  employment  of 
digitalis  is  contraindicated,  from  the  fact  that  it  causes  con- 
striction of  the  blood  vessels.  Relapse  may,  of  course,  oc- 
cur through  the  same  causes  as  primary  insufficiency,  and 
will  then  again  require  the  drug. 

The  vaiooonitrictor  action  of  digitalis  would  seem  to  be  an 
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undesirable  side  action  in  its  employment  in  cardiac  disease ; 
for  it  must  increase  the  work  of  the  heart,  when  it  is  desired 
to  make  this  as  light  as  possible.  It  must  also  interfere 
very  seriously  with  the  diuretic  action.  The  less  constric- 
ting members  of  the  group,  notably  digitalein  and  strophan- 
thus,  have  therefore  been  preferred  by  some;  or  the  con- 
striction may  be  counteracted  by  the  simultaneous  use  of 
nitrites  (which  must  be  given  much  more  frequently  than 
the  digitalis,  since  their' action  is  less  lasting).  Clinical 
evidence  is  somewhat  contradictory  on  this  point;  it  seems 
certain  that  strophanthus  sometimes  fails  when  digitalis  suc- 
ceeds, and  vice  versa.  It  is  quite  possible  that  sometimes 
the  increase  of  blood  pressure  is  of  more  importance  than 
the  added  resistance  to  the  heart ;  whilst  in  other  cases,  the 
opposite  is  true.  However,  it  seems  fairly  certain  that  the 
vasoconstrictor  action  is  contraindicated  when  the  cardiac 
disease  is  complicated  by  nephritis. 

Other  fontu  of  isanSeiency What  has  been  said  in  re- 
gard to  the  action  of  digitalis  on  mitral  insufficiency  applies 
with  equal  force  to  insufficiency  anywhere  else  in  the  circu- 
lation; for  since  the  circulation  is  a  closed  system,  it  does 
not  matter  greatly  where  the  additional  force  is  applied  or 
where  the  leak  is  —  the  result  will  in  all  cases  be  nearly 
the  same.  Digitalis  is  similarly  useful  in  most  cases  of 
stenosis.  The  increased  resistance  in  this  case  leads  to  the 
same  results  as  the  leakage  in  the  case  of  insufficiency,  and 
can  be  combated  by  the  same  method :  viz.,  by  strengthening 
the  beat  of  the  heart. 

The  only  valvular  disease  in  which  digitalis  may  give 
unfavorable  results  is  mitral  stenosis.  It  will  be  remem- 
bered that  digitalis  acts  comparatively  weakly  upon  the 
auricles,  much  more  strongly  on  the  ventricles.  Conse- 
quently a  mitral  stenosis  cannot  be  affected  by  action  on 
the  left  auricle,  but  only  through  the  right  ventricle.  This 
increased  work  of  the  right  ventricle,  combined  with  the 
stenosis  of  the  mitral  valve,  will  tend  to  produce  congestion 
of  the  pulmonary  vessels,  consequently  to  lessen  the  oxy- 
genation of  the  blood,  and  in  this  way  may  interfere  with 
the  nutrition  of  the  heart.  Then,  again,  the  systolic  ten- 
dency of  the  digitalis  will  render  the  stenosis  more  marked, 
just  as  it  counteracted  insufficiency  by  approaching  the 
valvules.  On  the  other  hand,  the  cardiac  slowing  will  give 
the  lungs  more  time  to  empty  into  the  heart.     Some  con- 
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dittons  of  the  action  of  digitalis  are  therefore  favorable, 
others  unfavorable;  and  the  effect  upon  patients  is,  in  con- 
sequence, variable.  Some  cases  of  mitral  stenosis  are  bene- 
fited by  digitalis,  others  are  even  made  worse.  The  digi- 
talis must,  therefore,  be  carefully  watched,  and  if  it  is  seen 
that  the  symptoms  are  not  improved,  it  should  be  omitted 
and  replaced  by  other  remedies:  If  the  symptoms  arising 
from  low  blood  pressure  predominate,  it  would  be  well  to 
employ  vasoconstrictors ;  if  those  from  a  weakened  heart, 
vasodilators. 

Another  condition  in  which  caution  in  the  use  of  digitalis 
is  recommended  is  aortic  insufficiency.  It  is  said  that  in 
this  condition  the  prolonged  diastole  will  give  the  blood  in 
the  brain  a  chance  to  gravitate  back  into  the  heart,  and  thus 
produce  syncope.  It  is  difficult  to  say  just  how  much 
weight  can  be  placed  on  this.  At  any  rate,  it  would  justify 
the  caution  of  keeping  the  patient  in  bed  so  as  to  avoid  the 
upright  position.  No  harm  will  be  done  by  this;  on  the 
contrary,  the  rest  can  only  be  beneficial. 

The  occurrence  of  syncope  on  changing  suddenly  from 
the  prostrate  to  the  upright  position  is  not  rare,  under  the 
influence  of  digitalis,  even  with  other  lesions;  the  patient 
should  be  cautioned  as  to  this.  The  mechanism  of  this  phe- 
nomenon is  obscure. 

It  must  be  remembered  that  the  most  useful  effects  of 
digitalis  are  produced  by  a  stimulation  of  the  cardiac  mus- 
cle. As  a  result  of  the  better  nutrition  produced  in  this 
manner,  the  muscular  fibers  may  afterward  hypertrophy, 
or  new  fibers  may  possibly  be  formed;  but  the  primary  ac- 
tion of  digitalis  itself  is  confined  to  the  already  existing 
muscle;  consequently  it  will  be  of  no  use  if  there  is  prac- 
tically no  muscle  left  to  respond  to  it.  It  is  therefore  use- 
less with  a  heart  which  has  undergone  marked  fatty  de- 
generation. And  in  this  condition  it  is  even  contraindi- 
cated,  on  account  of  the  vasoconstriction.  Probably  the 
best  treatment  consists  in  the  attempt  to  favor  the  oxida- 
tion and  removal  of  the  fat  by  carefully  graduated  exercise. 
Regarding  the  use  of  digitalis  in  aneurysm:  the  sudden  dis- 
tention of  the  aneurysmal  sac  by  a  larger  mass  of  blood, 
which  would  be  the  result  of  digitalis,  is  exactly  contraindi- 
cated.  The  only  reason  why  digitalis  has  not  done  more 
harm  in  this  way  is  that  it  has  not  generally  been  used  in 
large  enough  doses  to  have  a  marked  effect, 
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Whilst  the  favorable  action  of  digitalis  on  the  heart  is 
most  pronounced  in  organic  lesions,  it  has  also  a  considera- 
ble value  in  functional  diseases,  arythmia,  palpitation,  etc., 
and  when  the  heart  is  depressed  by  poisons.  It  will  be  re- 
called that  these  eiTects  are  also  seen  in  animals. 

Digitalis  is  sometimes  employed  in  fevers.  In  a  number 
of  these — e.  g.,  in  diphtheria  —  the  heart  is  directly  weak- 
ened in  a  manner  which  would  be  exactly  counteracted  by 
digitalis.  Here,  also,  the  vasoconstriction  is  contraindi- 
cated  (unless  there  is  also  vasomotor  paralysis,  as  is  often 
the  case).  In  certain  fevers  the  heart  is  very  much  quick- 
ened, but  without  any  weakening.  These  would  not  re- 
quire digitalis,  but  rather  aconite. 

The  vasocojiBtrictioii  itself  may  be  valuable  in  some  con- 
ditions. In  acute  vasoconstrictor  paralysis  —  as  from 
shock  —  strychnin  would  be  more  useful,  since  it  acts  more 
quickly.  Digitalis  would  only  be  preferred  against  more 
persistent  vaso-paralysis,  such  as  that  producing  one  kind 
of  dropsy. 

The  local  actions  are  employed  in  very  few  members  of 
the  group :  in  the  case  of  squills,  as  a  diuretic  and  nauseant 
expectorant;  and  in  the  case  of  euonymus  (wahoo),  as  a 
cathartic. 

Admutntioii —  Digitalis  is  ordinarily  administered  by 
moflth,  in  the  form  of  the  tincture  or  infusion.  0,10  to 
0.2D  Gm.  (iyi  to  3  grs.)  of  drug  [i  c.  c.  (15  tit,)  of  Tinct. 
=  8  c.  c.  (23  of  infusion]  are  given  two  or  three  times  a 
day,  continuing  for  ten  days,  then  intermitting  for  four 
days,  to  avoid  cumulative  action.  The  dosage  may  be 
gradually  diminished.  The  administration  must  be  sus- 
pended if  gastrointestinal  symptoms  occur,  or  if  the  pulse 
becomes  fast,  hard,  and  irregular.  The  patient  should  be 
seen  at  least  daily.  If  the  drug  is  not  borne  by  the  stomach, 
it  may  be  used  by  enema  (o.i  to  d.6  Gm.  in  50  c.c.  of 
water,  once  a  day). 

The  therapeutic  use  of  the  isolated  digitalis  constituents 
has  been  strongly  endorsed  by  some  clinicians,  whilst  others 
do  not  favor  them. 

Vni.  MATERIA  MEDICA. 

I.  DigltaliB  (U.  S.  P.)  [Digitalis  Foil*.  KP.].—  Forglove.—  The 
leav«  of  the  second  year's  growth  of  Digitalis  purpurea,  Scrophula- 
riacex;  Europe  (and  cultivated). 
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The  activity  of  different  commercial  samples  of  Digitalis  varies 
enormously.  Of  two  lots  under  examination,  one  was  is  limes  [1]  as 
strong  as  another. 

Digitalis  leaves,  cultivated  in  the  United  States,  are  fairly  active. 

Dose:  0.065  Gm.  =  i  gr,  (U.S.  P.). 

Other  species  of  digitalis  are  also  active. 

Extraclum  Digitalis  (U.  S.  P.).— The  fluidextract  evaporated  to  a 
pilular  consistence.    Dose:  10  mg.  =  >i  gr.  (U.  S.  P.). 

Fluidextractum  Digitalis  (V.  S.  P.). —  Half-alcohol ;  miscible  with 
water  and  alcohol.    Dose:  0.05  c.  c.  ^  1  ni.  (U.  S.  P.). 

Tinclura  Digitalis  (U.S.  P..  10%;  B.  P.,  I2^%)  ;  hal  f- alcohol ;  misci- 
ble with  water  and  ale.  Dose:  0.3  to  1.5  c.c.  (S  to  30  ni.)  i  c.c.^ 
15  ni.,  U.S.  P.).    Used  mainly  for  cardiac  action. 

Infusum  Digitalis  (U.  S.  P„  B.  P.).— 1.5%.  Base:  4  to  15  c.c,  (i  10 
4  drachms)  (8  cc.^23.,  U.  S.  P.).  This  preparation  must  not  be 
boiled  (boiling  for  three  hours  destroys  the  activity  almost  entirely). 
Used  mainly  for  diuretic  action. 

a.  DigiUlla  principle*:  On  account  of  their  expense  and  the  in- 
solubility of  the  greater  number  in  water,  they  have  not  received  exten- 
sive trial.  It  seems,  however,  doubtful  whether  they  are  at  all  superior 
to  the  galenic  preparations.  The  "  principles  "  on  the  market  are  for 
the  most  part  prepared   from  the  seed.    They  are  generally   impure 


Of  the  many  that  are  sometimes  recommended,  the  following  may 
be  selected : 

*  Digitoxin  (verum). —  Insoluble  in  water.  Dose:  0.3  to  0,6  mg. 
('/■o  to  '/i«  grain). 

'  DisHalein  (verum).— Soluble  in  water  and  alcohol.  Dose:  1  to  2 
mg.   (y«  to  Vi.  grain). 

*Digilalimtm  Germanicum  (mixture).— Soluble  in  water  or  alcohol. 
Dose:  i  to  2  mg.  ('/«  to  '/«  grain).  (Large  doses  of  digitalin  (3  mg.) 
cause  hyperpyrexia  to  4°  C.  The  cause  of  this  is  not  known,  but  it 
may  be  due  to  a  local  action.    Such  doses  would  be  dangerous.) 


3.  Plants  from  Family  of  Apocynaces: 

Sfrophanthua  (U.  S.  P.)  {Strophanthi  Semina,  B.P,].— The  ripe 
seed  of  Siropkanthus  Kambe.  Central  and  western  Africa  (used  by 
natives  as  arrow  poison)..    Strophanthin,  etc. 

Other  species,  some  entirely  devoid  of  glucosids  or  action,  are  some- 
times substituted  for  these. 

Tinctura  S.  (U.  S.  P.,  10%;  B.  P.,  2^%);  two-thirds  alcohol;  mis- 
cible with  water  and  alcohol.  Dose:  0.3  to  0.6  c.c.  (5  to  10  minims) 
(o.S  c.C.  =  8  ni.,  U,  S.  P.).  Seems  to  deserve  preference  over  Digi- 
talis for  all  purposes. 

Exiraetum  Strophanthi  (B.  P.).— £)o«.-  0.015  to  0.06  Gm.  (^  to  i 
grain). 

SlrophanlhinKm  (U.  S.  P.). —  A  glucosid,  or  mixture  of  glucosids, 
obtained  from  Strophanihus.  Most  samples  consist  largely  of  pseudo- 
strophanthin,  which  is  nearly  twice  as  active  as  the  true.  Dose:  0.3 
mg.  =  y„  gr.  (U.S.P.). 

Apocynum  (U.S.P.). —  Canadian  Hemp. —  The  root  of  Apocynunt 
canniAirtttm. 

'  Other  species.    North  America. 

Fluidextractum   A.    (U.  S.  P.). —  Two-thirds  alcohol,   with   glycerin. 


Study  M>lcri>   MtdiM  Lenon   38. 
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Miscible    with   water  and   alcohol.    Dose:    03  c. c.    (s   minims);   as 
emetic,  I  to  2  c.  c.   (15  to  30  minims)   (l  c.c.  =  15  Tti.,  U.  S.  P.). 
'Oleander. —  Leaves  of  Neriutn  Oleander,  Mediterranean.     Olean- 


drin.    Since  this  tree  is  often  cultivated  as  ao  ornament,  it  may  give 
rise  to  accidental  poisoning. 

4.  Family  of  Liliaeea: 

Scilla  (U,S.P.,  B.¥.).—  SquitU.—  lhe  bulb  of  Vrginea  moHHma, 
Mediterranean.  Sciltiloxin,  etc, ;  mucilage.  May  be  administered  as 
'  Infusion,  i  :  20.     Dose  of  infusion :  1.5  to  5  c.  C.  (^  to  I'/i  drachms). 

/tcelum  S.  (U.S-P.,  10%;  B.  P.,  12.$%).— Dose:  0.6  to  3  c.c.  (10 
to  45  minims)    (i   c.  c.  =  15  "1-.  U-  S.  P.). 

Fhidexiractum  S.    (U.  S.  P.).— Diluted  acetic  acid.    Dose:  0.06  to 
0.3  c.c.  (I  to  5  minims)   (o.i  c.c.  =  iK  m.,  U.S.?.). 
*  Infusion,  I  :  ao.    Dose  of  infusion:  l.s  to  5  c.c.  (J^  to  i]4  drachms). 

TinciMra  S.  (U.  S.  P..  10% ;  B.  P.,  20%) ;  three-fourths  alcohol.  Dose: 
aa  to  z  c.c.  (s  to  30  minims)  (i  C.c.  =  15  ni.,  U.S.  P.).  Best  prep- 
aration for  diuresis. 

Syrufius  ScHla  (U.  S.  P..  B.  P.).—  4.5%  (contains  acetic  acid).  Dose: 
2  to  4  c,  c.  Oi  to  I  drachm)  (2  c.c.  =  30  m.,  U.  S.  P.);  best  prepara- 
tion for  nauseant, 

Syrupus  Scilla;  Comp.  (U.  S.  P.).— (Hive  Syrup.)— Contains  Anti- 
mony  (see  Index). 

0:rymel  Scilla   (B.  P.).— 10%.     Dose:  2  to  4  c.c.   {T4  to  I  drachm). 

Pilula  Scilla  Comp.  (B.  P.). —  Contains  Ginger  and  Ammoniac. 
Dose:  0,25  to  0,5  Gm.   (4  to  8  grains). 

Pitula  Ipecacuanha  cum  Scilla  (B.  P.),— Contains  5%  each  of  Opium 
and  Ipecacuanha.     Dose:  0.2S  to  0.5  Gm.    (4  to  8  grains). 

Convallarla  (U.  S.  P.).— Li7y  of  the  FoH?y.— The  root  of  Convat- 
laria  majalis;  Europe,  cultivated.  Convallamarin  (digitalis  action) 
and  Convallarin  (saponin  action)    (Pouchet  and  Chevalier,  1903). 

Fluidextractum  (U.  S,  P.). —  Two-thirds  alcohol.  Dose:  0.3  to  I  c.c 
(5  to  15  minims)    (0.5  c.c.  =8  iri-,  U.S.  P.). 

*  E-rtraclum  C.  Florum  Fltiidum,  N.  F. 

*  Pidygonatum. —  Solomon's  Seal. 

*  Smilacina. —  False  Solomon's  Seal. 


$.  Family  of  Rannueulace<t: 

*  nelleboms  nigcr.— The  root;  Europe.    Helleborein,  Helleborin. 
The  former  is  soluble  in  water  {insoluble  in  picohol)  and  holds  forth 

promise  for  hypodermic  administration.    Dose:  Helleborus,  0.3  to  1.3 
Gm.  (s  to  20  grains);  Helleborein,  0.01  Gm.  (Ji  grain). 

*  Adbnis  vemalls. —  Europe. 

*  ,4rfonirfin.— Soluble   in   water   and  alcohol.    Dose:  0.005  to  0.015 
Gm.   (■/■»  to  S4  grain). 

6.  Other  Families: 

*  Erythrophlcum.—  The  bark  of  E.  guineense,  Leguminosae ;  Africa 

(Sass/  Bark). 

*  Ttnitura  E. —  10%.     Dose:  0.3  to  0,6  c.  c.  (5  to  10  minims). 
*ErylhrophleiH.—  So\\th]t   in   water  or  alcohol.    Dose:  0.03  to  0.06 

Gm.  ('/,  to  I  grain). 

Euonymus    (U.  S.  P.). —  JVahoo. —  Root-bark.     Euonymus  atropur- 
pureus.  Celasirinex;  North  America.    *  Other  species.    Dose:  3  to  4 
Gm.  (yi  to  1  drachm). 
*  Not  official. 
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Exiraclum  Eiwnymi  (U.  S.  P.).— Powdered;  four  times  as  strong 
of  the  fluidext.  Dose:  ai  to  0.3  Gm.  (2  to  5  grs.)  {0.125  Gtn.  =  a 
grs.,  U.  S.  P.). 

Fluidextractum  Euonymi  (U.  S.  P.)  —  Fourt-ftfths  alcohol  Dote: 
o,s  c,c.=8  m.  (U.S.  R). 

'Elixir  £.,  N.  R— 15%.    Dose:  15  c.c.  OA  ounce). 

*  Euonymin. —  Dose:  0.03  to  0.2  Gm.   (M  to  3  grains). 

Euonymus  preparations  are  used  as  purgatives. 
•  Not   oScUl. 


CHAPTER  XXIII. 

ERGOT  AND  SAPOTOXIN  GROUPS;  SUMMARY 
OF  TREATMENT  OF  COUGH. 

(A)  ERGOT  GROUP.' 

I.  THE  COMPOSITION  OF  ERGOT. 

The  composition  of  ergot  is  even  more  obscure  than  that 
of  digitalis.  It  contains  at  least  three  active  substances, 
with  distinct  actions ;  but  these  are  difficult  to  isolate,  since 
they  are  amorphous,  and  devoid  of  well-marked  chemic 
characters.     Moreover,  they  are  very  unstable. 

Robert  (1884,)  named  these  principles;  {i)  ergotinic  add  (sclero- 
tinic  aci<i),_  a  nitrogenous  glucosid  possessing  an  action  similar  lo  that 
of  sapotoxin;  (3)  an  alkaloid  cornulin.  which  has  a  convulsive  action 
similar  to  picrotoxin,  and  a  veratrin  action  on  muscle;  (3)  a  resinous 
non-nitrogenous  principle,  sphaceltnic  acid,  responsible  for  the  gangrene 
and  uterine  effects. 

Jacobj  (i8g7),  whose  conclusions  are  now  generally  accepted,  agrees 
to  the  ergotinic  acid  and  cornutin  of  Robert ;  but  it  would  seem  that  this 
comutin  is  a  mixture  of  alkaloids.  Jacobj  also  found  another  alkaloid, 
secalitt,  which  in  itself  is  inactive.  The  sphacelinic  acid  of  Robert  is 
found  to  be  a  mixture.  He  isolated  from  it  two  elementary  princi- 
ples :  sphace\oloxin  and  ergockrysin.  These  do  not  exist  in  the  drug 
m  a  free  state.  The  sphacelotoxin  exists  combined  with  ergochrysin 
as  "  Chrysotoxin " ;  with  secalin,  as  "  Secalintoxin,"  The  following 
table  will  serve  to  make  clear  our  present  knowledge  of  the  Ergot 
principles :  * 

In  the  crude  drug,  these  principles  decompose  very  read- 
ily; the  activity  is  very  materially  diminished  when  the 
drug  has  been  kept  a  year,  and  it  must  therefore  be  renewed 
annually.     The  extracts  of  ergot,  when  carefully  prepared 

'  The  introduction  o{  Er^C  into  Therapeutics  appear!  of  fairlr  recent  date. 
Tlie  first  mention  of  it)  use  i>  found  in  tlie  liiietnth  century. 
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TABLE  XII.—  COMPOSITION  OF  ERGOT. 
(Inactive  in  brackets.) 


KOBERT. 

Jacob;. 

JACOBJ. 

Primary 
Constituent. 

Loose 
Compounds. 

ii 
1'^ 

f  I 

Ergotinic  Acid:  ' 
n  i  I  r  ogenous  glu- 
cosid.  Sapotoxin 

Accepted. 

< 

■ssg 

=  3.2 

a" 

Comutin: ' 
alkaloid  of  convul- 

( probably   not   a 
single    sub- 

Accepted. 

II 

III 

Spkacelinic  Acid: 
N-free   resinous 
mixture    with 
gangrene    action 
(is  a  mixture  of 
the    active    sub- 
stances   of    Ja- 

cobj). 

Spkacelotoxin:  N- 
free    resin,    true 
active    gangrene 
substance. 

{Ergochrysiti:    N- 

re'sin.]""""^' 

Ckry- 

in 
active. 

Seca- 
lin 

toxin  ■ 

chmtn 

Sphacelo- 
.   toxin. 

Sphacelo- 
S^aJin."^ 

from  the  fresh  drug,  seem  to  keep  much  better;  however, 
many  worthless  preparations  are  found  on  the  market. 
These  can  only  be  discovered  by  physiologic  tests,  *',  e.,  the 
blackening  of  the  comb  of  a  rooster. 

II.  SUMMARY  OF  ACTIONS  OF  ERGOT. 

Notwithstanding  the  radical  differences  in  the  actions  of 
the  separate  principles  of  ergot,  practically  all  samples  of 
the  drug  produce  similar  effects,  namely,  those  of  sphacelo- 
toxin.  This  evidently  predominates  over  the  other  constitu- 
ents.    These  actions  may  be  summarized  as  follows: 

1.  Stimulation  of  unstriped  muscle,  partly  central,  but 

■Sclcrolinic  Acid.  ■  BrgoUnio. 
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mainly  peripheral,  the  action  being  exerted  on  the  gangli- 
onic cells  or  preganglionic  endings.     This  in  turn  produces : 

2.  Contractions  of  the  Uterus,  especiallly  when  pregnant 
(leading  to  abortion);  these  are  intermittent  with  small 
doses,  tonic  and  persistent  with  large  doses. 

3.  Vasoconstriction,  differing  in  extent  in  different  areas, 
especially  powerful  in  the  pulmonary  vessels, 

4.  With  large  doses,  and  in  susceptible  animals,  this 
leads  to  gangrene,  especially  in  peripherally  situated  or- 
gans. 

5.  When  rapidly  injected,  a  primary  depression  and  sec- 
ondary stimulation  of  the  cardiac  muscle. 

6.  Vomiting  and  increased  peristalsis. 

7.  The  changes  of  circulation  lead  to  affection  of  the 
central  nervous  system.  These  are  necessarily  variable, 
and  are  further  complicated  by  a  direct  depressant  action 
of  sphacelotoxin,  and  a  medullary  stimulation  by  comutin. 

8.  Large  doses  paralyse  the  vasoconstrictor  endings. 


The  actions  on  the  uterus,  intestine,  and  central  n 
seen  in  all  animals.    The  effect  on  the  blood-pressure  is  more  varia- 
ble ;  the  gangrene  is  only  produced  in  a  few  susceptible  species. 

in.  DETAILS  OF  ACTION. 

trteiTH —  The  action  is  sufficiently  indicated  in  the  sum- 
mary; it  can  be  induced  after  the  nervous  connections  of 
the  organ  are  severed,  so  that  it  is  at  least  partly  peripheral. 
When  administered,  in  appropriate  doses,  near  the  end  of 
pregnancy,  it  leads  to  a  normal  expulsion  of  the  fetus, 
without  injury  to  mother  or  child.  It  is  therefore  largely 
employed  in  obstetrics.  When  it  is  used  earlier  in  preg- 
nancy, much  larger  doses  are  required.  These  produce  a 
tetanic  spasm,  a  systolic  tetanus,  of  the  uterine  muscles, 
which  may  even  prevent  the  expulsion,  and  may  terminate 
in  rupture  of  the  viscus;  they  are  almost  certain  to  asphyxi- 
ate the  fetus.  The  uterine  action  is  also  utilized  to  prevent 
or  check  postpartum  hemorrhage;  the  prompt  contraction 
of  the  muscle  closing  the  uterine  sinuses. 

Blood-Fretrare.1^ — -The  circulatorv  effects  of  ergot  in 
mammals  vary  with  conditions.  When  the  drug  is  taken 
by  mouth,  or  injected  hypodermically,  it  causes  a  rather 

'  Exirclu  59. 
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short  and  insignificant  rise.     If  the  injection  is  made  in- 
travenously, this  rise  is  preceded  by  a  much  larger,  short 

fall. 


The  rise  on  hypodermic  injectioH  amounts  in  animals  to  but  lo  or 
20  mni.  of  mercury,  and  persists  for  only  a  few  minutes ;  it  is  often 
entirely  absent.  It  is  100  small  to  decide  the  site  of  its  production. 
Intramuscular  injection,  and  probably  oral  administration  produce  the 
same  results.  (It  is  possible  thai  the  rise  is  somewhat  larger  and 
more  persistent  in  man,  but  this  cannot  be  affirmed). 


■eeonij*.     the    Hrenglh    of    the    heart   eorre- 


When  the  injection  is  made  iHtraretiouily.  the  rise  is  about  the  same, 
but  it  is  preceded  by  a  short  but  severe  fall  of  pressure  (50  to 
60  mtn,.).  This  fall  is  very  constant  and  characteristic  (Fig.  90).  The 
figure  indicates  that  the  blood-pressure  changes  are  mainly  cardiac. 
Oncometric  experiments  prove  that  the  fall  of  pressure  depends  purely ' 
upon  the  primary  (apparent)  cardiac  depression;  whilst  the  secondary 
rise  involves  two  factors:  a  secondary  stimulation  of  the  heart  and  a 
vasoconstriction.  These  play  a  variable  role,  the  constriction  being 
especially  variable :  in  exceptional  cases,  it  may  raise  the  pressure  by 
40  to  70  mitl. ;  but  always  very  briefly.  There  is  some  evidence  that 
the  vasoconstriction  is  produced  largely  by  stimulation  of  the  center. 
It  seems  to  be  more  pronounced  and  more  peripheral  in  the  pulmonary 
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The  cardiac  actions  are  also  seen  in  the  artificially  perfused,  excised 
heart;  they  are  therefor  purely  peripheral. 

The  effects  of  ergot  on  the  circulation  are  subject  to  considerable 
individual  variations ;  they  are  very  much  diminished  if  the  animal  has 
a  low  blood -pressure.  Different  preparations  of  the  drugs  also  vary, 
the  primary  fall  of  pressure  being  emphasiied  in  some,  the  rise  in 
others.  The  age  of  the  ergot  does  not  seem  to  modify  its  vascular 
effect,  whilst  it  destroys  its  uterine  action. 

Very  large  doses  of  ergot  paralyze  the  vagus  center,  and  the  vaso- 
motor endings  (adrenalin  becoming  ineffective,  whilst  barium  is  still 
.clive)    (Soflmann  and  Brown;  Dale,  1905). 

Oai^^rene  Action. —  Whilst  the  action  of  ergot  on  most 
blood  vessels  is  insignificant,  it  produces  a  very  powerful 
and  prolonged  constriction  of  peripherally  situated  vessels 
in  a  few  susceptible  animals.  The  action  is  so  strong  that 
the  blood  stream  is  almost  arrested;  and  if  the  poisoning 
is  frequently  repeated,  or  chronic,  it  produces  thrombosis, 
hyaline  degeneration  of  the  vessel  walls,  and  gangrene. 

These  effects  can  be  best  studied  on  the  comb  of  the  rooster}  In 
about  an  hour  after  giving  the  drug,  the  tips  of  the  comb  become  cold 
and  dark,  even  black,  as  if  frozen.  The  effect  persists  for  several 
hours,  but  has  generally  disappeared  on  the  following  day.  If  the 
ergot  is  ^iven  repeatedly,  the  darkening  remains  permanently  and 
gradually  involves  the  entire  comb  and  the  wattles.  Eventually,  these 
appendages  undergo  gangrene  and  may  drop  off.  The  extremities  may 
also  be  involved  ;  in  one  experiment,  the  entire  wing  fell  off  after  a 
few  days.  Different  roosters  are  unequally  susceptible  to  these  ef- 
fects ;  in  some,  the  comb  may  even  blanche.  (Similar  changes  in  the 
comb  may  be  produced  by  very  large  hypodermic  doses  of  cane-sugar, 
piperazin.  cantharidin,  or  chromic  acid.  All  these  produce  profound 
changes  in  the  circulation.) 

Pigs  are  quite  susceptible  to  the  gangrene  action  of  ergot.  They 
react  especially  by  pustular  eruptions  on  the  skin;  the  ears  are  par- 
ticularly susceptible.  Horses  and  cattle  show  similar  changes.  Mart 
is  quite  subject  to  the  gangrene,  which  begins  in  the  extremities.  The 
fingers,  toes,  or  an  entire  member  may  slough  off.  Dogs  and  Rabbits 
do  not  seem  to  be  susceptible  to  this  action. 

The  cause  of  the  varying  susceptibility  has  not  been  demonstrated. 
It  may  be  due  to  physiologic  peculiarities,  or  merely  to  anatomic  differ- 
ences. The  gangrene  always  begins  in  those  situations  in  which  the 
circulation  is  weakest.  It  differs  in  no  essential  from  gangrene  pro- 
duced by  any  other  cause.  It  may  be  dry  or  wet,  according  to  whether 
liquifying  bacteria  are  absent  or  present. 

Alimentary  Can«|.— -The  same  stasis  is  found  in  the  vessels  of  the 
alimentary  tract.  It  leads  here  to  irritation,  and  in  very  advanced 
stages  to  ecchymosis.  ulcer  formation,  etc.  The  ulcers  involve  particu- 
larly the  lymph  follicles,  in  which  the  blood  supply  is  poorest.  The 
stasis  may  lead  10  effusion  of  blood  into  the  lumen  of  the  intestine. 
The  irritation  combines  with  the  direct  muscular  action  of  the  ergot 
to  produce  violent  vomiting  and  peristalsis.  The  ajjpetite  is  lost.  This 
action  on  the  alimentary  canal  is  also  most  marked  in  the  animals  men- 

'Enerctse  51    (GrGnfcld.   1892). 
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tioned,  but  occurs  in  others.  The  liver  of  roosters  shows  peculiar  de- 
generations, resembling  amyloid. 

Central  Nervoua  System.— This  is  affected  both  directly  and  in- 
directly, and  the  effects  are  correspondingly  variable  With  moderate 
doses,  the  flow  through  the  cerebral  vessels  is  increased.  Small  do»es 
may  cause  medullary  stimulation  (vagus -slowing;  increased  respira- 
tion, convulsions,  etc)  through  the  cornutin.  The  sphacelotoxin  seems 
to  be  purely  depressant,  so  that  large  doses  of  ergot  cause  death  by 
medullary  paralysis.    It  has  a  narcotic  effect  for  roosters. 

IV.  ACTIONS  OF  THE  ISOLATED  PRINCIPLES. 

As  has  been  stated,  ihe  effect  of  the  ergot  and  its  ordinary  prepara- 
tions correspond  practically  to  those  of  sphacelotoxin  and  its  com- 
pounds. 

Chrysotoxin  (Dale,  igos)  in  moderate  doses,  stimulates  all  varieties 
of  plain  muscle,  whatever  the  source  of  their  innervation.  It  causes 
a  large  and  prolonged  rise  of  blood  pressure;  the  heart  is  slowed  and 
strengthened;  the  pupils  are  at  first  dilated,  then  constricted.  The 
mall  intestine,  urinary-  and  gall-bladder  are  at  first  inhibited,  then 
augmented.  The  uterus  contracts  strongly.  The  vasoconstriction  is 
not  prevented  by  destruction  of  the  cord,  but  is  abolished  by  nicotin, 
indicating  its  ganglionic  origin. 

Large  doses  paralyze  the  sympathetic  endings  in  the  blood  vessels 
and  other  situations,  so  that  they  do  not  respond  to  epinephrin,  which 
then  produces  vasodilation, 

Cornutin  seems  to  act  almost  purely  on  the  medulla,  its  effects  re- 
sembling those  of  picrotoxin.  Its  injection  raises  the  blood-pressure, 
especially  during  the  convulsions.  This  action  is  central.  It  does  not 
produce  the  preliminary  fall  noted  with  ergot.  It  has  no  direct  action 
on  the  heart,  but  a  veralrin  effect  on  skeletal  muscle. 

The  statement  is  often  made,  particularly  by  pharmaceutic  chemists, 
that  the  alkaloids  are  concerned  in  the  gangrene  and  uterine  actions; 
but  this  is  denied,  on  sufficient  grounds,  by  all  competent  pharma- 
cologists who  have  investigated  the  subject.  The  apparent  results  are 
irotrably  due  to  traces  of  the  resins    (Santesson,   1902). 

Ergotlnic  add  has  a  typical  sapotoxin  action.  Taken  by  the  mouth 
it  produces  no  effects  beyond  local  irritation,  as  sapotoxins  are  not  ab- 
sorbed. If  injected  subcutaneously  or  intravenously,  it  will  produce 
faralysis  of  the  central  nervous  system  and  of  protoplasm  generally. 
t  causes  a  peripheral  paralysis  of  blood-vessels,  and  thereby  lowers 
the  blood-pressure. 

V.  TOXICOLOGY.— CHRONIC  ERGOT.— POISONING. 
Acutely  fatal  poisoning  by  ergot  is  rare  in  man.     More 
comtnonly,  the  intoxication  runs  a  protracted  course,  even 
when  it  is  produced  by  a  large  single  dose.     The  phenome- 
na, then,  agree  with  those  of  chronic  poisoning. 

This  chronic  poisoning  by  ergot,  "ergotism,"  was  formerly  very  fre- 
auent  endemically  in  consequence  of  the  presence  of  ergot  in  flour. 
Ergot  is  a  fungus  which  grows  upon  rye;  and  if  special  precautions  are 
not  taken  to  destroy  it.  it  is  very  apt  to  become  mixed  with  the  grain 
in  threshing  and  is  ground  up  with  the  flour.  In  this  way  the  popula- 
tion of  large  tracts  of  country  have  been  poisoned.    The  last  large 
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epidemic  in  the  United  States  occurred  in  New  York  in  1825.  Since 
tne  cause  has  been  recognized  these  epidemics  have  been  less  frequent, 
but  in  Russia  they  still  play  quite  an  important  role  (Schmack,  1897). 

This  chronic  ergot-poisoning  may  take  very  different 
forms  —  forms  which,  upon  superficial  examination,  bear 
almost  no  resemblance  to  one  another.  They  were  at  one 
time  classed  as  separate  diseases.  The  difference  is  ex- 
plained very  readily  when  the  different  actions  of  the  con- 
stituents of  ergot  are  taken  into  account,  and  the  fact  that 
they  may  act  partly  on  the  blood-vessels  and  partly  directly 
on  the  central  nervous  system.  Changes  which  depend 
upon  the  circulation  may  occur  almost  anywhere  in  the 
body ;  they  may  appear  first  in  one  part,  and  later  on  in  an- 
other, and  this  without  definite  order.  The  symptoms  will 
be  correspondingly  variable.  The  initial  stage  is  prac- 
tically the  same  for  all  the  different  types  of  ergot-poison- 
ing. From  this  initial  stage  two  principal  forms  diverge: 
the  convulsive  form  and  the  gangrenous  form.  Toward  the 
end  the  symptoms  again  become  similar  in  both  forms. 

The  initial  stage  is  ushered  in  by  disturbance  of  the  per- 
ipheral sensory  apparatus.  There  is  formication  in  the 
skin  and  various  other  disturbances  of  cutaneous  sensation. 
Hyperesthesia  and  anesthesia  exist  at  the  same  time  in  dif- 
ferent parts,  or  even  in  the  same  part,  the  skin  being  hyper- 
esthetic  to  some  forms  of  stimulation  and  anesthetic  to 
other  forms. 

These  disturbances  of  sensation  begin  at  the  extremities 
and  spread  upward.  This  distribution  favors  the  view  that 
they  are  manifestations  of  changes  in  the  circulation,  since 
these  would  make  make  themselves  felt  first  of  all  in  the  ex- 
tremities. The  disturbance  in  sensations  also  involves  the 
alimentary  canal.  There  is  apt  to  be  at  once  voracioux 
hunger  and  loss  of  appetite.  Digestion  is  much  impaired 
on  account  of  the  disturbed  circulation,  D.iarrhea  and  vom- 
iting are  very  common.  The  vomiting  is  partly  due  to  the 
disturbed  circulation  and  partly  to  the  action  of  the  cor- 
nutin  on  the  center.  The  central  sensory  apparatus  also 
shows  changes  at  this  time.  There  is  violent  and  persistent 
headache  and  central  disturbances  of  the  special  senses. 
The  motor  system  also  begins  to  show  abnormal  symp- 
toms, such  as  tivitchings  and  tremors,  most  marked  in  the 
extremities  and  in  the  tongue. 
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In  all  these  effects  of  ergot  it  is  extremely  difficult  to  say 
to  what  extent  the  phenomena  are  caused  by  the  central, 
and  to  what  extent  by  peripheral,  actions.  They  are  all 
largely  dependent  on  disturbances  in  circulation,  and  these 
may  in  some  cases  be  more  prominent  in  the  central  nerv- 
ous system ;  in  others,  peripherally. 

At  this  point  the  sensory  symptoms'  have  reached  their 
acme,  and  do  not  become  any  worse,  but  persist  as  they 
have  been  described.  But  the  motor  phenomena  go  on  in- 
creasing; the  twitchings  pass  into  spasnu,  and  then  into 
permanent  and  often  very  painful  contractures.  Always 
beginning  at  the  extremities,  they  involve  the  terminal  pha- 
langes of  the  fingers  and  ascend  to  the  other  joints.  The 
facial  muscles  also  participate.  The  type  of  these  contrac- 
tures shows  that  their  origin  is  central.  They  are  not  ab- 
solutely persistent,  but  last  for  about  half  an  hour;  then 
pass  off  for  a  time,  and  reappear.  This  is  very  different 
from  spasms  of  peripheral  origin,  such  as  those  of  lead- 
poisoning.  The  smooth  muscles  may  also  participate  in 
these  contractures;  especially  that  of  the  bladder;  so  that 
there  may  be  involuntary  evacuation  of  the  urine,  tenesmus, 
etc. 

The  pulse  is  always  hard  and  small,  pointing  to  a  high 
blood  pressure.  Its  frequency,  however,  is  variable.  It  is 
usually  slow,  due  probably  directly  to  the  high  pressure 
and  to  the  comutin  action. 

So  far  the  symptoms,  the  initial  stage,  are  common  to 
all  the  different  forms  of  ergotism ;  they  can  be  accounted 
for  partly  by  the  change  in  the  circulation  and  partly  by 
the  direct  action  of  the  ergot  principles  themselves.  In 
the  second  stage  the  circulatory  disturbances  become  more 
marked.  The  phenomena  already  seen  —  the  disturbances 
of  sensation  and  the  contractures  —  persist ;  but  to  these  are 
added  secondary  effects  due  to  the  prolonged  slowing  of 
the  circulation.  These  may  be  most  marked  in  the  central 
nervous  system  or  in  the  extremities.  The  former  give 
rise  to  the  so-called  spasmodic  form  of  ergotism.  The  pre- 
dominance of  stasis  in  the  extremities  produces  the  gan- 
grenous form. 

Why  one  action  should  predominate  in  some  individuals, 
and  another  action  in  others,  cannot  be  explained.  Perhaps 
there  may  be  some  differences  in  the  anatomic  arrangement 
of  the  blood-vessels  or  extent  of  the  innervation. 
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(A)  The  ^angienoos  form  may  have  been  indicated  some- 
what earlier.  Pustules  may  have  formed  in  the  skin,  which 
are  due  to  this  defect  of  circulation.  In  more  marked  de- 
grees it  affects  the  extremities.  The  entire  member  may 
be  involved  in  the  gangrene,  which  differs  in  no  respect 
from  any  other  gangrene ;  it  has  its  line  of  demarcation, 
and  may  be  wet  or  dry  according  to  bacterial  infection. 
The  finger,  toe,  or  limb  may  slough  away  without  bleeding. 

(B)  In  the  ■pannodic  form  the  contractures  pass  into  tonic 
and  clonic  convulsions  or  epileptiform  spasms.  Since  any 
part  of  the  central  nervous  system  may  be  affected,  the  ex- 
act symptoms  may  be  extremely  variable.  It  may  be  re- 
peated that  they  are  due  to  a  defective  circulation  in  the 
central  nervous  system,  which  leads  to  stimulation  and 
then  to  paralysis.  Both  forms,  the  gangrenous  as  well  as 
the  spasmodic,  are  therefore  due  to  changes  in  circulation, 
and  are  determined  by  the  sphacelotoxin  and  its  compounds, 
the  comutin  taking  no  part.  The  continued  administration 
of  cornutin  does  not  produce  in  any  animal  symptoms  re- 
sembling ergotism. 

In  acute  M^ot-poisoniitp  —  i.  c,  where  an  overdose  has 
been  taken  —  the  symptoms  resemble  very  closely  those 
produced  by  chronic  ergotism,  with  the  exception  that  they 
follow  each  other  much  more  rapidly.  They  consist  in 
vomiting,  diarrhea,  and  constipation,  disturbances  of  sensa- 
tion, motor  disturbances,  epileptiform  convulsions,  and 
later  gangrene.  In  the  acute  form  it  is.  of  course,  possi- 
ble, and  in  fact  likely,  that  the  cornutin  plays  a  part  in  the 
production  of  the  convulsions. 

The  treatment  of  ergot-poisoning  cannot  be  anything 
but  symptomatic. 

VL  THERAPEUTICS. 

1.  The  most  important  property  is  the  effect  upon  the 
pregnant  ntems;  that  is  to  say,  the  setting-up  of  the  peristal- 
tic waves,  and  later  on,  of  tetanic  contraction.  This  has 
led  to  its  use  to  produce  abortion.  The  dose  required  is 
quite  large,  however;  and  on  account  of  the  uncertainty 
of  ergot  preparations,  it  is  a  very  dangerous  drug  for  this 
purpose.  The  action  on  the  uterus  may  be  too  strong  and 
it  may  produce  rupture:  or  general  poisoning  may  result. 

It  has  been  recommended  in  delivery  at  term.  In  this 
case  the  required  dose  is  much  smaller,  and  consequently 
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it  can  be  used  much  more  safely.  However,  it  seems  that 
the  temptation  to  give  large  doses  is  still  too  strong,  and 
whenever  it  is  used  in  the  early  stages  of  labor  it  is  apt  to 
put  the  uterus  into  tonic  contraction.  It  is  not  possible  to 
say  at  present  whether  this  is  due  to  a  specific  effect  of 
ergot  on  the  human  uterus  or  whether  too  large  doses  are 
always  employed.  The  tonic  contraction  of  the  uterus  at 
this  time  may  actually  interfere  with  the  delivery  of  the 
fetus ;  and  it  may  also  produce  asphyxia  of  the  child  by 
too  strong  contraction  of  the  uterine  vessels,  or  pressure  on 
the  cord.  If  it  is  used  at  all  in  this  stage,  the  dose  must 
be  small.     This  is  very  important  to  remember. 

The  principal  use  of  ergot  is  to  stop  postpartnm  hem- 
onhag^.  It  is  given  here  at  such  a  time  that  its  main  action 
will  appear  after  the  placenta  is  delivered.  If  the  hemor- 
rhage is  very  large  and  a  quick  action  is  desired,  it  may 
be  injected  into  the  gluteal  muscles.  It  acts  mainly  by  pro- 
ducing rapid  contraction  of  the  "terine  muscle,  in  this  way 
obliterating  the  open  sinuses. 

It  has  been  attempted  to  obtain  ergot  preparations  which 
are  more  stable  and  more  certain  in  their  results  than  the 
ordinary  extracts.  Chrysotoxin  (the  combination  of  Er- 
gochrysin  and  Sphacelotoxin)  has  been  suggested,  since 
it  keeps  for  years  without  decomposition.  But  so  far  it 
has  not  been  put  upon  the  market,  probably  because  the 
yield  is  quite  small. 

2.  The  supposed  vaMtconstrictor  action  of  er^ot  has  led  to  its  use 

in  a  variety  of  conditions,  where  the  circulation  is  supposed  to  be  dc- 

This  use  cannot  be  based  on  the  experimental  data,  for  according 
to  these  the  effect  is  too  slight  to  be  of  any  value  ^ — certainly  much  less 
than  reflex  stimulation.  It  is  of  course  conceivable  that,  through  the 
selective  action  of  the  drug,  some  areas  are  affected  much  more  power- 
fully than  the  Reneral  blood-pressure  would  indicate.  It  is  also  pos- 
sible that  the  effects  on  man  are  much  more  powerful  than  those  on 
the  dog  or  rabbit ;  but  it  is  useless  to  indulge  in  these  speculative  ex- 
planations until  the  clinical  results  from  the  drug  have  been  confirmed 
by  a  larger  number  of  cotnpetent  obser\'ers, 

Ereot  has  been  especially  recommended  in  pnlmonary  hemorrhage. 
Qinical  results  are  here  of  little  value  since  the  conditions  tend  to 
cease  soonlaneouslv.  According  to  the  experimental  results,  the  drug 
is  precisely  con  train  dicated.  tor  it  raises  the  nressure  in  the  nulmonary 
vesseli.  Its  use  in  hemorrhage  in  other  situations  is  equally  devoid 
of  rational  foundation   (Bradford  ard  Dean.   i8oj>. 

The  reported  favorable  effects  of  ergot  in  aslhm^  may  perhaps  be 
attributed  to  its  counteracting  a  pulmonary  vasodilatation. 
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VII.  MATERIA  MEDICA. 

Ergota  (U.  S.  P-,  B.  P.)  (from  the  French  "Ergot,"  a  cock's 
spur). —  {Seeate  cornutum.) — A  fungous  growth  (the  sclerotium  of 
Claviceps  purpurea,  Hypocreacese)    from  Rye. 

Generally  collected  in  Russia  or  Spain.  Should  not  be  older  than 
one  year.  Constituents,  see  page  soo;  also  f^lty  oils,  proteids,  and  other 
extractives.  Peculiar,  characteristic  odor.  Dose:  2  Gm.  =  30  grs., 
U.  S.  P. 

The  preparations  are  often  injected  hypodcrmUally  or  intramuscu- 
larly, the  fluidextracl  or  an  aqueous  of  the  extract  solution  being  used. 

FlMtdcitractum  Ergots  (U.  S.  P.)  [Ext.  Ergot.  Liq.,  B.  P.].— Acidi- 
fied dilute  alcohol.  Dose:  a  to  4  c.  c.  ('/i  to  I  dracnm).  As  yet  the 
most  satisfactory  preparation,     (2  c.c,^30  TTl..,  TJ.  S.  P.) 

Extractum  Ergota  (U.  S.  P..  B.  P.).— Various  preparations  are  found 
on  the  market  under  the  names  of  "  Ergotin,"  etc.,  but  they  possess  no 
advantage  over  the  official  product. 

The  U.  S.  P.  Extract  is  a  soft  preparation,  of  eight  times  the  strength 
of  the  fluidextract.  It  is  in  the  main  an  aqueous  extract,  prepared  by 
exhausting  ergot  with  Ji  alcohol,  evaporating  the  alcohol,  (iltermg,  pre- 
cipitating the  filtrate  with  acid,  again  tillering,  neutralizing,  evaporat- 
ing and  adding  some  glycerin.  Dose:  0.2  to  0.6  Gm.  (3  to  10  grs.) 
(0.25  Gm.  =  4  grs,.  US.  P.). 

Injectio  Ergota  Hypodermica  (B.  P.).~30%  of  extract.  Dose:  0.2 
to  0.6  e.e.  (3  to  10  mmims). 

lufusum  Ergota  (B.  P.).— 5%.    Dose:  30  to  60  c.c.  (i  to  2  ozs.). 

Tittctura  Ergots  Ammoniata  (B.  P.). — 25%,  Dose:  2  to  4  c.c.  (J^ 
to  I  drachm). 


Two  other  drugs  which,  in  the  absence  of  more  definite  knowledge, 
may  at  present  be  counted  under  the  Ergot  Group  are  Com  Smut  and 
Cotton  Root  Bark. 

*  Uatilago  Maydia. —  Corn  Smut. —  A  fungus  analogous  to  Ergot, 
found  on  the  corn-plant.  Little  is  known  about  its  composition  or 
action,  although  it  has  been  employed  by  the  negroes  for  abortion,  and 
stock-raisers  have  also  observed  that  it  has  an  ecbolic  effect.  Kobert 
states  that  it  does  not  produce  the  ergot  action  on  the  cock's  comb. 
He  must  have  worked  with  old  samples,  since  the  author  obtained 
the  typical  darkening  from  several  dtflerent  san^Ies.  However,  the 
action  is  quite  weak,  and  the  drug  does  not  deserve. much  attention 
unless  it  should  be  possible  to  isolate  the  principles  in  more  active  fornl. 
It  possesses  resins,  such  as  form  the  active  principles  of  ergot, 

0(Msyp)i  Cortex  (U.  S.  P.).— The  root-bark  of  Gossypium  herba- 
ceutn  and  other  species,  Matvacex.  Another  ecbolic  for  which  we  are 
indebted  to  the  negroes.  It  contains  several  resins.  The  reports  of 
clinicians  and  experimenters  are  not  favorable.  Dose:  2  Gm.^30  grs. 
(U.  S.  P.),  commonly  used  as  the  *  Fluidextracl  or  infusion. 

Vm.  ECBOLICS  (OXYTOCICS)  AND  EMMENAGOGUES, 

Eebolics  are  remedies  which  stimulate  the  gravid  uterus  to  the  ex- 
pulsion of  the  fetus.  When  used  in  the  non-gravid  condition,  they 
mcrease  the  menstrual  flow,  and  are  then  called  Emmenagogues.  Be- 
sides the  Ergot  group,  one  may  count  here : 
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I.  All  drugs  which  produce  congestion  of  the  abdominal  organs. 
This  always  extends  to  the  pelvic  otgans  as  well. 

1.  All  Drastic   Purgatives. —  Aloes,   Myrrh,  etc. 

2.  Irritant  Volatile  Oils,  especially  Savin,  Thyme,  Pennyroyal,  and 
Turpentine. 

3.  All  other  Intestinal  Irrilanti:  Cantharides,  Quinin,  Digitalis, 
Metals,  etc.  A  similar  action  is  also  claimed  for  Borax,  but  may  be 
considered  doubtful. 

It  must  be  remembered  that  these  irritants  produce  their  ecbolic 
effect  only  secondarily  to  a  gastro- enteritis.  The  latter  may  be  so 
violent  as  to  be  fatal  without  accomplishing  the  desired  result. 
They  should  not  be  employed  for  ccbolics,  but  at  most  as  emmena- 
g<^ues. 

4.  Application  of  heat  or  counter  irritants  to  pelvic  region  or  feet : 
hot  foot-  or  hip-baths,  mustard  plasters,  hot  Irrigations  of  the  vagina, 
etc.  These  milder  measures  are  only  emmenagogue.  When  nutri- 
tion is  low,  they  may  be  greatly  aided  by  Ionics. 

II.  All  drugs  which  stimulate  unstriped  muscle — Muscarin,  Nicotin, 
Filocarpin,  Physostigmin,  Hydrastis,  etc. —  may  act  as  ecbolics,  but 
cannot  be  used  in  practice. 

IX.  UTERINE  SEDATIVES. 

In  contradistinction  to  the  ecbolics,  Vlbumnm  prwnifollum  is  em- 
ployed to  lessen  the  uterine  flow,  and  to  -quiet  the  movements  of  the 
uterus.  It  is  prescribed  in  menorrhagia,  dysmenorrhea,  habitual  or 
threatened  abortion,  hysteria,  etc.  There  is  no  experimental  founda- 
tion for  its  use.  It  contains  considerable  tannin,  and  is  therefore  astrin- 
gent (used  in  diarrhea  and  dysentery,  and  as  gargle  in  pharyngitis, 
etc.).  Large  doses  are  said  to  paralyze  the  central  nervous  system  and 
the  heart,  Vibemum  opulus  is  also  astringent,  and  is  recommended  in 
colic  and  muscular  cramps  ("cramp-bark"). 

Viburnum  Prnnlfollnm(U,  S,  P-).~Black  How.  The  bark.  Alka- 
loid, resins  (vibumin) ;  valerianic  and  tannic  acid,  etc.  Ftuidextract 
(U.S.  P.),  2  to  5  c.  c.  (J4  to  1  drachm),  best  with  aromatics.  (2  c,c. 
=  30  ni-,  U.S.  P.). 

Vlburnnm  Opulna  (U.S.  P.). —  Cramp  Bark.  The  bark.  Tannin, 
etc.  Fluidextraet  (U.S.P.),  3  to  5  c.c.  (!4  to  I  drachm)  (2  c.c  = 
30  HI.,  U.S.  P.). 

X.  REMEDIES  USED  TO  CONTROL  HEMORRHAGE. 

The  measures  used  to  check  bleeding  (hemostatics)  ma^  be  divided 
into  those  which  act  locally  {styptics)  and  those  which  affect  the  body 
at  large  {general  hemostatics). 

The  principal  local  remedies  are  those  which  close  the  vessels  by 
compression  {*or  suture),  cold,  suprarenal  alkaloid;  those  which  favor 
clottmg  (absorbent  cotton,  pengawahr  djambi :  the  popularly  used  cob- 
web is  efficient,  but  septic) ;  and  those  which  precipitate  the  blood, 
1.  e.,  astringents,  tannin,  iron  (chlorid  or  Monsell's  solution),  alum, 
vinegar,  etc.  The  wound  should  be  well  cleaned  before  the  local  styp- 
tics are  applied. 

Qeneral  hemostatica  may  be  divided  into  those  which  lower  the 
getteral  blood-pressure;  those  which  cause  vasocon  strict  ion  limited 
to  the  bleeding  area;  and  those  which  increase  the  coagulability  of  the 

Meauires    LeaienlnK   the    Oeneral    Blood-Preuure.— These   are 

useful  in  practically  every  case  of  bleeding  (except  when  the  blood- 
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pressure  has  already  been  lowered  to  a  dangerous  degree  by  a  very 
profuse  hemorrhage.  This  demands  the  injection  of  warm  normal 
saline  sol u lion.) 

The  first  desideratum  is  rest,  since  all  movement  tends  to  raise  the 
blood -pressure,  and  furthermore,  to  dislodge  the  clots.  Morphin, 
bromids.  and  alcohol  and  other  hypnotics  may  be  given  to  keep  the 
patient  quiet.  All  measures  which  produce  sudden  movements  (emetics, 
purgatives,  etc.)  are  contraindicated.  The  patient  shoviid  be  placed 
in  a  position  which  will  lower  the  blood-pressure  in  the  bleeding  part 
as  much  as  possible.    Cardiac  depressants  (aconite)  are  also  indicated 

The  use  of  vasodilating  and  constricting  drags  gives  very  uncer- 
tain results.    It  will  be  easily  appreciated  that,  in  order  to  be  useful  in 
hemorrhage,  a  vasodilator  must  dilate  the  vessels  of  the  general  c 
lation,  but  not  at  the  bleeding  point.    Per  contra,   a  vasocons' 
must  constrict  them  at  the  bleeding  point,  but  not  elsewhere ; 
latter  case,  the  rise  in  general  blood-pressure  might  easily  ovi 
the  local  constriction  and  make  the  bleeding  more  free. 

General  vasodilators  (nitrites)  are  indicated  when  the  hemorrhage  is 
situated  in  areas  which  are  not  easily  dilated,  1.  e.,  the  lungs  and 
muscles.  They  are  contraindicated  in  bleeding  from  the  brain  or 
splanchnic  area. 

It  is  doubtful  whether  general  vasoconstrictors  are  ever  indicated 
in  hemorrhage ;  for  their  action  cannot  be  confined  to  the  bleeding 
vessels.  The  only  established  exception  to  this  statement  is  the  effect 
of  ergot  in  post-partum  hemorrhage  (but  as  we  have  Stated,  ergot  is 
often  used  against  bleeding  in  other  regions). 

Specific  Cottgutants. —  An  increase  of  the  coagulability  of  blood  is 
desirable  when  there  is  a  tendency  to  excessive  bleedmg  on  slight 
provocation  —  in  hemophilia,  purpura  hemorrhagica,  epistaxis,  hem- 
optysis, excessive  menstruation,  renal  or  intestinal  hemorrha^s,  etc. 
The  measures  which  are  claimed  to  be  effective  In  these  conditions  are 
also  recommended  in  aneurism  (although  they  are  said  to  favor  em- 
bolism). 

The  prinoipal  remedies  which  are  used  for  this  purpose  arc  calcium 
eklorid,  and  gelatin.  Most  observers  attribute  the  action  of  the  latter 
to  the  calcium  which  it  contains,  stating  that  gelatin  freed  from  cal- 
cium is  ineffective  (Gley  and  Richaud,  1903).  The  evidence  that  these 
drugs  accomplish  the  desired  results  is  not  conclusive,  although  the 
majority  of  the  clinical  observations  are  favorable.  It  is  well  known 
that  the  presence  of  a  certain  amount  of  calcium  is  necessary  to  the 
coagulation  of  blood ;  but  it  has  never  been  shown  that  this  calcium  is 
deficient  in  the  dL-ieases  named  above,  for  neither  gelatin  nor  calcium 
hastens  the  coagulation  when  added  to  the  blood.  However,  Dastre 
and  Floresco  (1897)  claim  that  the  time  required  for  the  coagulation 
is  shortened,  when  gelatin  is  given  systemically ;  this  is  confirmed 
by  other  observers,  and  also  in  regard  to  calcium.  On  the  other  hand, 
some  investigators  deny  this  action;  Sackar  (1901)  refers  the  effect  to 
intra-vltam  agglutination  of  the  corpuscles,  producing  intravascular 
precipitation,  which  would  entail  the  clotting. 

It  will  be  seen  that  there  is  no  rational  explanation  of  the  effect  of 
these  drugs,  it  indeed  they  produce  any  action.  Since  they  can  do  no 
harm,  when  properly  used,  they  may  at  least  be  given  a  trial. 

The  calcium  chlorid  is  generally  given  by  mouth,  to  3  Gm.  per  day, 
continued  as  long  as  necessary;  or  it  may  be  injected  hypodermic  ally, 
in  I  to  s%  solution.  In  i-rgent  cases  of  hemophilia,  100  e.  c.  of  a  10% 
solution  may  be  injected  very  slowly  into  a  vein,  and  repeated  in  twelve 
hours.  Boas  (1904)  recommends  20  c.  c.  of  10%  solution  as  enema 
(after  defecation)   in  bleeding  hemorrhoids.    The  gelatin   was  ongi- 
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nally  used  subcutaneously  (loo  to  zoo  c,  c.  of  sterile  i  to  5%  solution, 
injected  slowly  into  the  thigh,  not  near  the  aneurism,  every  10  to  15 
lays,  until  ten  to  twenty  injections  have  been  given.)  The  treatment 
is  quite  painful,  and  may  raise  the  temperature  to  103°  F.  Tetanus 
has  been  a  not  uncommon  sequence,  when  the  solutions  were  not 
thoroughly  sterilized.  Wood  (1902)  claims  that  the  gelatin  is  just  as 
effective,  only  somewhat  slower,  when  given  by  mouth,  and  recom- 
mends eating  three  or  four  ounces  of  flavored  10%  jelly,  three  times  a 

(Ordinary  styptics  are  generally  useless  in  hemophilia.  The  inhala- 
tion of  oxygen  has  been  recommended,  empirically.  The  intravenous 
injection  of  nucieoproteids  causes  intravascular  clotting,  but  this  is 
promptly  fatal,  and  cannot  be  utilized  therapeutically). 

XI.  DRUGS  WHICH  LESSEN  THE  COAGULABILITY  OF  THE 
BLOOD. 

In  laboratory  experiments,  the  coagulability  of  blood  can  be  easily 
diminished  or  abolished.  Leech  extract  has  this  effect,  whether  it  is 
injected,  or  added  to  shed  blood;  albumoses,  only  when  injected; 
citrates,  oxalates,  fluorids,  concentrated  solutions  of  other  salts,  for- 
maldehyd,  hydrocyanic  acid,  etc.,  only  on  shed  blood  (by  removing 
the  calcium  or  inhibiting  the  filbrin  ferments).  None  of  these  drugs 
can  be  used  effectively  on  patients,  except  by  local  application.  Never- 
theless, sodium  citrate  is  sometimes  used  to  prevent  threatening  throm- 
bosis.   It  is  difficult  to  understand  how  it  can  have  any  effect  what- 

HfVurfo  — Leech. 

(B)  SAPOTOXIN  GROUP. 
L  PROPERTIES,  OCCURRENCE,  SUMMARY  OF  ACTTIONS. 
The  members  of  this  group,  the  sapotoxins  and  saponitis, 
are  characterized  by  forming  an  excessive  and '  persistent 
foam  when  even  very  dilute  (i  :  ro.000)  watery  solutions 
are  shaken;  by  emulsifying  fats  and  suspending  fine  pow- 
ders; by  dissolving  red  blood  corpuscles  and  other  cells. 
even  in  isotonic  solutions ;  and  by  a  general  toxicity  to  all 
cells.  The  degree  of  this  toxicity  varies  greatly  in  the 
different  members  of  the  series ;  the  more  toxic  being  termed 
sapotoxins;  the  less  toxic,  saponins. 

(Ilhemically,  these  substances  are  non-nil rogenous,  glucosidal,  neutral 
principles.  Many  have  the  ultimate  composition  CnHin  — ,0,4.  When 
heated  with  dilute  mineral  acids,  they  are  decomposed  into  glucose 
and  a  sapogcnin.  They  are  generally  not  attacked  by  animal  fer- 
ments. Physically,  they  possess  the  characters  of  colloids:  They  do 
not  dialyze;  they  are  soluble  in  water,  and  are  not  precipitated  by 
moderate  amounts  of  alcohol :  but  ihey  do  not  dissolve  m  pure  alcohol 


,.    -.1   fat-solvents.     Many  are   precipitated  by   saturation   with   neutral 
salts,  especially  ammonium  sulphate;  by  basic  lead  acetate:  etc. 

These  principles  are  very  widely  distributed  through  the  vegetable 
kingdom,  occurring  in  at  least  150  plants,  belonging  to  thirty  different 
families.    They  are  probably  formed  in  the  leaves,  but  are  found  in 


.dbyCoogle 


SAPOTOXIN   ACTIONS.  513 

all  parts  of  the  plants.  The  foaming  is  so  conspicuous  that  many  of 
these  drugs  have  received  characteristic  popular  names,  soap-bark,  soap- 
root,  etc.  They  are  emplo;^cd,  even  by  non-civiliied  peoples,  for  clean- 
ing; and  on  account  of  their  high  toxicity  to  fish,  as  fish-poisons. 

Their  very  powerful  action  on  fish  is  explained  by  their 
rapid  absorption  through  the  gills.  The  greater  number 
are  scarcely  toxic  to  mammals,  as  they  are  not  readily  ab- 
sorbed from  tl]e  aHmentary  canal.  Their  local  action  on 
the  latter,  however,  results  in  nausea  and  vomiting.  This 
constitutes  their  therapeutic  use.  Agrostemma,  the  com- 
mon corn  cockle,  is  the  most  dangerous  drug  of  the  group, 
since  it  is  absorbed  exceptionally  well.  Quillaja  (soap- 
bark)  may  also  prove  toxic, 

11.  DETAILS  OF  ACTION. 

Locally,  they  exert  a  very  marked  irritant  aciioit  on  the  mucous 

membranes.  They  have  an  acrid  taslc  and  provoke  a  flow  of  saliva 
('sialogogue  action)  ;  if  inhaled,  they  cause  meezing;  if  injected  hypo- 
dermically,  they  cause  lubcutaneous  inflammation.  When  added  to  de- 
fibrinated  blood,  they  will  dissolve  the  corpuscles  and  liberate  the  hemo- 
globin and  the  sails  —  the  latter  even  when  the  corpuscles  have  been 
laked,  or  fixed  by  formal dehyd. 

If  they  are  injected  directly  into  the  blood,  the  most  marked 
symptoms  fall  upon  the  central  nervous  system,  and  are  rat)idly 
fatal.  At  first  there  are  violent  convulsions;  then  paralysis,  especially 
of  the  respiratory  center.     The  effect  on  fish  is  also  paralytic. 

Smaller  dose*  given  by  the  blood  cause  especially  intestinal  symp- 
toms, and  death  after  several  days  by  collapse.  Why  the  symptoms 
are  so  largely  imestinal  is  unexplained.  Given  subcutaneous ly,  they 
produce  these  same  symptoms,  only,  of  course,  much  more  slowly.  If 
they  arc  applied  directly  to  skeletal  or  cardiac  muscle  or  to  nerve- 
trunks,  these  lose  their  irritability  at  once,  and  if  the  solution  is  fairly 
strong  (1%),  there  is  rigor. 

The  same  train  of  phenomena  of  general  poisoninf;  is  obtained  if 
these  poisons  are  absorbed  from  the  ilomach:  either  directly,  as  in 
the  case  of  agrostemma,  or  with  the  others  after  the  local  action  has 
produced  a  corrosion  of  the  mucous  membrane.  If  the  dose  is  too 
small  for  this,  only  the  local  effects  are  observed.  These  lead  to  symp- 
toms of  gastro-enteritis,  vomiting,  persistent  diarrhea,  etc. 

III.  MANNER  OF  ACTION. 

The  toxic  action  of  the  sapotoxins  and  solanin  on  the  red  blood 
corpufcles'  is  due  to  their  dissolving  the  cholesterin  contained  in 
the  envelope.  And  there  is  every  reason  to  believe  that  this  holds  also 
for  other  tissues.  Cholesterin  (and  indeed  any  fat.  such  as  cotton- 
seed oil)  is  a  perfect  antidote  to  the  hemolytic  action,  although  it  is 
not  so  effectual  against  the  central  action.  The  mechanism  of  this 
action  has  been  greatly  elucidated  by  the  work  of  G.  N,  Stewart 
<'09  to  '02).  It  must  be  conceived  somewhat  as  follows;  The  elec- 
trical resistance  of  intact  cells  is  always  greater  than  (hat  of  the  fluids 
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■  in  which  they  are  bathed,  or  than  that  of  their  own  contents.  This 
means  that  they  have  an  envelope  which  is  partly  or  entirely  imper- 
meable to  ions.  This  impermeability  is  due  to  the  presence  of  choles- 
terin,  lecithin,  and  similar  fatty  substances,  which,  on  account  of  their 
insolubility  in  saline  fluids,  interpose  a  physical  barrier  to  the  pene- 
tration of  most  salts,  whilst  they  permit  the  entrance  of  fat-soluble 
substances.  Sapotoxins  have  the  property  of  dissolving  these  fats, 
thereby  breaking  down  the  barrier,  and  allowing  the  entrance  of  foreign 
salts  and  the  exit  of  the  contained  salts.  This  disturbance  in  the  salt 
content  of  the  cell  results  in  its  disintegration.  If  dte  sapotoxins  are 
saturated  with  cholesterin  or  oil  before  they  come  into  contact  with 
the  cells,  they  are  naturally  deprived  of  their  activity  (Ransom, 
Hedon,  1901^.  Serum  is  also  antitoxic  throu^  its  lipoids.  The 
lecithin -saponin  compound,  however,  is  also  toxic.  Some  degree  of 
immunity  can  be  secured  through  repeated  injections. 

The  central  actions  of  sapotoxins  are  not  as  a  rule  due  to  the 
hemolysis,  but  to  a  direct  action  on  the  brain  cells;  these  are  paralyzed 
by  smaller  doses  than  are  required  for  laking. 

IV.  THERAPEUTICS. 

The  toxic  actions  on  the  centra!  nervous  system  do  not 
at  all  come  into  play,  since  there  is  no  absorption.  Only 
the  irritant  action  on  the  alimentary  canal  needs  to  be  con- 
sidered. This  bears  a  close  resemblance  to  the  local  action 
of  ipecac,  and  the  therapeutic  indications  are  the  same. 
As  nauseants  and  emetics  they  possess  the  advantage  over 
ipecac  that  they  are  not  at  all  absorbed,  provided  they  are 
given  in  moderate  doses;  they  therefore  avoid  the  central 
action  of  emeiin. 

The  property  of  emulsifying  determines  their  use  as 
detergents  in  the  arts,  for  the  cleansing  of  articles  which 
are  injured  by  alkalies. 

The  use  of  quillaja  as  an  emulsifier  Cor  medicinal  preparations  is  not 
admissible;  but  some  of  the  less  toxic  saponins  may  be  used  for  this 
purpose  (Kobert,  1904). 

A  certain  number  of  these  drugs  have  some  importance  or  account 
of  stock -poisoning  (Vaccaria,  Raw  Potatoes)  ;  others  have  been  used 
as  fish-poisons,  as  soap  and  as  counter!  rr  it  ants,  etc.,  by  the  aborigines. 

Sarsaparilla.  which  1 
saponin  which  it  c"  '"' 
an  alterative.    '^'  ' 


V.  MATERIA  MEDICA  OF  SAPONIN  GROUP, 

Quillaja  (U.S.  P.)  [Qulllajs  Cortex,  B.P,]-— Soap-bark.  T 
inner  bark  of  QuUlaja  Saponarta,  Rosacese;  Chili  and  Peru, 

Fluidexlracium  QuUlaia  (U.  S.  P.).~  One-halt  alcohol.  Dost:  < 
c.c.  =  3  la-  (U,S.P.>- 

Tinetura  QuiUaja  (U.  S.  P.).— One-third  alcohol,  20%.  Dose:  I  c 
=  15  It- 
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na  omctnalis,  Laiyophyllacex ;  temperate  zone.    Dose:  2.0  to  4.0  Gm. 

SmcEa  (U.S.  P.)  tSenegK  Radix,  B.  P.],— The  root  o£  Polygala 
Senega,  Polygalacex ;  North  America. 

Fluidextraclum  Senegte  (U.  S.  P.).— Alkaline,  three-fourths  alcohol 
Dose:  O.S  to  i.oc.c.  (lo  to  15  minims)  (i  c.c.  =  i5  ni-,  U.S.  P.). 

Liquor  Senega  Concentralut  (B.  P.),— 50%  alcohol.  Dose:  2  to  4 
c.a   (!4  to  I  drachm). 

Syrupus  Senega:  (U.  S.  P.).— 20%.  Dose:  4  to  8  CC  (l  to  2 
drachms)    (4  c.  c.=^  1  5.,  U.  S.  .P.). 

Infutum  Senega  (B.  P.).— 5%.    Dose:  15  to  30  c.c.  (J4  to  I  oi.). 

Tinetura  Senega  (B.  P.).— 20%,  Two-thirds  alcohol.  Dose:  2  to-4 
C.C.  ('/i  to  I  drachm). 

'CautophyUmn.— Blue  Cohosh.— The  rhizome  atid  roots  of  Caulo- 
phyllum  Ihalictroides,  Berberidacefc ;  North  America.  Also  contains 
tannin  and  an  alkaloid  and  resins,  about  whose  action  very  little  is 
known.     Dose:  0.3  to  2.0  Gm.   (5  to  30  grains). 

Saruparllta  (U.  S.  P.). —  The  root  of  Smilax  oMcinalis  and  some 
other  spedes,  Liliacex;  tropical  America. 

U.S. P.  Preparations: 

Fluidextractum  Sarsaparitla. —  One-third  alcohol.  Dose:  2.0  to  4.0 
C.C.   (^  to  I  drachm)    (2  c.c.  =  30  ni..,  U.  S.  P.). 

Fluidextraclum  Sarsap.  Compositum  (U.  S.  P.).— Sarsaparilla,  Gly- 
cyrrhiza,  Sassafras,  Meiereum,  Glycerin,  Diluted  Alcohol.  Dose:  2  c-C 
=  30  ni.  (U.S.  P.). 

Syrupus  Sarsap.  Composiius  (U.  S.  P.). —  Fluidext.  Sarsaparilla, 
Glycyrrhiza,  Senna ;  Oil  Sassafras,  Anise  and  Gaultheria.  Pleasant 
slightly  laxative  vehicle,  especially  for  iodids.  Dose:  15  to  30  c.  c.  (4  to 
SS)    (16  c.c.  =  43,,  U.S.P). 

Sarue  Radix  (B.  V.).—  Iamaica  Sarsaparilla.— The  root  of  Smilajf 
ornata,  Liliace^e;  Costa  Rica. 

Liquor  Sarsa  Composiius  Concentratus  CB.  P.). —  Contains  Sarsapa- 
rilla, Sassafras,  Guaiac,  Licorice,  Mezereum.  Dose:  8  to  30  c.c.  (%  to 
I  oz,). 

Erlractum  Sarsa  Liquidum  (B.  P.). —  Dose:  4  to  15  c.c.  (i  to  4 
drachms). 

HemldMinl  Radix  (B.P.).— The  root  of  Hemidesmus  indictts, 
Asclepidacex. 

Syrupus  Hemidesmi  (B.  P.).— Doje.-  2  to  4  c.c.  (yi  to  i  drachm). 

II.  SOLANIN. 

The  glucosidal  alkaloids,  solanin.  solanein,  and  solanidin,  which  occur 
in  plants  of  the  potato-{;enus  (Solanum  nigrum,  dulcamara,  tuberosum 
(Potato),  Carolinense,  and  Tomato),  possess  a  typical  sapotoxin  action. 
In  certam  species,  particularly  in  S.  dulcamara,  they  are  associated  with  ' 
a  small  quantity  of  atropin-like  alkaloid  and  with  a  saponin  (dulcaroa- 
rin).  The  latter  plant  is  sometimes  used  as  a  nauseant  Solanin  has 
the  formula  C„H«NO., ;  solanidin.  C^HnNOi. 

*  Solanum  Dulcamara. —  Bittersweet.—  The  young  branches  are  used. 
Dose:  4  c.c.  of  the  fluidextract. 

*  Solanum  Tuberosum. —  The  toxic  principles  are  distributed  through- 
out the  plant,  but  only  very  small  quantities  are  found  in  the  pulp  of 
the  tuber — too  small  to  produce  any  action.  The  quantity  is  larger 
in  the  skin,  and  especially  in  very  young_  and  in  sprouting  potatoes, 
which  have  sometimes  given  rise  10  poisoning. 

*  Solanum    Carolinense. —  The   berries   have    been   recommended    in 

*Nac  official. 

Study  Mauri!  Medica  Leuon  40. 
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epilepsy.  They  are  always  given  with  bromids,  and  the  therapeutic 
effects  of  the  mixture  are  probably  due  entirely  to  the  latter.  Dose: 
4  c.  c.  of  the  fluidextract 

(C)  SUMMARY  OF  THE  TREATMENT  OF  COUGH. 
I.  PATHOLOGIC  CONDITION. 

The  act  of  coughing  may  be  defined  as  a  coordinated 
reflex  involving  the  respiratory  center,  and  resulting  in  the 
sudden  and  violent  expulsion  of  air  from  the  lungs.  It  has 
a  physiologic  function  in  the  removal  of  irritant  substances 
or  of  accumulation  of  mucus  from  the  respiratory  passages. 
Like  other  reflexes,  however,  it  tends  to  persist  after  its 
cause  has  ceased  to  be  active ;  or  it  may  become  excessive. 
In  either  case  it  will  require  treatment.  It  must  be  borne 
in  mind  that  cough  is  merely  a  symptom,  and  whilst  it  may 
be  treated  directly,  as  such ;  no  treatment  can  be  of  perma- 
nent benefit  unless  it  is  also  directed  against  the  original 
cause,  if  this  is  still  in  operation.  This  cause  lies  most 
commonly  in  the  respiratory  passages,  but  there  appear  to 
be  other  conditions  which  may  give  rise  to  cough,  or  which 
at  least  may  help  in  its  production.  The  changes  produced 
in  the  general  circulation  by  drugs  like  digitalis,  strychnin, 
or  the  nitrites  are  frequently  beneficial.  When  signs  of 
disease  are  present  in  other  organs  (dyspepsia,  etc.),  these 
should  receive  direct  treatment.  General  measures,  such 
as  laxatives,  diaphoretics,  antipyretics,  analgesics,  etc.,  must 
be  used  as  the  indications  arise.  Removal  to  a  more  suita- 
ble climate  is  always  advisable,  and  sometimes  necessary 
in  chronic  bronchitis.  A  dry  climate  is  chosen  if  the  secre- 
tion is  profuse,  and  vice  versa, 

11.  REMEDIES  AFFECTING  COUGH. 
Since  coughing  is  a  reflex  act,  it  may  be  affected  either 
centrally  or  peripherally. 

(A)  For  the  central  treatment  any  drug  may  be  used 
which  depresses  the  respiratory  center.  The  most  useful 
are  the  members  of  the  Morphin  Group,  and  particularly 
Heroin  (see  p.  185).  Chloroform  and  bromids  are  also 
useful,  but  their  action  cannot  be  limited  so  nicely  to  the 
respiratory  center. 

(B)  The  peripheral  treatment  is  to  be  directed  against 
the  inflammation  and  its  attendant  phenomena.     It  must  be 
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modified  according  to  whether  the  seat  of  the  inflammation 
is  or  is  not  accessible  to  local  medication.  The  cause  of 
the  inflammation  is  usually  bacterial,  and  requires  antisep- 
tics. If  seated  above  the  larynx,  these  may  be  administered 
by  way  of  gargles.  If  below  the  larynx,  inhalations  of  the 
volatile  antiseptics  {Creosote,  Turpentine,  etc.)  are  most 
effective.  It  is  often  attempted  to  secure  this  object  by 
giving  volatile  antiseptics  by  the  stomach,  on  the  theory 
that  they  are  excreted  in  sufficient  concentration  by  the 
lung.  This  may  be  considered  doubtful.  However,  all  the 
members  of  the  turpentine  group,  when  present  in  the 
blood,  tend  to  lessen  even  aseptic  inflammatory  processes. 

The  sensory  irritation,  which  is  the  immediate  cause  of 
the  cough,  may  be  diminished  by  demulcents  or  anodynes. 
Whilst  it  is  only  possible  to  apply  these  local  measures 
above  the  larynx,  yet  they  seem  to  be  beneficial  even  in 
more  distant  irritation.  It  may  be  that  the  solutions  spread 
downward  over  the  surface  of  the  mucous  membrane. 

Demulcents  are  colloid  (gummy)  substances,  which  ap- 
pear to  act  simply  mechanically,  by  excluding  the  air  and 
bacteria.  They  play  the  same  role  to  mucous  membranes 
as  salves  do  to  the  skin  (see  Chap.  XXXI,  A).  The  most 
important  in  this  connection  are  Acacia,  Sugar,  Licorice, 
and  the  various  demulcent  teas.  Hot  drinks  of  all  kinds 
are  useful. 

Local  anodynes  act  by  depressing  the  sensory  endings. 
They  possess  in  this  way  no  advantage  over  the  central 
depressants,  and  are  more  difficult  to  apply.  Cocain  and 
Atropin  may  be  used,  the  latter  also  in  the  form  of  the 
smoke  from  burning  stramonium  leaves,  as  for  asthma. 
Hydrocyanic  acid  (commonly  employed  tn  the  form  of 
Syrup  of  Wild  Cherry)  also  appears  to  act  as  anodyne. 
TTie  most  useful  anodyne  measure,  however,  consists  in  the 
inhalation  of  steam. 

The  inflammatory  congestion  may  be  influenced  indirect- 
ly by  counterirritation  or  compresses;  or  directly  by  local 
astringents.  Tannin,  Alum,  or  Ferric  Chlorid  being  the 
most  useful. 

Next  to  the  cough  Itself,  the  most  conspicuous  symptom 
of  these  inflammations  hes  in  alterations  of  the  quantity  or 
character  of  the  bronchial  mucus.  Remedies  which  influ- 
ence this  secretion  are  called   Expectorants.     Their  em- 
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ployment  becomes  particularly  important  if  the  inflamma- 
tion is  seated  in  the  bronchial  divisions. 

The  expectorants  may  be  divided  into  those  which  di- 
minish the  secretion  of  mucus,  being  used  when  this  is  ex- 
cessive; and  those  which  increase,  and  therefore  liquefy, 
mucus,  being  employed  in  cases  of  "  dry  "  cough,  in  which 
the  irritation  arises  from  thick,  scanty,  adherent  mucus. 
The  expectorants  are  also  divided  into  depressant,  stimulant, 
and  indifferent,  according  to  their  effect  upon  the  general 
condition  of  the  patient.  (Note  that  these  terms  do  not 
refer  to  their  effect  upon  the  mucus!) 

Expectorants  which  increase  secretion: 

Depressant;  Nauseants:  Ipecacuanha. 
Apomorphin, 
Tartar  Emetic. 
Sapotoxins  ( Senega) . 
Indifferent;  Neutral  Salts  (lodids). 
Carbonates, 
Pilocarpin. 
Stimulant:  Ammonia  Salts  (Carbonate  or  Chlo- 
rid). 
Digitalis  and  Squills. 

Expectorants  zvhich  diminish  secretion: 

Atropin;  Acids  (hydrochloric);  Turpentine,  Ter- 
pen  hydrate.   Essential  oils    (cubebs)  ;   Aro- 
matic Products   (Benzoates,   Balsams,  Creo- 
sote, Tar,  etc.). 
When  the  accumulation  of  mucus  is  very  great,  it  be- 
comes necessary  to  effect  its  removal  by  the  employment 
of  emetics. 

III.  TREATMENT  OF  COUGH. 

The  underlying  conditions,  when  known,  should  receive 
first  consideration,  but  the  symptoms  may  be  treated  at  the 
same  time.  Antiseptics  and  demulcents  are  always  indi- 
cated. Anodynes,  central  or  peripheral,  are  only  to  be 
used  when  the  secretion  is  not  excessive.  The  choice  of 
expectorants  must  be  governed  by  the  condition  of  the 
mucus,  and  by  the  general  condition  of  the  patient :  the 
depressants  are  often  useful  if  the  cough  is  accompanied 
by  acute  fever.     Their  depressant  action  may  also  be  abol- 
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ished  by  combining  them  with  strychnin,  digitalis,  or  am- 
monium acetate. 

It  will  be  seen  that  different  cases,  and  even  the  same 
case  in  its  different  stages,  require  very  different  treatment. 
The  routine  treatment  of  every  case  by  a  standard  "  cough- 
syrup  "  cannot  be  too  strongly  condemned.  However, 
these  compounds  have  a  use  in  properly  selected  cases, 
and  we  therefore  append  a  list  of  the  most  popular  for- 
mulas. 

IV.  MATERIA  MEDICA  OF  COMPOUND  COUGH  MIXTURES. 

Mistura  Glycyrrhii:<r  Composita  (TJ.S.P.). —  Brown  Mixture. —  The 
dose,  4  c.c.  (teaspoonful)  contains:  Glycyrrhiza,  Sugar,  Acacia; 
Vinum  Aniimonii,  0.25;  Tr.  Opii  Camphor,  0.5  c.c;  Sp.  jEther.  Nit, 
0.12  c.  c. 

Syrupus  ScUla  Compositus  (U.  S.  P.).— Wiw  Syrup.— Dose:  O-S  to 
2  C.C.  (7  to  30  minims)  (2  c.c.  =  30  %.  U.S.P.).  i  c  c,  contains 
Squills,  Senega,  and  0,002  Tartar  Emeiic. 

Trochisci  Cubeba  (U.  S.  P,). —  Cubeb  (0.02  Gm.  of  oleoresin).  Lico- 
rice, Sassafras,  Tolu,  Acacia.     Dose:  One  every  half  hour. 

Elixir  Picis  Composilum,  N.  R—  Wild  Cherry.  Tar.  Tolu,  Methyl 
Alcohol,  Morphia,  and  Wine.  The  dose,  4  c.c.  (teaspoonful),  contains 
Vh  grain  Morphin  Sulphate. 

Species  Pectorales,  N.  F.— Althaa.  Coltsfoot.  Glycyrrhiza,  Anise,  Mul- 
lein, and  Orris.     Used  as  infusion  1  ;  10  ad  libitum. 

Syruptts   Pint  Sirobi  Compositus,   White   Pine   Expectorant,   N.  F.— 
While  Pine  Bark,  Wild  Cherry.  Spitcenard,  Gilead,  Sanguinaria.  Sassa- 
fras, Morphin,  Chloroform.    The  dose  (4  c.c  ^teaspoonful)  contains 
0.002  Gm.   ('/»  grain)   Morphin  Sulphate. 
Study  Maltria  Mcdka  LcMon  41. 


CHAPTER  XXIV. 


OSMOTIC  ACTION;  CATHARTIC  SALTS; 
DIURETICS. 

(A)  OSMOTIC  (SALT)  ACTION. 

Introdnctory.' —  The  strictly  chemic  changes  produced  by  poisons 
are  a^  property  of  their  chemic  composition,  and  are  therefor  specific ; 
differing  in  kind  as  well  as  in  degree  for  each  poison.  The  functional 
changes  resulting  from  the  solution  of  lipoids,  although  they  are 
physical,  are  also  confined  to  a  limited  number  of  poisons  (the  alcohol 
group  and  sapotoxins).  Another  large  class  of  pharmacologic  phe- 
"    la,  however,  result  from  the  physical  properties  of  molecules,  the 
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so-called  "colligative  propertle*,"  which  are  common  to  all  sub- 
stances in  solution,  and  which  are  entirely  independent  of  their  chemic 
composition.  These  colligalive  properties  may  be  measured  by  physical 
methods,  as  will  be  explained  later :  by  the  osmotic  pressure,  the  lower- 
ing of  the  freezing  point,  and  the  raising  of  the  boiling  point  of  the 
solution.  The  phenomena,  lo  which  they  give  rise  in  the  cell,  consist 
mainly  in  alterations  of  the  water  and  sail-content,  and  of  the  internal 
pressure.  These  result  in  functional  disturbances.  The  effects,  as 
has  been  said,  may  be  produced  indifferenlty  by  any  disiolved  sub- 
stance,  and  are  strictly  proportional  to  the  number  of  molecules  con- 
tained in  the  unit-volume  of  the  solvent. 

The  importance  of  these  actions  is,  however,  very  different  for  dif- 
ferent drugs.  In  the  muscle-nerve  poisons,  e.  g.,  the  specific  actions 
are  relatively  so  much  more  intense,  thai  the  physical  actions  are  en- 
tirely overshadowed  and  negligeable.  In  other  cases,  as  with  proleids 
and  colloids  in  general,  the  molecules  are  so  large  that  even  saturated 
solutions  contain  only  a  relatively  small  proportion,  and  therefore  can- 
not exhibit  these  properties  in  a  marked  degree.  On  the  other  hand, 
the  physical  actions  are  very  conspicuous  and  important  in  the  case  of 
the  neutral  sails  of  alkalies,  and  they  are  therefore  commonly  called 
"  Salt- Actions."  In  using  this  convenient  term,  it  must  always  be 
remembered  that  the  same  actions  are  produced  by  substances  which 
are  not  salts  in  the  chemical  sense :  by  acids,  alkalies,  alcohols,  sugars, 
glycerin,  urea,  etc.,  etc.    Osmetic  Action  is  therefore  a  better  term. 

I.  COLLOIDS  AND  CRYSTALLOIDS. 

Graham  in  1861  divided  soluble  substances  into  two  large  classes,  the 
colloids  and  crystalloids.  This  division  has  been  found  so  convenient 
that  it  has  been  retained,  although  it  is  by  no  means  a  sharp  one,  and 
it  has  been  found  necessary  to  modify  his  definitions  considerably. 

The  Colloida  have  a  peculiar  physiologic  importance  since  they  are 
the  most  abundant  constituents  of  protoplasm,  and  determine  its  physi- 
cal characters  and  many  of  its  chemic  properties.  All  colloids,  when 
in  solution,  consist  of  extremely  large  molecules  or  rather  of  collec- 
tions or  "aggregates"  of  molecules.  These  aggregates  are  often  1,000 
to  10,000  limes  as  large  as  ordinary  molecules ;  but  each  aggregate  be- 
haves just  like  a  single  molecule.  It  must  be  evident  thai  the  colloidal 
solutions  possess  the  colligalive  properties  in  only  a  very  slight  degree. 
Furlhermore.  these  large  aggregates  behave  in  many  ways  like  fine 
solid  panicles  in  suspension:  They  tend  to  coalesce  and  to  form  pre- 
cipitates :  they  can  be  partly  separated  from  their  solutions  by  passing 
the  latter  through  appropriate  filters;  they  diffuse  but  slowly  through 
water,  and  scarcely  at  all  through  other  colloids  or  through  animal 
membranes ;  they  develop  only  a  very  small  osmotic  pressure,  and  they 
may  be  charged  with  either  positive  or  negative  electricity,  and  there- 
for wander  with  or  against  the  electric  current. 

The  quasi-solid  character  of  the  aggregate  "particles"  causes  them 
to  exert  a  great  surface  action,  which  is  very  important  to  protoplasm. 
In  virtne  of  this,  they  produce  "adsorption,"  i.  e.,  a  condensation  of 
other  dissolved  molecules  on  their  surface.'  These  condensed  molec- 
ules  are  endowed   with   greater   chemic  activity,   so   that  colloids   may 

<Thi>  power  of  condpnutian  hal  lone  b«n  known  Ir.  tfae  ok  of  cha^oal. 
Ipongy  plalinum,  etc.  Even  rclalivdy  coarse  partielei,  »uch  as  s»nd  or  filler- 
paprr.  «eni  id  pos.vi>  a  similar  aclion.  thouRh  in  a  lets  dettm:  for  it  bis  been 
shown  by  True  &  Oelevee  (1904)  lh»t  iht  tonic  action  of  dilute  solutions  of 
metals  is  diminished  if  Ihese  are  Itealed  with  sand  or  olfaer  indilTereilt  insoluble 
powder),  wfaich   act  apparently  by  removing   (he  metallic  talt   from   the  solution* 
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act  as  catalyzing  agents  or  ferments.'  They  also  adsorp  water  in  a 
similar  manner.  This  "  imbiUtion  "  causes  a  swelling  of  the  colloids 
if  they  are  in  a  solid  or  gelatinous  condition  (see  below).  The  ad- 
sorption is  perhaps  an  electric  phenomenon. 

The  manifold  resemblances  of  colloid  solutions  to  suspensions  sug- 
gest that  the  aggregates  are  in  reality  solid.  There  can  be  little  doubt 
that  this  is  true  for  some,  for  instance  for  the  colloid  metals;  but 
the  crystallization  of  proteids  proves  as  conclusively  that  the  latter 
form  true  solutions.  It  would  seem,  therefor,  that  colloids  may  present 
all  gradations  from  the  solid  to  the  dissolved  state,  according  to  the 
size  of  the  aggregates.  This  is  not  constant,  even  for  a  given  colloid, 
but  varies  according  to  several  conditions.  This  fact  is  of  very  great 
importance,  for  the  size  of  the  colloidal  particles  determines  the  Huidity 
and  solidity,  or  the  viscidity,  of  the  solution;  the  viscidity  increasing 
vAth  the  size  of  the  aggregates.  This  determines  the  three  atatei  In 
which  colloids  niay  exist; 

If  the  size  of  the  aggregates  is  comparatively  small,  the  solution 
exhibits  the  ordinary  characters  of  a  fluid  ;  this  condition  is  called  a 
"sot"  (if  the  solvent  is  water,  a  "hydrosol").  As  the  size  of  the 
aggregate  increases,  the  sol  becomes  more  and  more  viscid,  until  it 
finally  sets  into  a  jelly,  when  il  is  called  a  "gel"  (hydrogel).  TTie  gel 
resembles  a  solid  in  preserving  its  form,  when  it  is  not  subjected  to 
external  agencies.  But  it  also  resembles  fluids  in  being  readily  changed 
by  external  causes,  and  in  permitting  the  penetration  of  water,  and 
the  diffusion  of  crystalloids.  The  latter  penetrate  it  almost  as  rapidly 
as  they  would  water.  Chemical  reactions  may  occur  in  its  interior  very 
much  as  they  would  in  water.  Other  colloids,  however,  cannot  diffuse 
through  a  gel. 

Protoplasm  is  a  gel,  of  various  degrees  of  fluidity.  Dried  colloids 
may  be  considered  as  very  solid  gels.  If  the  size  of  the  aggregates 
increases  still  further  they  are  precipitated,  i.  e.,  they  lose  all  the  char- 
acters of  solutions,  and  become  typical  solids.  The  question  will  nat- 
urally suggest  itself:  What  deterinlnes  the  size  of  the  aggregates? 
It  is  a  familiar  phenomenon  (/.  i.,  in  the  case  of  oil  or  mercury)  that 
small  panicles  suspended  in  a  liquid  tend  to  coalesce  to  form  larger 
particles.  The  molecular  particles  in  colloid  solutions  possess  the  same 
tendency,  as  is  shown  by  the  readiness  with  which  they  may  be  pre- 
cipitated. They  are  only  kept  apart  by  their  molecular  motion,  and 
by  their  electric  charges.  The  more  the  motion  is  increased  (e.  g.,  by 
increasing  the  quantity  of  solvent,  or  by  raising  the  temperature  within 
the  limits  which  do  not  produce  chemic  changes)  the  greater  will  be 
the  tendency  of  the  aggregates  to  fly  apart,  and  to  form  smaller  ag- 
gregates. It  is  quite  conceivable  that  this  motion  and  separation  are 
really  electric  phenomena.  We  know  that  the  colloid  particles  may  be 
charged  with  electricity,  either  positive  or  ne^tive.  Since  all  the 
particles  in  a  solution  are  charged  with  electricity  of  the  same  sign 
(let  us  say  with  negative  electricity,  since  this  is  the  case  with  most 
protoplasm),  they  repel  each  other,  just  as  do  the  gold  leaves  of  an 
electroscope.  Any  increase  of  the  charge  (negative  in  our  example) 
increases  this  repulsion,  and  consequently  diminishes  the  size  of  the 
aggregates  and  the  viscidity  of  the  solution.  If,  on  the  other  hand,  a 
small  amount  of  electricity  of  the  opposite  sign  ('positive)  is  intro- 
duced, some  of  the  charges  carried  by  the  particles  are  neutralized 
and  they  tend  to  coalesce.  It  this  (positive)  electricity  is  increased 
beyond  the  point  when  all  the  original  (negative)  charges  are  neutral- 
ized,  the   particles   will   become   charged   with   positive  electricity,   and 

'Colloid   metali,   i.   e.,   metals   in   colloid   aolulion,   acquire   such   catalyiins 
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again  fly  ^part.  These  mod ificaf ions  may  be  produced  by  the  passage 
of  an  electric  current;  and  also,  by  the  electric  charges  of  the  ions  (see 
next  chapter)  of  electrolytes.  The  latter  (salts,  acids,  and  bases)  may 
therefor  influence  the  stale  of  aggregation  of  colloids  by  withdrawing 
water  and  by  altering  the  electric  charges.  There  is  yet  another  way 
in  which  the  stale  of  aggregation  may  be  varied,  viz.,  by  chemic  action. 
This  introduces  at  once  profound  changes  in  the  state  of  aggregation, 
and  in  the  electric  condition. 

All  these  changes  which  we  have  just  described  for  colloid  solutions 
may  be  observed  in  livin-g  cells:  Withdrawal  of  water,  lowering  of 
temperature,  decrease  of  the  electric  charge,  and  certain  chemic  changes, 
render  the  protoplasm  more  viscid,  opaque,  and  granular,  and  dimin- 
ish its  motility.  A  reversal  of  these  conditions  leads  to  the  opposite 
effects. 

Crystalloids'  possess  relatively  small  molecules,  possess  the  colliga- 
tive  properties  in  a  high  degree  {e.  g.,  they  can  exert  a  large  osmotic 
pressure)  and  diffuse  readily  through  animal  membranes  and  through 
colloids  generally.  They  do  not  form  aggregates  or  gels,  and  do  not 
exert  the  surface  actions.  They  are  divisible  into  electrolytes  and  non- 
electrolytes  (see  next  chapter), 

II.  OSMOSIS.' 
This  term  is  applied  to  the  physical  phenomena   which 
result  when  solutions  are  brought  in  contact  through  mem- 
branes permeable  to  the  solvent.     It  covers  the  subjects  of 
diffusion  and  dialysis. 

1.  Hydrodiffndon —  If  a  solution  of  common  salt  be 
poured  into  a  vessel,  and  on  this  some  water,  it  will  be 
found  that,  even  if  every  conceivable  precaution  has  been 
taken  not  to  mix  the  liquids,  the  upper  watery  layer  will 
after  a  time  contain  sodium  chlorid  molecules,  and  finally 
the  composition  of  all  layers  of  the  liquid  will  be  uniform. 

This  is  explained  by  the  fact  that  the  salt  molecules  are  constantly 
in  motion,  traveling  freely  in  all  directions  in  the  liquid,  in  the  same 
manner  as  gas  molecules.  A  certain  number  will  always  pass  toward 
and  into  the  watery  layer,  and  remain  there.  Other  molecules  will 
return  from  the  upper  to  the  lower  layer.  But  more  will  go  in  the 
first  direction  than  in  the  second,  until  the  proportion  of  molecules  in 
all  layers  of  the  liquid  is  the  same.  Whilst  the  process  is  infinitely 
more  slow  than  in  the  case  of  gases,  the  final  outcome  is  precisely  the 

2.  Penneable  Hembranei — Let  us  suppose  that  ive  sepa- 
rate the  two  liquids  by  a  membrane,  instead  of  placing  them 
in  direct  contact.  If  the  molecules  of  both  salt  and  water 
pass  readily  through  the  physical  pores  of  this  membrane, 
the  phenomena  of  hydrodiffusion  will  not  be  changed  in 
any  essential  feature. 

'  The  classificalion    <9   not    determined   by   Ibe    fomulion    of  ctjM«I>,   but   bj 


,ab,GoOglc 


OSMOTIC   PRESSURE.  523 

The  process  of  diffusion  would,  of  course,  be  somewhat  slower,  for  a 
certain  number  of  molecules  would  not  hit  upon  a  pore,  and  would  re- 
bound. 

A  "  permeable  membrane,"  then,  slows,  but  does  not 
otherwise  modify,  the  process  of  hydrodiffusion. 

3.  Semipermeable  MembraneB —  Osmotic  Pressure. —  A 
"  semipermeable  membrane  "  '  is  one  which  allows  the  pas- 
sage of  one  sort  of  molecules  {usually  the  solvent),  whilst 
impervious  to  another  (usually  the  dissolved  substance). 
The  interposition  of  such  a  membrane  between  a  solution 
and  its  solvent  introduces  very  important  modifications  in 
the  above  process,  and  results  in  the  development  of  "  os- 
motic pressure." 

Every  molecule,  by  striking  against  the  wall;  of  the  contaitier.  or 
against  other  molecules,  exerts  a  certain  pressure,  which  is  precisely  the 
same  whether  the  substance  is  in  the  form  of  a  gas  or  of  a  solution. 
If  the  same  number  of  molecules  per  cubic  space  exist  in  two  solu- 
tions separated  by  a  semi -permeable  membrane,  the  pressure  will  be 
equal  on  each  side  of  the  membrane.  The  nature  of  the  molecules  is 
immaterial  in  this,  as  long  as  they  all  penetrate  through  the  membrane 
with  equal  readiness.  If  all  the  molecules  can  pass  through  the  mem- 
brane, an  exchange  will  take  place;  but  since  as  many  pass  to  one 
side  as  to  the  other,  there  will  be  no  difference  in  the  pressure  in  the 
two  compartments.  If,  on  the  other  hand,  the  molecules  on  the  one  side 
can  pass  through  readily,  whilst  some  of  the  molecules  on  the  other 
side  are  not  capable  of  diffusing  through  the  membrane,  then  the  pres- 
sure in  the  two  compartments  will  become  unequal. 

The  non-diffusable  molecules  will  all  rebound  from  the  membrane, 
and  so  remain  confined  to  their  own  side.  The  diffusible  molecules 
will,  like  gases,  tend  to  pass  through,  irrespective  of  the  other  molecules, 
until  they  exist  in  equal  concentration  on  each  side.  If  a  solution 
consisting  of  x  molecules  of  salt  and  (y  — J)  molecules  of  water  per 
cubic  centimeter  were  inclosed  in  a  closed  vessel  and  separated  from 
water  containini;  j  molecules  per  cubic  centimeter  by  a  semi -permeable 
membrane,  then  water  would  pass  into  the  solution  until  it  also  con- 
tained y  molecules  of  water  per  cubic  centimeter.  But  it  would  then 
also  contain  x  molecules  of  salt.  Its  total  molecular  concentration  per 
cubic  centimeter  would  therefore  he  y  +  x;  higher  by  x  than  that  of 
the  liquid  outside  of  the  vessel.  The  pressure  in  the  vessel  would 
,    therefore  be  increased  by  x  molecules. 

This  excess  of  pressure  is  called  the  "  Osmotic  Pressure," 
or  "Osmotic  Tension." 

The  procesi!  correspond'  exactly  to  the  diffusion  of  gases;  so  that 
it  may  be  said  that  dissolved  molecules  behave  precisely  like  gaseous 
molecules   (Van't  ffoff's  Throry). 

The  osmotic  pressure  may  be  measured  directly  by  placing  a  sugar 

solution  in  a  porous  cup.  the  walls  of  which  have  been  coated  with  a 

'  The    inosl    typical    9*mip*ni«Bble    membrane    is    fomwd    of    ferrocyanid    of 
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deposit  of  ferrocyanid  of  copper.  The  cup  is  provided  with  a  mano- 
meter, and  dipped  in  a  vessel  of  water.  By  the  direct  measurement,  it 
is  found  that  the  osmotic  pressure  exerted  by  a  molecule  in  solution 
corresponds  quaniita lively  to  the  pressure  of  a  molecule  in  gas  form ; 
and  the  osmotic  pressure  obeys  the  laws  of  gases.  As  applied  to  osmotic 
pressure,  these  would  read ; 

BoyU-Mariotte's  Lavs:  With  constant  temperature,  the  osmotic  pres- 
sure of  a  solution  is  proportional  to  its  concentration. 

Gay-Lussac's  Laur:  With  equal  concentration,  the  osmotic  pressure 
grows  by  Vm  for  each  degree  C. 

Avogadro's  Law:  With  equal  osmotic  pressure  and  equal  tempera- 
ture, equal  volumes  of  solutions  contain  the  same  number  of  dissolved 
molecules,  and  the  same  number  as  would  be  contained  in  an  equal 
volume  of  gas  of  the  same  temperature  and  presence. 

The  pressure  exerted  by  a  gram-molecule  (the  molecular  weight 
expressed  in  grams)  or  "mol"  of  any  substance  equals  22.34  at- 
mospheres. In  a  "molecular"  solution  therefor  (one  containing  a  mol 
dissolved  in  a  liter  of  solvent)  the  osmotic  pressure  would  raise  a 
column  of  water  to  a  height  of  about  725  feet!  The  osmotic  pressure 
of  the  salts  in  the  blood  would  raise  it  about  250  feet.  Tliis  may  suf- 
fice to  indicate  the  enormous  molecular  force  latent  in  solutions. 

There  exists  some  confusion  in  the  conception  of  molecular  lolutions 
(abbreviated  as  "  M  ").  The  definition  given,  that  of  Raoult,  is  un- 
doubtedly the  correct  one.  It  is  inadmissible  to  dissolve  the  mol  in 
water  enough  to  make  a  liter  (Arrhenius's  method),  as  is  commonly 
done  in  making  chemical  solutions. 

Molecular  solutions  are  sometimes  called  "normal."  This  is  ob- 
jectionable ;  for  the  normal  solution  of  chemists  differs  from  the 
molecular  solution,  in  that  the  molecular  weight  is  divided  by  the 
valence.    The  normal  so'    "  '..-..■.  •        ■.     .-^ 

from  the  above ;  they  s 
to  0.9%. 

An  actual  osmotic  pressure  will  only  be  developed  if  the 
solution  is  confined;  if  it  is  free  to  expand,  the  incoming 
molecules  will  merely  increase  the  volume  of  the  fluid. 

In  this  way  a  single  molecule  of  a  non-diffusible  salt  would  theoret- 
ically be  capable  of  attracting  an  infinite  amount  of  water  across  a 
semi -perm  cable  membrane  —  for  it  is  evident  that  the  number  of 
HiO  molecules  per  cubic  space  would  always  be  less,  by  the  molecules 
of  salt,  than  they  are  in  pure  water. 

The  rapidity  with  which  water  will  pass  into  the  salt 
solution  across  the  same  impermeable  membrane  will,  of 
course,  depend  upon  the  concentration  of  salt:  i.  e..  the 
partial  vacuum  of  HgO  molecules  in  the  solution.  The 
rate  of  osmosis  will  therefore  be  slowed  as  the  process  pro- 
gresses. 

If  two  solutions  having  the  same  molecular  concentra- 
tion in  dissolved  substance  (/.  e.,  which  are  "  cquimolccu- 
lar")  are  separated  by  a  semipermeable  membrane  imper- 
meable to  the  dissolved  substance,  it  is  evident  that  no  ex- 
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change  of  liquid  will  occur.  Such  solutions,  having  the 
same  osmotic  tension,  are  called  "  isotonic  "  to  each  other, 
(In  physiologic  literature  "isotonic"  usually  means  solu- 
tions having  the  same  concentration  as  blood-serum.) 

It  is  scarcely  necessary  to  mention  that  equi molecular  solutions  of 
different  substances  do  not  contain  the  same  percentage  of  the  dis- 
solved salt,  but  the  same  number  of  gram-molecules.  The  molecular 
weight  of  NaCl  being  58.4;  and  of  KCI,  74.4  —  a  7.44%  solution  of 
the  latter  would  be  isotonic  10  a  5.84%  solution  of  the  former. 


If  one  solution  has  a  greater  molecular  concentration 
than  the  other,  water  will  pass  from  the  weaker  into  the 
stronger  solution  until  both  have  the  same  concentration. 
The  stronger  is  then  called  "  hyper-iso  tonic  ";  the  weaker, 
"  hypo-isotonic."  Both,  not  being  isotonic,  are  called  "  an- 
isotonic." 

Another  class  of  membranes  —  and  by  far  the  most  im- 
portant from  our  standpoint,  since  they  are  most  generally 
represented  in  the  animal  body  —  are  only  partly  semiper- 
meable; i.  e.,  they  are  partly  permeable  to  salts,  though  less 
readily  than  to  water;  and  they  are  more  permeable  for 
some  substances  than  for  others.  In  this  case  the  results 
will  be  intermediate  between  permeable  and  semipermeable 
membranes.  They  obey  at  first,  for  the  main  part,  the  laws 
of  the  latter ;  later,  of  the  former.  We  may  study  this  on 
several  hypothetic  examples. 

1,  Let  us  assume  a  membrane  perfectly  permeable  to  uvter  and 
NaCl,  perfectly  impermeable  to  proteids,  and  separating  solutions  of 
these  two  substances.  It  will  be  plain  that  if  the  NaCl  passes  as 
readily  as  water,  it  will  obey  precisely  the  same  taws  as  the  latter;  in 
other  words,  our  NaCl  solution  will  behave  precisely  like  water,  and 
this  no  matter  what  its  concentration.  With  a  membrane  of  this 
kind,  the  weakest  proteid  solution  would  in  the  end  be  hyperisotonic  to 
the  strongest  NaCl  solution. 

So  that  equimolecular  solutions  are  isotonic  only  if  the 
separating  membrane  is  equally  impermeable  to  both  dis- 
solved substances. 

2.  Let  us  assume  a  membrane  which  is  perfectly  permeable  to  water, 
and  twice  as  permeable  to  NaCl  as  to  sugar;  1.  e..  that  if  solutions  of 
equal  concentration  of  these  two  substances  are  diffused  across  the 
membrane  against  pure  water,  twice  as  many  molecules  of  NaCl  will 
pass  in  a  given  lime  into  the  latter  than  of  sugar.'    Let  us  assume 

solutions  pan  through  a  giv«n  ineinbrane  ii  called  the  "  tnilial  Rait  of  Osmotii." 
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that  this  membrane  separates  equimolecular  solutions  oE  these  two  sub- 
stances. Then,  in  a  given  time,  when  x  molecules  of  sugar  have  been 
passed  inio  the  NaCI  solution,  2  x  molecules  of  NaCI  will  have  passed 
into  ihe  sugar  solution.  A  corresponding  amount  of  water  will  also 
have  passed  in  order  to  keep  the  concentration  of  the  HtO  'molecules 


So  that  the  less  easily  diffusible  substance  produces  at 
first  a  higher  osmotic  tension  than  the  more  easily  dif- 
fusible. 

It  will  be  readily  understood,  however,  that  when  the  ratio  of  NaCI 
molecules  has  become  the  same  in  both  solutions,  the  exchange  of 
sugar  molecules  will  still  be  proceeding,  and  will  gradually  lessen  tlie 
difference  in  osmotic  tension  until  both  solutions,  in  the  course  of  time, 
will  again  become  isotonic. 

It  is  largely  by  virtue  of  this  different  permeability  of 
the  cell-wall  to  different  substances  that  the  cells  of  the 
body  are  able  to  preserve  their  integrity  in  the  face  of  con- 
siderable changes  in  their  environment. 

All  cells  are  relatively  impermeable  to  proteids;  their  permeability  to 
other  substances  is,  however,  very  different  for  the  individual  tissues. 
Thus,  the  intestinal  wall  is  impermeable  to  sulphates,  which  pass  the 
kidneys  with  great  readiness. 

If  a  membrane  is  impermeable  to  both  solvent  and  salts, 
no  osmotic  tension  can,  of  course,  be  developed,  since  this 
presupposes  the  more  ready  passage  of  one  molecule  than 
of  another. 

4.  Laws  of  Osmosis. —  For  convenience,  the  data  which 
have  been  discussed  in  the  preceding  paragraphs  may  be 
summed  up  in  the  form  of  laws: 

1.  Solutions  separated  by  a  membrane  permeable  to 
water  tend  to  have  an  identical  molecular  composition,  both 
in  number  and  kind  of  molecules. 

2.  If  the  membrane  is  perfectly  permeable  to  both  solv- 
ent and  dissolved  substance,  the  exchange  of  molecules  will 
take  place  without  change  in  pressure  or  volume. 

3.  If  the  membrane  is  less  permeable  to  the  dissolved 
substance  than  to  the  solvent,  an  increase  of  liquid,  or  in- 
crease of  tension,  will  occur  in  the  stronger  solution. 

4.  If  a  membrane  is  differently  permeable  to  one  dis- 
solved substance  than  to  another,  equimolecular  solutions 
of  the  less  diffusible  substance  will  be  hyperisotonic  to  the 
more  diffusible. 
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III.  ELECTROLYTIC  DISSOCIATION. 

Calculation  of  Osmotic  Pressure  and  Molecular  Concentration. — 

Since  it  is  very  difiicult  lo  construct  perfect  semi-permeable  mem- 
branes, the  osmotic  pressure  is  not  usually  measured  directly,  but  is 
calculated  by  diluting  the  solution  until  it  is  isotonic  to  a  known  solu- 
tion in  its  effects  on  cells;  the  laking  of  red  corpuscles  being  generally 
taken  as  the  index  (Hamburger's  method).  For  the  determination  of 
the  molecular  concentration,  advantage  is  taken  of  the  fact  that  the  boil- 
ing and  freeing  point  of  solutions  are  proportional  to  their  molecular 
concentration.  The  determination  of  the  freezing  point,  by  Beck- 
mann's  apparatus,  is  particularly  convenienL 

The  depression  of  freezing  point  (denoted  by  ^)  is 
strictly  proportional  to  the  molecular  concentration ;  every 
mol  of  substance  per  liter  of  solution  depressing  the  freez- 
ing point  of  water  by  1.85°  C.  and  this  no  matter  what  the 
nature  of  the  substance  {RaotUfs  Law). 

According  to  this  law,  the  molecular  concentration,  and  therefore 
the  freezing  poini,  osmotic  tension,  etc.,  should  be  calculable  by  divid- 
ing the  per  cent,  of  the  solution  by  Vw  the  molecular  weight  of  the 
dissolved^ substance.  This  is  found  to  hold  true  for  concentrated  solu- 
tions of  all  substances,  and  for  dilute  solutions  of  non-electrolyUs — 
substances  which  do  not  conduct  the  electric  current,  such  as  the 
sugars,  urea,  glycerin,  alcohol,  etc.  Dilute  solutions  of  electrolytes  — 
salts,  acids,  or  bases, —  however,  show  a  greater  concentration  than 
would  be  deduced  from  Raoult's  law. 

A  solution  of  NaCl  containing  0.584  gram  of  NaQ  per  liter  (equals 
Vio.  mol)  should  depress  the  freezing  point  by  0.0185°.  It  is  found, 
however,  that  its  depression  is  nearer  to  0.03° ;  almost  twice  as  great 
as  would  be  expected.  Very  dilute  solutions  of  Na»SO,  have  three 
times  the  calculated  concentrations;  those  of  H.PO.,  four  times. 

To  account  for  these  differences,  Arrkcnius  advanced  the 
hypothesis  that  a  certain  proportion  of  the  electrolytic 
molecules  separate  into  their  constituents:  NaCl  into  Na 
and  a ;  Na2S04  into  Na,  Na.  and  SO4 ;  H.^PO*  into  H.  H, 
H,  and  PO4.  Each  of  these  fractions  exerting  the  coUiga- 
tive  properties  of  molecules,  would  cause  a  corresponding 
depression  of  the  freezing  point.  The  proportion  of  mole- 
cules which  undergo  (his  dissociation  is  proportional  to  the 
dilution.  We  can  imagine  that,  as  the  molecules  separate 
from  each  other,  their  constituent  parts  also  separate. 

The  degree  of  dissociation  is  fairly  constant  for  the  same  degree  of 

dilution.  In  1%  solution  of  NaCl  (and  in  blood)  about  82.8%  of  the 
molecules  undergo  this  process,  and  about  the  same  percentage  in 
equimolecular  solutions  of  KCl  or  NH.CI.  Dissimilar  elements,  such 
as  Mg,  Ca.  S0„  PO..  etc.,  have  a  different  constant.  If  several  salts 
are  present  in  a  solution  —  particularly  if  they  have  a ' — 
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the  degree  of  dissociation  of  each  salt  will  be  less  than  if  it  were 
present  alone  in  the  same  concentration,  but  greater  than  if  it  were 
present  alone  in  the  concentration  corresponding  to  the  sum  of  the  sev- 
eral salts. 

The  total  molecular  concentration  of  a  dilute  solution  of  a  single 
salt  corresponds  to  the  number  of  undissociated  molecules,  plus  the 
number  of  dissociated  molecules  multiplied  by  the  number  of  parts 
into  which  they  divide.  For  instance,  if  80%  of  the  NaCI  molecules 
in  a  solution  are  dissociated,  the  concentration  will  be  i  -0.8+  (0.8  X 
2)  =  1.6  times  the  theoretical ;  if  80%  of  Na.SO,  is  dissociated,  it  will 
be  1—0.8+  (o.8X3)=2.6, 

Limitation  of  Terms. —  To  avoid  confusion  it  may  be  well  to  con- 
fine the  term  "  mot,"  or  better,  "  molion,"  to  the  molecular  concentra- 
tion actually  deduced  from  the  freezing  point  (1.  e..  1.6  in  the  preced- 
ing example  of  NaCI);  and  "  graui-motecule "  to  the  concentration 
deduced  from  the  molecular  weight  (i.  e,,  i  on  the  example),  without 
taking  account  of  the  dissociation.  The  abbreviation  "  M  "  is  always 
applied  to  the  latter.  Several  solutions  may  be  related  to  each  other 
in  the  following  ways:  Eqmmolecular  (same  number  of  gram- 
molecules)  ;  EqwosmoHc  (same  number  of  molions)  ;  and  Isotonic 
(same  effect  on  a  given  cell). 

The  dissociation  of  salts,  as  revealed  by  the  freezing 
point,  bears  a  striking  relation  to  the  conductivity  of  salt 
solutions  for  electricity.  It  has  been  found  that  salt  solu- 
tions conduct  electricity  proportionately  better  the  more 
they  are  diluted.  If,  e.  g.,  a  solution  which  contains  o.i 
mol  has  a  coefficient  of  conductivity  which  we  will  call 
"  K,"  a  solution  which  contains  only  o.oi  mol  will  have  a 
coefficient  higher  than  ^.  This  increase  is  exactly  pro- 
portional to  the  increased  dissociation,  as  estimated  by  the 
freezing-point  method.  From  this  it  may  be  concluded 
that  electricity  is  conducted  only  by  the  dissociated  parts. 
These  fractions  of  the  molecules  are  called  Ions. 

Theory  of  Ionization.— Electricity  may  be  assumed  to  consist  of 
atom-like  elements.  "  eUctrons."  which  are  united  with  the  constituents 
of  the  salt  molecules.  According  to  the  theory  of  the  twofold  nature 
of  electricity,  there  are  two  kinds  of  electrons,  positive  and  negative, 
whidi  may  be  denoted  as  ©  and  0.  The  ©  is  combined  with  the 
H,  metal,  or  so-called  basic  constituents.  These  are  therefor  said  to 
carry  a  positive  charge ;  consequently  they  wander  to  the  negative 
pole  or  cathode,  if  a  current  is  passed  through  the  solution,  and  arc 
called  cothioas.  The  Q  combines  with  the  "  acid  radicle "  of  a  salt, 
or  with  the  OH  of  a  base,  which  therefor  carry  a  negative  charge,  go 
to  the  anode,  and  are  called  anions.  In  concentrated  solutions,  the 
two  charges  approach  sufficiently  close  to  neutralize  each  other,  and 
the  two  ions  combine  into  an  ordinary  molecule,  e.  g.,  NaCI.  In  dilute 
solutions  they  are  separated  so  far  as  to  exert  no  attraction,  and  act 

A 
as  independent  molecules;  they  might  be  represented  as   Na'    ^ai»d 

A  e      e 

a';  or  more  briefly,  as  Na  and  CI. 


.dbyCoogle 


DISSOCIATION.  529 

[Another  hypothesis  is  finding  favor,  according  to  which  there  is 
but  one  kind  of  electron,  viz.,  the  negative;  the  positive  electron  being 
merely  an  unsaturated  affinity  for  a  charge.    The  molecule  NaG  would 

therefor  be  represented  as  Na^^  C\ ;  the  ions  as  Na  and  Cr\ 
There  is  no  difficulty  in  stating  most  of  the  facts  in  the  terms  of  either 
hypothesis,  but  it  is  more  convenient  to  retain  the  terms  positive  and 
negative  electrons.] 

It  is  scarcely  necessary  to  insist  that  the  ions  are  not  identical  tvith 
atoms  (from  which  they  differ  in  that  they  carry  charges),  nor  with 
the  free  elements  (which  exist  as  molecules).    In  a  dilute  solution  of 

NaCl  there  does  not  exist  metallic  Na  ('Na-'^Nal  nor  gaseous  chlorin 

C\^C\).  but  Na  tons  (Na'')  and  CI  ions  (a"^),  whose  properties 
are  altogether  different.  It  must  also  be  remembered  that  this  ioniza- 
tion exists  in  only  a  limited  class  of  compounds,  viz.,  in  all  acids,  bases, 
and  salts  (electrolytes),  and  not  in  compounds  which  do  not  conduct 
electricity  (non-electrolytes). 

The  electric  charges  are  especially  important,  since  they  may  leave 
the  ions  to  combine  with  the  tissue  elements,  so  that  the  electrolytes 
cause  electric  stimulation  of  the  protoplasm  (see  Chapter  XXV,  A). 

IV.  PHYSIOLOGIC  PHENOMENA  OF  SALT  ACTION. 

It  may  now  be  attempted  to  apply  these  physical  proc- 
esses of  salt  action  to  the  phenomena  of  life.  It  is  neces- 
sary to  distinguish  between  isotonic  and  OMtsotontc  solu- 
tions, but  it  will  be  seen  that  salt  action  always  produces 
much  the  same  final  results,  although  the  means  by  which 
these  are  brought  about  are  exactly  opposite  in  the  different 
cases. 

I,  Eifects  on  the  Composition  of  the  Cells. —  Most  cells 
behave  as  if  they  were  surrounded  by  a  partly  semipermea- 
ble membrane.  If  the  molecular  constitution  of  the  me- 
dium surrounding  the  cells  be  in  any  way  changed,  this  will 
effect,  in  the  first  place,  a  change  in  the  total  water  or  salt 
content  of  the  cell.  A  hyperisotonic  solution  will  cause  the 
withdrawal  of  water,  and  a  hypoisotonic  solution  the  with- 
drawal of  salts.  If  the  ratio  of  the  different  salts  in  the 
surrounding  medium  is  not  the  same  as  that  in  the  cells, 
their  ratio  in  the  latter  will  also  be  altered.  Again,  when 
salts  are  drawn  out  of  the  cell,  it  must  be  expected  that 
certain  of  its  salts  will  leave  more  quickly  than  others. 

The  changes  will  be  the  greater,  on  the  whole,  the  more  the  com- 
position of  the  surrounding  liquid  departs  from  that  of  the  cell.  The 
total  molecular  concentration  of  the  plasma,  lymph,  and  other  body 
fluids  (except  urine  and  gastric  juice)  of  all  mammals  is  verj;  close 
to  0.33  mol  per  liter,  corresponding  to  A  0.56.  The  concentration  of 
the  protoplasm  itself  is  somewhat  higher,  since  it  tends  to  be  constantly 
1—34 
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increased  by  the  chemical  processes  of  the  cell.  The  normal  concen- 
tration of  the  blood  and  lymph  must  be  considered  the  best  for  the 
function  of  the  cell.  Its  maintenance  is  evidently  of  the  highest  im- 
portance, to  judge  from  the  fact  that  it  resists  very  violent  measures. 
It  is  not  altered  by  the  quantity  of 'fluid  or  salt  in  the  food;  nor  by 
hydremia  produced  by  hemorrhage;  nor  by  thickening  the  blood  by 
profuse  diaphoresis.  The  intravenous  injection  of  anisotonic  solutions 
alters  it  but  temporarily.  About  the  only  method  of  raising  it  per- 
manently consists  in  interfering  with  the  regulating  mechanism,  by 
seriously  injuring:  the  kidneys ;  and  then  it  proves  fatal  when  the  A  ap- 
proaches 0.8*  C,  The  importance  of  conq)aratively  slight  changes  in 
the  concentration  is  also  shown  strikingly  by  the  red  blood  corpusclesi 
These  swell  in  hypoisotonic,  and  shrinK  (crenate)  in  hypertonic  solu- 
tions. If  the  serum  is  diluted  to  A  0.35,  the  hemoglobin  begins  to 
leave  the  corpuscles,  their  structure  being  destroyed.'  There  is  reason 
to  believe  that  the  same  holds  for  most  other  cells,  and  that  the  limits 
between  which  cells  of  mammals  can  functionate  at  all.  are  comprised 
between  A  0.35  and  0.6  or  somewhat  higher.  This,  however,  is  not 
the  limit  of  life:  In  the  lower  marine  animals,  the  A  of  the  blood 
is  much  higher,  and  in  the  lower  sweet-water  animals  it  is  much 
lower.  In  the  former,  a  concentration  equal  to  that  of  the  serum  of 
mammals,  would  liberate  the  hemoglobin.  In  other  words,  the  re- 
sistance of  cells  is  somewhat  adapted  to  their  normal  environment. 
This  resistance  is  curiously  developed  in  the  small  fish  Fundulus, 
which  thrives  equally  well  in  sea  water  and  in  distilled  water.  It  is 
due,  in  this  case,  to  a  high  degree  of  impermeaWlity  to  both  water 
and  salts.  With  most  cells,  however,  any  departure  from  the  normal 
concentration  of  the  liquid  in  which  they  are  bathed,  produce  the 
structural  changes  which  we  would  expect;  these  can  be  beat  seen  in 
monocellular  organisms  or  ova:  these  show  shrinkage  or  swelling, 
condensation  or  liquefaction,  precipitation  or  solution.  These  often 
lead  to  even  more  important  secondary  decompositions,  which  may 
cause  the  cell  to  swell  even  more  in  a  hyperisotonic  solution,  than  they 
do  in  water  (Sollmann,  1904). 

All  these  changes  are  referable  to  alterations  in  the  total 
molecular  concentration.  The  accompanying  changes  in 
the  ratio  of  the  diiTerent  salts  are  of  at  least  equal  impor- 
tance, as  will  be  shown  in  the  next  chapter. 


The  cells  have  a  protective  mechanism  against  these  changes,  by 

"""■     lay  be  termed  a  selective  permeability  of  their  cell  wall;  some 

ssing  in  or  out  of  the  cell  more   readily  than  others.    This  is 


what  may  be  termed  a  selective  permeability  of  their  cell  wall ;  some 
ions  passing  in  or  out  of  the  cell  more   readily  than  others.    '^'  '-   '" 
I  adjusted  that  a  cell   will   preserve  its  normal  composition 


face  of  the  ordinary  accidental  changes  of  its  environment ;  although 
it  is  not  proof  against  the  greater  artiflcial  changes.  This  selective 
permeability  varies  for  each  class  of  cells :  some  being  impermeable 
to  one  substance,  and  others  to  another.  It  appears  also  as  if  the 
permeability  were  often  greater  in  one  direction  than  in  another. 
Whilst  these  functions  may  be  considered  to  be  physical,  depending 
solely  on  the  character  of  the  cell  wall;  they  are  nevertheless  inti- 
mately connected  with  the  normal  structure  of  the  cell,  and  are  greatly 
modified  after  death. 
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2.  Effects  on  the  Functions  of  Cells. —  These  physical  al- 
terations in  the  composition  of  the  cells  entail  corresponding 
changes  in  their  function,  consisting  in  a  mild  or  strong 
stimulation,  often  irritative;  passing  into  depression  if  the 
changes  have  been  large.  The  irritant  phase  seems  to  pre- 
dominate with  hyperisotonic  solutions,  whilst  hypoisotonic 
solutions  tend  more  to  depression. 

With  most  cells  the  main  changes  fall  upon  their  mei- 
abolism.  These  nutritive  changes  are  most  pronounced  in 
the  cells  of  lowest  vitality.  As  a  rule,  pathologic  forma- 
tions possess  less  resistance  than  normal  tissue,  so  that  one 
of  the  most  conspicuous  phenomena  of  the  general  salt  ac- 
tion is  the  breaking-down  of  pathologic  formations,  no 
matter  what  their  origin,  and  whether  they  are  chemic  or 
anatomic.  Other  specialized  tissue  also  respond  by  their 
proper  functions:  Abstraction  of  water  from  a  nerve  or 
muscle  causes  contraction;  the  unfertilized  eggs  of  certain 
marine  animals  undergo  parthenogenetic  development,  etc. 
(J.  Loeb,  1899,  1901). 

If  a  very  strong  salt  solution  is  injected  directly  into  the 
circulation,  the  main  symptoms  will  arise  from  the  central 
nervous  system.  They  consist  in  stimulation,  with  subse- 
quent paralysis,  being  similar  to  the  effects  of  asphyxia. 

3.  Effects  on  the  Blood  and  Lymph. —  Fate  of  Salt  Solutions 
Within  the  Body. —  In  what  cancentration  and  by  whatever  channels 
salts  are  introduced  into, the  body,  they  will  tend  to  increase  the  quan- 
tity of  blood,  or  rather  of  plasma;  and  to  render  it  more  watery  and 
less  viscid;  in  other  words,  to  produce  hydremic  plethora.  If  isotonic 
or  hypoisotonic  solutions  are  introduced,  they  will  dilute  the  blood 
by  their  own  fluid;  if  hypertonic  solutions  are  injected,  the  blood  will 
draw  fluid  from  the  tissues  until  it  has  resumed  its  original  concentra- 
tion. The  result  will  be  hydremia  in  either  case.  If  anisotonic  solu- 
tions are  introduced,  they  will  temporarily  alter  the  molecular  concen- 
tration of  the  plasma. 

However,  the  blood  possesses  a  remarkable  ^ower  of  resuming  its 
normal  condition:  its  total  molecular  concentration,  ratio  of  individtial 
constituents,  ratio  of  corpuscles  lo  plasma,  and  total  quantity  (in  about 
thisorder).  Thisprocess  of  restitution  takes  place  very  rapidly;  it  is  far 
advanced  before  a  quick  intravenous  injection  can  be  completed;  the 
molecular  concentration  returns  to  very  near  normal  within  ten  min- 
utes; the  quantity  of  blood  and  individual  constituents  are  restored 
somewhat  more  slowly:  but  they  are  almost  normal  in  half  an  hour; 
after  two  hours,  the  blood  presents  only  very  slight  abnormalities, 
even  when  very  laree  injections  have  been  made  (Sollmann,  igoO- 

TTie  total  molecular  concentration  is  the  first  factor  to  be  restored; 
this  is  accomplished  mainly  by  the  passage  of  the  dissolved  molecules; 
If  a  hyperisotonic  solution  is  injected,  the  injected  molecules  leave 
the  blood  very  rapidly.    Other  molecules  leave  more  slowly,  and  water 
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is  taken  up  into  the  blood.  As  soon  as  the  normal  molecular  concen- 
tration is  restored,  the  phenomena  become  identical  with  those  follow- 
ing the  injection  of  isotonic  solutions. 

If  a  hypoisoionic  solution  is  injected,  the  principal  phenomenon  at 
first  is  the  passage  of  molecules  into  the  blood,  the  injected  molecules 
leaving  the  plasma  very  slowly.  The  water  also  leaves  only  gradually, 
i.  e,.  mostly  after  the  normal  concentration  has  been  reached ;  and 
then  by  the  same  process  as  with  isotonic  solutions, 

if  an  isotonic  solution  of  a  single  salt  (sodium  chlorid  or  sulphate) 
is  injected,  both  the  fluid  and  the  injected  molecules  leave  the  circula- 
tion :  the  molecules  somewhat  more  rapidly.  At  the  same  time,  other 
molecules  enter  the  circulation.  This  process  continues  (for  about 
2  hours),  until  the  original  quantity  of  blood  and  its  original  composi- 
tion have  been  practically  restored. 

It  will  be  seen  that  the  restitution  of  the  blood  consists  in  a  process 
of  exchange  with  the  remainder  of  the  body.  There  can  be  no  doubt 
that  the  tissues  themselves  (especially  the  muscle-cc!ls ;  Engels,  igo^) 
play  the  most  important  role  in  the  rapid  exchange  which  we  have  so 
far  described.  The  quantity  of  material  of  which  the  tissues  can  dis- 
pose without  visible  change  is  astonishingly  great;  but  very  large 
injections  will  give  rise  lo  ascites,  effusions,  etc.  In  addition  to  the 
tissues,  the  lymph  and  urine  flow  and  all  the  secretions  of  the  body 
are  also  increased ;  and  to  them  falls  the  work  of  finally  removing 
the  injected  substance  from  the  tissues,  out  of  the  body.  The  tissues 
act  the  part  of  elastic  reservoirs,  as  it  were,  quickly  relieving  the  blood 
of  the  disturbing  element,  to  again  give  up  the  abnormal  substances  as 
rapidly  as  they  can  be  removed  by  the  more  slowly  acting  excretory 
mechanisms. 

Physical  processes,  notably  osmosis  and  filtration,  play  a  very  im- 
portant part  in  the  exchange  with  the  tissues,  and  in  the  increased 
lymph-flow.  Indeed,  it  is  scarcely  necessary  lo  invoke  any  vital 
mechanism  for   their  explanation. 

4.  Effects  on  the  Urine.' — The  hydremic  plethora  resuhs 
in  an  increased  ehniination  of  urine.  The  excretion  of 
water  and  the  injected  substance  is  .especially  increased; 
the  other  urinary  constituents  are  generally  decreased,  as 
concerns  their  percentage;  although  their  absolute  quan- 
tity is  usually  increased.  ( The  saline  diuresis  would  there- 
fore result  in  a  "  flushing  of  the  body.") 

The  concentration  of  the  urine  varies  with  the  concentration  of  the 
solution  which  has  been  introduced  ;  it  may  fall  as  low  as  A  0.12,  or 
rise  as  high  as  A  3.0"  C.  (jn  the  whole,  ihe  composition  of  the  urine 
approaches  the  more  closely  lo  that  of  the  blood,  the  faster  the  diuresis. 

The  degree  of  diuresis  (the  total  quantity  e^terted)  depends  largely 
on  the  quantity  of  solution  (both  of  the  dissolved  substance  and  of 
the  water)  which  has  been  introduced:  but  the  rate  of  diuresis  (the 
quantity  excreted  within  a  short  time  after  injection)  depends  largely 
on  the  concentration  of  Ihe  solution,  if  this  is  given  intravenously 
(water,  which  is  so  strongly  diuretic  when  taken  by  mouth,  may  dimin- 
ish the  urine  when  injected  by  a  vein). 

The  diuretic  action  of  saline  solutions  is  largely  physical,  and  can  be 
reproduced  point  for  point  in  dead  kidneys  (Sollmann,  1903  lo  1905)^ 
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(except  the  efFect  on  the  composition  of  the  urine).  It  is  explained 
by  the  hydremic  plethora ;  the  increased  iflomerular  pressure,  and  the 
lessened  viscidity  of  the  blood.  This  is  aided,  in  the  case  of  hyper- 
isotonic  solutions,  by  the  dehydration  and  shrinkage  of  the  renal  cells. 
(This  explains  the  statement  in  the  preceding  paragraph.)  All  these 
processes  favor  glomerular  filtration. 

The  physical  element  in  the  diuresis  is  especially  conspicuous  in  the 
early  periods  of  the  diuresis,  when  the  changes  in  the  blood  are  rela- 
tively large. 

It  has  been  observed,  however,  that  the  urinary  changes  may  per- 
sist, in  a  slight  degree,  after  the  blood  has  apparently  returned  to 
normal.  This  suggests  the  cooperation  of  a  vital  stimulation,  produced 
by  the  (very  slightly)  altered  composition  of  the  blood. 

In  the  ordinary  secretion  of  urine,  osmosis  oppcars  to  be  an  ob- 
stacle, rather  than  an  aid ;  for  the  molecular  concentration  of  urine 
differs  quite  widely  from  that  of  the  blood  (A  urine,  ordinarily,  ag  to 
2.1;  extremes,  0.12  to  3.0;  Ablood,  0.55  to  0.60);  and  the  kidney  has 
to  perform  a  very  considerable  labor  to  overcome  (he  difference  in 
osmotic  pressure.    However,   this   work  seems  to  be  in  no  way  in- 

5.  Tbe  Role  ol  Osmoria  in  the  Absorption  of  Soltttiona  from 
Serous  Cavities  and  Lymph-Spaces.— This  absorption  is  almost  en- 
tirely physical,  for  it  occurs  quite  well  in  dead  animals,  although  il 
is  naturally  more  rapid  when  the  circulation  is  intact,  because  the 
absorbed  products  are  then  more  rapidly  removed.  Osmosis  plays  a 
very  important  part  in  the  absorption,  especially  if  the  solutions  are 
anisotonic.  If  a  hypoisolonic  solution  is  introduced,  osmosis  causes 
the  rapid  absorption  of  water;  with  hyperisotomc  solutions,  the  volume 
of  the  fluid  will  at  first  increase,  until  it  has  become  equimolecutar 
with  the  plasma.  At  this  time,  however,  the  fluid  is  really  hypoisotonic 
to  the  non- diffusible  constituents  of  the  cells  and  blood,  so  that  it 
would  be  eventually  absorbed,  by  the  operation  of  osmosis  alone. 
(The  osmotic  absorption  is  quickened  if  the  body  fluids  are  rendered 
hyper-osmolic,  as  by  nephrectomy).  Ordinarily,  however,  the  osmotic 
absorption  is  very  slow  after  the  solution  has  become  isomolecular ; 
and  other  factors  intervene  to  hasten  the  process.  Of  these,  filtration 
and  imbibition  are  the  most  important.  The  S/Zro/rfoM-pressure  is  fur- 
nished especially  by  muscular,  respiratory,  and  peristaltic  movement. 
It  may  be  increased  hy  massage. 

The  term  "  imbibilion "  is  applied  to  the  familiar  phenomenon  of 
the  swelling  of  pieces  of  glue,  gelatin,  agar,  tissues,  and  other  colloid 
gels,  when  these  are  placed  into  solutions  (F.  Hofmeister,  1890  and 
1891).  This  process  is  quite  distinct  from  osmosis,  although  both  may 
take  place   side  by  side.     Imbibition   is  probably  analogous  to  adsorp- 

Hamburger  has  shown  that  when  a  solution  is  placed  in  a  gelatin 
cylinder,  and  this  is  immersed  in  a  circulating  current  of  the  same 
solution,  the  stagnant  fluid  in  the  cylinder  passes  gradually  through 
the  gelatin  into  the  circulating  fluid.  The  phenomenon  is  obviously 
analogous  to  the  absorption  of  isotonic  solutions  from  serous  cavities, 
and  helps  to  explain  the  latter.  Hamburger  considers  this  process  an 
imbibition- effect. 

Many  physiologists  consider  that  vital  forces  also  cooperate  in  the 
absorption ;  the  possibility  of  this  cannot  be  denied ;  but  there  is 
scarcely  any  positive  proof  in  its  support;  if  it  plays  any  role,  this 
must  be  quite  subsidiary. 
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6.  In  the  abwrption  of  effasioni  or  serum  from  serous  cavi- 
ties, the  cooperation  of  osmosis  is  almost  excluded,  for  these 
contain  non-diffusible  proteid  constituents,  as  well  as  the 
tissues.  However,  the  proteids  of  these  fluids  tend  to 
break  down  constantly  into  more  diffusible  molecules  (as 
shown  by  the  fact  that  exudates  generally  depress  the  freez- 
ing point  somewhat  more  than  does  the  blood).  Osmosis 
therefore  plays  a  part,  but  this  must  be  relatively  small. 
The  existence  of  proteids  also  limits  the  operation  of  im- 
bibition, for  proteids  are  not  imbil>ed  by  colloids.  This 
leaves  filtration  as  the  main  factor  in  the  absorption  of 
proteid-containing  fluids.  The  absorption  of  these  liquids 
is  consequently  a  much  slower  process  than  that  of  salt 
solutions. 

Effusions  of  a  molecular  concentration  inferior  to  that  of  the  blood 
would  be  promptly  absorbed ;  or  rather,  they  couid  not  be  formed. 
Since  they,  like  other  body  fluids,  owe  their  concentration  mainly  to 
their  content  of  sodium  chlorid.  it  is  evident  that  a  deficiency  of  this 
salt  in  the  body  will  tend  to  lessen  the  production  of  effusions,  and 
hasten  their  absorption.  This  is  the  rational  basis  of  tbe  treatment 
of  nephritic  edenua  by  withholding  ult  from  the  food  (advocated 
by  Widal  and  Javal,  1903).  The  treatment  is  not  always  entirely  suc- 
cessful, for  the  salt  is  not  generally  the  cause  of  the  edemas,  but  only 
a  factor  in  their  production.  It  is  believed,  however,  that  an  actual 
salt  retention  occurs  in  some  types  of  nephritis,  owing  to  diminished 
permeability  of  the  kidney  to  salts.  These  would  be  most  favorably 
affected  by  salt-withdrawal.  In  other  cases,  the  effusions  are  removed 
more  effectively  by  administering!  salts,  through  their  diuretic  action. 
' '  '--'  -' -'--■■' ■- -■-  '--~i  of  treatment  is  needed  in  a 


7.  AbBOTption  from  the  Alimentary  Canal This  is  prob- 
ably even  more  dependent  upon  forces  other  than  the  osmo- 
sis than  is  absorption  from  serous  cavities. 

Filtration  is  very  important,  but  vital  action  cannot  be  dented.  Thus, 
it  has  been  shown  that  in  the  excised  and  surviving  intestine,  im- 
mersed in  a  solution,  a  passage  of  fluid  takes  place  from  the  lumen  to 
the  surrounding  fluid,  even  when  the  two  fluids  are  identical  (Cohn- 
heim,  1899).  This  cannot  be  explained  on  any  theory  as  osmotic.  It 
stops  much  earlier  than  the  muscular  contractions,  so  that  it  cannot  be 
filtration,  and  we  must  be  content  lo  call  it  vital. 

Osmosis,  however,  has  some  importance  in  intestinal  ab- 
sorption. The  time  during  which  the  food  remains  in  the 
alimentary  canal  is  ample  to  effect  osmotic  exchanges  be- 
tween the  intestinal  contents  and  the  blood.     An  isotonic 
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condition  becomes  established  quite  promptly  (but  is  not 
completed  in  the  stomach,  E.  Otto,  1905), 

This  equalisation,  with  the  absorbable  salts,  is  always 
brought  about  in  a  way  to  facilitate  absorption:  hyperiso- 
tonic  solution  being  rendered  isotonic  rather  by  the  absorp- 
tion of  salt  than  by  the  pouring  out  of  fluid ;  whilst  hypo- 
isotonic  solutions  are  rendered  isotonic  by  the  absorption 
of  their  water,  (In  other  situations  than  the  ahmentary 
canal,  the  equalization  takes  place  more  uniformly  in  both 
directions.) 

These  changes  result  in  corresponding  alterations  in  the 
composition  of  the  cells  of  the  gastric  and  intestinal  mu- 
cosa, which  are  therefore  also  subjected  to  osmotic  salt 
action.  This  causes  irritation.  When  the  irritation  is 
mild,  it  increases  secretion,  absorption,  and  peristalsis. 
More  severe  grades  of  irritation,  however,  produce  emesis 
and  inflammation. 

Sahs  which  are  not  absorbable  by  the  intestine  (cathartic 
salts)  are  reduced  to  isotonic  conditions  by  the  absorption 
of  fluid.  This  fluid  is  retained  in  the  intestine  with  the 
salts,  increasing  the  bulk  and  fluidity  of  the  intestinal 
contents,  and  serving  as  a  mechanical  stimulus  to  peri- 
stalsis. This  explains  largely  the  cathartic  eflfects  of  these 
salts. 

V.  ACTIONS  OF  WATER. 

The  administration  of  water,  in  quantities  larger  than  can  be  im- 
mediately eliminated,  leads  to  a  temporary  increase  of  the  water 
content  of  the  fluids  and  cells  of  the  body ;  a  removal  of  their  salts ; 
and  alterations  in  the  proportions  of  their  ions.  These  changes  in  turn 
produce  physiologic  phenomena,  characterized  especially  by  increased 
secretions,  and  by  changes  in  metabolism.  The  effects  vary  according 
to  whether  the  quantity  of  water  is  normal  or  excessive;  and  according 
to  the  channel  by  which  it  is  introduced. 

I.  Intravenous  Injections. —  The  immediate  effects  of  small 
amounts,  slowly  introduced  (and  especially  of  hypodermic  injecliotu) 
bear  a  general  resemblance  to  those  following  the  injection  of  isotonic 
salt  solutions.  The  changes  in  metabolism  and  urine  are  probably 
similar  to  those  which  occur  on  taking  water  by  mouth.  Larger  doses 
and  rapid  injection  introduce  important  modifications.  Hemoglobin 
appears  in  the  urine,  from  the  laking  of  the  blood  corpuscles.  The 
respiration  is  slowed  and  the  blood-pressure  is  lowered.  The  central 
nervous  system  shows  rather  lale  paralysis  and  convulsions.  The 
diuresis  is  quite  small,  since  the  hypoisotonic  condition  of  the  blood 
slows  the  renal  circulation  bj;  the  swelling  of  the  kidney-cells.  The 
excretion  of  water  occurs  mainly  by  other  channels,  so  that  there  is 
usually  a  serous  diarrhea^  increased  salivation,  etc  The  fatal  dose  of 
water   (by  intravenous  injection)    is  somewhat  smaller  than  that  of 
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normal  saline  solution;  distilled  water  is  again  somewhat  more  toxic 
than  well  water. 
a.  Distilled  Water  is  also  markedly  more  {)oisonous  to  most  lower 

organisms  and  lo  isolated  tissues.  Even  fish  die  quickly  in  oxygenated 
distilled  water.  This  effect  is  partly  due  to  traces  of  metallic  impari- 
ties if  the  distillation  has  been  conducted  in  copper  stills;  and  to  the 
presence  of  ammonium  compounds,  if  these  are  not  removed.  But 
even  absolutely  pure  HtO  is  more  poisonous  than  well  water.  This 
is  due  to  the  fact  that  the  well  water,  which  contains  traces  of  salts, 
does  not  remove  the  salts  so  thoroughly  from  the  tissues;  these 
salts  being  necessaiy  for  life.  This  toxK  action  cannot  occur  by  the 
drinking  of  disliUed  water  by  higher  animals,  which  obtain  their  salts 
from  food  rather  than  from  water :  The  salts  of  the  food  would  in 
all  ordinary  cases  be  more  than  sufficient  to  cover  ihe  deficiency  of 
salts  in  the  water.  The  statements,  which  are  occasionally  made,  that 
the  drinking  of  distilled  water  leads  to  toxic  effects,  are  therefor  en- 
tirely groundless :  Distilled  water  is  often  drunk  exclusively  on  ships, 
without  any  bad  results. 

i.  The  Effects  of  Water  Taken  by  Mouth.— Abaorptlon.— Water 
is  rather  slowly  absorbed  from  the  slomack,  where  it  also  delays  the 
absorption  of  other  substances.  On  the  other  hand,  it  is  absorbed 
readily  from  the  intestine,  small  and  large;  and  in  these  it  favors  the 
absorption  of  dissolved  substances. 

The  popular  opinion  (bat  water  can  be  absorbed  from  the  ikin.  is 
not  in  accord  with  experimental  evidence.  The  epidermis  appears 
to  be  entirely  impermeable  to  it.  Bathing  in  cold  water  will  contract 
the  cutaneous  vessels,  and  will  in  this  way  diminish  the  loss  of  water 
by  perspiration;  while  hot  water  will  increase  the  loss  by  favoring 
diaphoresis. 

The  Excretion  of  water  occurs  by  the  kidneys,  lungs,  skin,  and  in- 
testine. The  relative  importance  of  these  channels  varies  with  condi- 
tions. If,  for  instance,  the  water  is  taken  hot  (so  as  to  favor  dilation 
of  the  cutaneous  vessels),  it  will  act  as  a  diaphoretic.  If  the  conditions 
are  not  favorable  to  diaphoresis,  it  wilt  be  excreted  mainly  by  the  kid- 
neys.    The  diuretic  action  of  pure  water  is  quite  prompt,  strong,  i     ' 

certain  —  differing  greatly   from   its   weak  effect  c"    ' '"' 

tion,  (Probably  because  it  is  rendered  isotonic 
absorption,  and  before  it  reaches  the  kidneys.)  The  e 
may  exceed  ten  liters  per  day.  The  urine  becomes  very  dilute,  the 
constituents  being  diminished  in  percentage,  but  increased  in  absolute 
amount.  The  diuretic  action  of  moderate  quantities  of  water  can  be 
greatly  enhanced  by  the  addition  of  other  diuretics,  but  if  very  large 
quantities  of  water  are  given,  the  addition  of  diuretics  has  no  further 
effect. 

Excessive  quantities  of  water  may  also  be  excreted  by  the  intesttne, 
if  the  conditions  are  favorable,  and  may  thus  lead  to  diarrhea. 

Digestion  and  Absorption  of  Food.— The  drinking  of  moderate 
quantities  of  water  favors  these  processes,  increasing  the  secretion  of 
hydrochloric  acid,  and  hastening  the  passage  of  food  through  the 
pylorus.  In  health,  however,  very  considerable  variations  of  the  water- 
income  have  but  lillle  effect  on  the  utilization  of  food  (Spiegler,  igoi). 
Metabolism.— The  effects  of  water  on  the  chemic  processes  in  the 
body  are  important.  The  administration  of  large  quantities  of  water 
cause  a  very  considerable  temporary  increase  in  the  urinary  nitrogen, 
as  much  as  34%  (Neumann.  1899).  The  excess  is  excreted  mainly  as 
urea :  the  uric  acid  being  often  unchanged.  The  excretion  of  Ihe  phos- 
phates and  sulphates  is  also  increased.  The  removal  of  chlorids  is 
so  extensive,  that  their  percentage  in  the  urine  soon  falls  to  a  very  low 
figure. 
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The  excessive  excretion  of  metabolites  is  partly  due,  beyond  doubt, 
to  the  "  Hushing  out "  of  the  tissues  by  the  diuresis.  But  if  this  were 
the  only  cause,  the  continued  excessive  administration  of  water  would 
soon  exhaust  the  stored  waste  products,  and  their  excretion  would 
fall  rather  below  the  normal  figure.  Actual  results  show  that  this  is 
not  the  case :  The  excretion  rentains  permanently  increased,  although 
it  does  not  remain  at  the  original  high  figure  (Edsall,  1900).  There 
must  therefore  be  an  increased  production  of  these  metabolites.  This 
conclusion  is  supported  by  the  results  on  animais,  although  these  are 
somewhat  different  from  those  obtained  on  man.  Dogs  in  nitrogen 
equillibrium  do  not  show  any  permanent  changes  in  their  nitrogen  ex- 
cretion when  four  times  the  normal  quantity  of  water  is  administered, 
notwithstanding  the  increased  diuresis.  In  starving  dogs,  however,  it 
may  be  increased  by  80%,  The  explanation  of  these  discordant  results 
is  probably,  that  the  removal  of  the  water  by  diuresis  keeps  step  with 
the  absorption  in  the  fed  animals;  so  that  it  never  comes  to  any  con- 
siderable increase  in  the  water  content  of  the  body,  and  the  metabol- 
ism is  therefore  not  increased. 

It  is  a  remarkable  fact  that  the  administration  of  very  large  quan- 
tities of  water  (to  10  L.  per  d^),  continued  for  several  weeks,  is 
apparently  without  deieterious  effect,  and  does  not  even  create  salt 
hunger  (Gushing  and  Clarke,  Sollmann  and  Hofmann,  1905), 

Therapeutic  Uses  of  Water. —  The  external  use  of  water 
rests  mainly  on  the  reflex  effects  of  temperature,  etc.,  and 
will  be  discussed  in  another  place. 

The  internal  use  of  large  quantities  of  water  is  advisable 
in  the  treatment  of  certain  dyspepsias.  It  is  especially  val- 
uable, however,  for  its  diaphoretic  and  diuretic  effects. 
The  special  indications  of  diaphoresis  and  diuresis  are  dis- 
cussed elsewhere  (see  index). 

The  changes  in  metabolism  (the  "alterative  effect")  is 
utilized  in  a  variety  of  obscure  conditions  supposed  to  be 
connected  with  disturbance  of  these  functions.  Weak  min- 
eral waters  act  mainly  in  this  manner.  This  action  is  em- 
ployed particularly  in  obesity,  but  the  results  are  uncertain. 

It  is  difficult  to  say  beforehand  whether  the  breaking-down  of  pro- 
teid  molecules  will  increase  or  diminish  the  body  fat.  If  it  is  only 
partial,  it  may  result  in  the  formation  of  fat  from  the  proteids;  if 
carried  further,  it  may  lead  to  the  destrnction  of  fat  as  well. 

Gushing  (1905)  has  found  the  administration  of  very  large  quantities 
of  cold  water  (four  ounces  every  fifteen  minutes  whilst  awake)  of 
very  marked  benefit  in  typhoid  fever.  It  serves  to  keep  the  mouth 
clean;  it  must  have  a  distinct  antipyretic  effect;  and  it  may  aid  by 
ehminating  toxins  and  waste-products. 

The  use  of  water  as  a  vehicle  must  be  mentioned.  Tt  is  very  im- 
portant that  soluble  substances  be  given  in  sufficjentlv  dilute  solutions, 
when  it  is  desired  to  obtain  their  remote  action  to  the  exclusion  of  a 
local  action, 

4.  The  withholdlnt  of  water  affects  the  metabolism  in  much  the 
same  way  as  the  administration  of  salts  in  h3T)erisotonic  solution : 
The   excretion   of   metabolites    is   at    first    lowered,  by    the    lessened 
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diuresis;  but  as  the  destruction  of  proteids  is  at  the  satne  time  in- 
creased, their  excretion  is  also  increased  after  a  time.  When  water  is 
again  given,  the  stored  metabolites  are  washed  out,  leading  to  a  very 
greatly  increased  excretion  (Landauer,  189s;  Straub,  1899;  Spiegler, 
1901). 

Aqua  (U.  S.  P.)-—  Potable  water  in  its  purest  obtainable  state.  The 
limits  of  impurities  are  laid  down. 

Agva  Destillata  (U.S.F.).—  Dulillecl  ffaWr— The  first  tenth  of 
the  distillate  is  rejected,  the  next  four-fifths  being  collected, 

VI.   EFFECTS  OF  SALTS. 

The  immediate  effects  of  salts  differ  with  the  quantity  and  dilution, 
and  especially  with  the  channel  by  which  they  are  introduced.  They 
can  be  best  studied  on  sodium  chlodd  which  does  not  possess  specific 
actions  in  any  marked  degree. 

Intravenous  or  Subcutaneous  Injections  of  Nearly  Isotonic  So> 
lutions. —  The  general  effects  on  the  quantity  of  blood,  on  the  lymph- 
flow,  and  on  the  urine  have  been  discussed.  The  increased  quantity 
of  blood  produces  a  very  moderate  rise  of  blood-pressure ;  and  this, 
perhaps  with  some  direct  sail-action,  results  in  an  increased  excitability 
of  the  respiratory,  vagus,  and  vasomotor  centers.'  With  normal  ani- 
mals, the  rise  of  capillary  pressure  is  large  and  persistent;  whilst  the 
rise  of  arterial  pressure  and  the  medullary  stimulations  pass  off  quickly, 
but  without  noticeable  fatigue.  In  animaU  whose  bhod-prfssure  is 
low  —  particularly  if  this  is  due  to  hemorrahge,'  saline  infusions  bring 
the  pressure  toward  normal,  and  maintain  it  quite  effectually  (see 
Fig.  51).  Excessive  injections  of  saline  solutions  may  cause  death 
from   pulmonary   edema,   or   from   overdistention   of   the   heart.     They 


from   pulmonary   edema,   or   from   overdistentio 

may  also  produce  glycosuria  and  rarely  albumin 

These  effects  are  produced  by  all  sails  whose  1 


, s  whose  ions  are  not  specifically 

■■  S;  by  most  sodium  salts.  To  have  any  effect,  these  must  be 
used  in  rather  large  amounts,  i.  e.,  from  25  to  50  c.c.  of  the  eighth- 
molecular  solution  per  Kilo  body  weight.  Solutions  which  contain  all 
the  salts  of  the  serum  in  the  proper  proportions  (e.  g.,  Locke's  Fluid) 
are  somewhat  better  than  the  normal  (0.9%)  sodium  chlorid  solution, 
but  the  latter  suffices  for  all  practical  purposes.  The  transfusion  of 
serum  or  blood  has  few  advantages,  and  a  number  of  dangers. 

HyperlMtonic  Solutions,  by  abstracting  water  from  the  tissues,  pro- 
duce a  much  more  violent  stimulation  of  the  central  nervous  system, 
passing  on  to  convulsions,  but  always  followed  by  depression.  The 
blood- pressure  shows  a  progressive  fall,  with  temporary  rise  during 
the  spasms.  The  respiration  is  at  first  quickened,  but  becomes  slow 
and  shallow  as  the  blood-pressure  falls.  The  heart  is  quickened,  feeble. 
and  arythmic.  In  the  later  stages  it  may  be  slowed  by  stimulation  of 
the  vagus  center.     The  temperature  rises. 

The  diuretic  effect  and  the  local  irritation  are  also  much  greater. 

It  is  probable  that  some  of  the  phenomena  of  uremia  are  due  to  a 
hyperisotonic  condition  of  the  blood,  which  may  reach  almost  double 
the  normal  concentration,  in  this  condition. 

Hypoisotonk  Solutions  act  very  much  like  isotonic  solutions,  but 
are  somewhat  more  injurious  and  may  lake  the  blood. 

■  In  dogt.  ■  Ion  of  blood  of  lc»  Iban  z%  of  tbc  bodr  weight  does  not  lower 
tlw  blood-pwMure  for  longer  than  ler  minuta.  i%  lower*  it  for  *n  hour.  The 
pulK  rale  a  incrcsKd:  lhi>  miy  be  followed  bjr  >  alight  •lowlag.  Larger  dOM* 
produce  the  phenomena  of  aaphyxia. 
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Therapeatio  tTiei  of  Solioe  Injeotioiu. —  These  are  utilized 
mainly  in  two  conditions:  in  shock  and  in  toxemia  (ne- 
phritis, eclampsia,  infections,  and  ordinary  poisons).  Their 
use  in  the  latter  condition  rests  on  the  removal  of  the  poison 
by  the  diuresis,^  Saline  injections  are  contraindicated 
when  there  is  a  tendency  to  pulmonary  edema;  they  must 
also  be  used  cautiously  in  anuria,  and  must  not  be  persisted 
in  if  a  moderate  injection  does  not  cause  diuresis. 

VII.  SALTS  TAKEN  BY  MOUTH. 

Local  Actions. —  Salts  in  isotonic  or  hypoisotonic  solu- 
tions have  little  local  action ;  in  substance  or  in  hyperiso- 
tonic  solutions  they  act  as  rather  mild  irritants,  without 
destroying  the  tissues. 

<a)  An  extensive  stimulation  of  the  «kin,  produced  in  this  manner, 
and  the  reflexes  which  arise  from  it,  explain  tne  effects  of  sea  and  salt 
baths. 

(b)  They  exert  a  similar  stimulation  upon  the  walls  of  the  ■llmen> 
tary  canal.  This  will  be  seen  principally  in  the  stomach  before  they 
suffer  dilution.  Their  action  here  is  a  deep  one,  since  they  will  stimu- 
late all  the  cells  with  which  they  come  into  contact  in  the  course  of 
their  absorption.     Since  they  are   quickly  removed  by  further  abaorp- 

'  tion,  they  do  not  cause  any  permanent  change.  In  this  way  they  differ 
from  the  majority  of  gastric  irritants,  which  produce  a  superficial  but 
{wrsistent  action.  The  stimulation  by  salts  may,  therefore,  be  con- 
tinued for  a  considerable  time,  and  is  frequently  very  useful  in  the 
treatment  of  certain  cases  of  "atonic"  dyspepsia. 

If  salts  are  given  in  large  amounts  and  concentrated  form,  the  irrita- 
tion may  lead  to  a  strong  inflammation  —  to  severe  gastro-enUritis. 
which  may  be  fatal  in  the  case  of  some  salts  (see  Potassium  Nitrate). 

(c)  Action  After  Absorption.—  The  ingestion  of  salts,  without 
sufficient  water  to  render  them  isotonic,  must  tend  to  increase  Ike  salt- 
eoneentration  of  the  body.  This  increase  affects  mainly  the  tissues, 
the  molecular  concentration  of  the  blood  remaining  practically  unal- 
tered. This  increased  salt-concentration  is  counteracted  by  the  stimu- 
lation of  two  mechanisms:  a  desire  for  water  (thirst)  ;  and  the  elim- 
ination of  highly  hypertonic  urine.  If  water  is  given  freely,  the  salts 
are  powerfully  diuretic.  This  leads  to  an  increased  excretion  of  melab- 
otites,  partly  b^  the  flushing  out  of  stored  waste- products,  but  also  by 
direct  stimulation  of  metabolism.  This  alterative  action  is  especially 
pronounced  in  the  case  of  salts  which  are  foreign  to  the  body  (potas- 
sium iodid),  since  they  alter  the  composition  of  the  cells  more  pro- 
foundly than  an  equivalent  quantity  of  a  normal  salt.  Potassium  salts 
are  therefor  always  preferred  to  those  of  sodium  to  secure  an  altera- 
tive effect. 

3.  Therapeutic  Usca. —  The  effect  upon  the  metabolism  is  uncertain 
in  its  outcome,  as  is  the  case  with  all  alteratives.  It  may  be  useful 
especially  in  obesity. 

'The  following  mixture  his  been  recommeniled  u  especislly  diurelic  (S.  A. 
Mathewa,  i9'>4):  NaO  1.&7:  Na,SO,  lo.i;  Sod.  Citr.  3.36;  CaCI.  0.136;  wiier  ad 
■  BOO.     £00  c,   c.   ire   injected   intravenou^  in   iM   hourt   (at  the   rale  of  3  c.   c. 
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The  diuretic  action  is  a  very  useful  one.  Its  extent  will  be  propor- 
tional lo  the  amount  of  salt  introduced.  The  latter  is  limited  by  the 
tendency  to  gastric  irritation.  The  salt  which  has  the  least  ol  this 
unpleasant  side-action  is  potassium  acetate. 

The  irritant  action  upon  the  stomach  is  useful  in  some  cases  of 
dyspepsia.     Small  doses  are  used  for  this  purpose. 

With  larger  doses  a  nauseant  and  emetic  action  appears,  and  may  be 

If  the  salts  themselves  are  readily  absorbed,  they  will  increase  the 
rapidity  of  absorption  from  ihc  intestinal  canal.  If  they  are  not  readily 
absorbed,  they  will  act  to  some  extent  as  cathartics. 

Since  the  action  of  salts  on  blood  causes  the  precipitation  of  globu- 
lins, they  may  be  employed  as  local  hemostatics.  By  Che  withdrawal  of 
water  they  render  the  conditions  unfavorable  to  the  development  of 
bacteria,  and  are,  therefore,  used  as  preservatives  for  meat,  etc. 

VIII.  SALT  HUNGER. 

The  maintenance  of  a  certain  salt-content  is  indispensable  to  the 
body,  sodium  chlorid  being  especially  important.  Animal  food  api>ears 
to  contain  a  sufficiency  of  this  salt ;  whilst  a  herbivorous  and  om- 
nivorous diet  is  insufficient  in  this  respect.  Under  ordinary  conditions, 
the  excretion  of  salt  keeps  perfectly  parallel  with  the  salt-income 
(Falk,  1848),  so  that  a  moderate  excess  of  salt-income  is  practically 
without  effect,  except  on  the  urine.  A  very  limited  salt-income  (as 
by  an  exclusive  milk  diet)  can  also  be  borne  for  a  considerable  time. 
being  met  by  a  corresponding  decrease  of  chlorid  excretion,  so  that  the 
percentage  of  the  salt  in  the  blood  is  scarcely  altered,  and  no  general 
symptoms  whatever  result. 

If  salt  is  withheld  entirely  (by  starvation,  or  by  giving  food  previous- 
ly extracted  with  boiling  water),  the  tissues  and  blood  gradually  lose 
chlorids  (the  urine  continuing  lo  eliminate  traces  until  death).  The 
free  hydrochloric  acid  also  disappears  from  the  gastric  juice.  Very 
severe  symptoms  result.  The  animals  emaciate  rapidly,  through  anor- 
exia and  other  interference  with  digestion  and  absorption.  Great 
muscular  weakness  and  tremors,  with  occasional  convulsions,  are  ven" 
prominent.  The  mental  faculties  are  dulled.  The  urine  and  breaui 
contain  acetone.  Death  occurs  after  a  variable  period  (J.  Forster, 
j873>.  In  man,  an  abstinence  of  nine  days  is  serious,  but  not  dan- 
gerous. The  subject  does  not  return  to  normal  for  a  week  or  two 
after  resuming  the  consumption  of  salt   (E.  Taylor,  1904). 

The  urinary  chlorids  are  also  diminished  in  fever.  This  is  to  be  at- 
tributed in  part  lo  the  limited  salt-income  of  the  usual  fever  diet ;  but 
the  retention  is  much  greater  than  in  health,  for  unknown  reasons 
(Garratt,  igo4).  The  acute  retention  in  pneumonia  is  due  partly  to 
the  storage  of  salt  in  the  effusion, 

Sodii  Chloridum  (U,  S.  P..  B,  P.).— Sodium  Chlorid  (Common  Salt)- 
NaQ.  Soluble  in  2.8  parts  water,  almost  insoluble  in  alcohol.  A  strong 
solution  is  used  as  emetic. 

'(/rca.— CO{NHi)i  Readily  soluble  in  water  and  alcohol.  White 
crystals.    Dose  (diuretic) :  0.6  to  1.3  Gm.  (10  to  20  grs.). 

Clyceritium,  Saccharum  Lactis. —  See  Index. 

(B)  CATHARTIC  SALTS. 
I.  MANNER  OF  ACTION. 
A  number  of  salts  are  not  absorbed  readily  from  the 
alimentary  canal.     These  cannot  produce  the  effects  de- 
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scribed  above,  unless  they  are  injected  into  the  circulation. 
When  they  are  given  by  the  mouth,  their  direct  action  is 
confined  to  the  intestine :  they  produce  catharsis  with  soft 
or  fluid,  painless  stools.  Through  the  catharsis  they  may 
produce,  indirectly,  a  drying  of  the  tissues  and  a  slight 
increase  of  gaseous  metabolism.  The  cathartic  action  is- 
mainly  the  result  of  the  retention  of  fluid  in  the  intestine 
by  the  osmotic  action  of  the  unabsorbed  salt,  for  this  must 
retain  sufficient  fluid  to  preserve  itself  isotonic  with  the 
blood  (Wallace  and  Cushny,  1898).'  It  is  probable  that 
this  action  is  supported  by  a  direct  stimulant  effect  of  the 
salt  ions. 

The  fluidity  of  stools  would  in  most  cases  be  due  to  the  non-absorp- 
tion of  fluid  already  present  in  the  intestine.  But  should  this  be  in- 
sufficient, fluid  would  also  be  drawn  directly  from  the  tissues.  None 
of  the  cathartic  salts  are  probably  altogether  unabsorbable ;  their  ab- 
sorption is  favored  and  their  cathartic  action  correspondinRly  lessened, 
if  tliey  remain  for  a  long  time  in  the  alimentary  canal.  This  is  apt  to 
occur  if  the  tissues  are  very  dry. 

Recent  investigations  (J.  B.  MacCallum,  1903)  have  shown  that  most 
cathartic  salts  also  increase  peristalsis  and  the  secretion  of  intestinal 
fluid  very  greatly  when  they  are  injected  intravenously  in  isotonic 
solutions,  or  applied  to  the  peritoneal  surface  of  the  intestine;  more 
slowly  if  they  are  administered  subcutaneously.  The  effects  seem  to 
■  be  greater  and  more  prompt  than  could  be  accounted  for  by  the  excre- 
tion of  these  salts  into  the  intestine,  so  that  it  must  be  assumed  that 
these  ions  produce  a  direct  irritalion.  It  is  also  suggestive  that  the 
same  ions  increase  the  irritability  of  most  other  tissues;  and  that  their 
action  on  the  intestine  is  abolished  by  calcium  chlorid,  which  similarly 
inhibits  their  action  on  the  other  tissues.' 

It  would  be  useless  to  discuss  the  question  whether  the  general  salt 
action  or  the  specific  irritant  action  is  the  more  important,  since  both 
tend  to  the  same  results.  In  the  case  of  magnesium,  where  they  act 
in  an  opposite  sense,  the  osmotic  action  certainly  predominates  over 

2.  ABSORBABILITY  OF  IONS. 
Any  soluble  substance  must  be  conceived  as  capable  of 
producing  a  salt  catharsis  in  proportion  as  it  is  non-absorb- 
able.     But  this  may  be  modified  or  abolished  by  other  fac- 
tors. 

Of  n on- absorbable  ions,  the  heavy  metals  and  alum  produce  a  pre- 
cipitation of  proteids,  and  in  this  way  an  irritant  or  astringent  effect. 
The  earthy  metals,  Ca,  Sr,  Ba,  are  converted  into  insoluble  carbonates. 
Oxalates  and  Fluorids  are  specifically  toxic  to  protoplasm. 

The  absorption  of  the  more  important  Ions  is  as  follows : 
(a)  Of  the  Caihions  ammonium  is  the  most  readily  ab- 

•  EierciM  63. 
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sorbed;  then  come  the  other  alkali  metals.  The  earthy 
metals  are  not  absorbable,  but  magnesium  is  practicall; 
the  only  non-absorbable  kation  which  can  be  utilized  as  a 
cathartic. 

(b)  Of  the  Anions,  the  chlorids,  bromids,  iodids,  and 
acetates  are  rapidly  absorbed.  The  sulphates,  phosphates, 
tartrates,  citrates,  lactates,  and  malates  are  comparatively 
non-absorbable,  and  therefore  possess  cathartic  properties. 

(c)  Of  non-dissociable  compounds,  which  are  soluble  and 
non-absorbable,  mention  may  be  made  of  certain  sugars 
especially  mannite;  as  also  gums  and  pectins.' 

Why  cerlain  ions  should  be  capable  of  absorption,  others  not,  cammt 
be  satisfactorily  explained.  Although  recent  investi^tions  have  shown 
some  striking  analogies  between  the  absorption  of  ions  by  the  intes- 
tine and  by  muscle,  and  the  solubility  of  their  soaps  and  caldom  sahi, 
it  is  not  yet  clear  whether  this  is  a  mere  coincidence  or  has  a  deeper 
meaning. 

3.  THERAPEUTIC  USES. 

The  general  indications  for  cathartics  will  be  discussed 
in  Chapter  XXX,  E. 

The  cathartic  salts  differ  from  vegetable  and  metallic 
cathartics  in  causing  much  less  local  irritation.  They  are 
therefore  especially  useful  in  general  inflammatory  condi- 
tions, such  as  fevers.  They  do,  however,  produce  some 
irritation,  and  if  the  alimentary  canal  itself  is  the  seat  of 
inflammation,  this  must  be  reduced  to  a  minimum.  This 
may  be  done  by  giving  them  in  dilute  solution  —  such  as 
they  exist  in  the  natural  aperient  mineral  waters  —  Hun- 
yadi  or  Carlsbad,  etc. 

They  also  exert  an  irritant  action  on  the  stomach,  if  they 
remain  in  it  for  a  considerable  time.  For  this  reason  th^ 
should  be  avoided  with  bedridden  patients,  for  with  these 
the  passage  of  food  from  the  stomach  to  the  intestine  is  a 
rather  slow  one.  Some  exercise  is  always  useful  after  tak- 
ing salts,  and  this  is  one  of  the  reasons  why  patients  receive 
benefits  from  salt-cures  in  watering-places  which  they  fail 
to  secure  at  home. 

Because  of  this  slight  irritation,  they  are  preferred  for 
the  removal  of  liquid  from  the  body.  The  addition  of  a 
small  amount  of  a  vegetable  cathartic  —  rhubarb  or  senna  — 

■  The  latter  have  such  a  larRe  molecular  weijibt  that  ther  cuinM  van  m 
ercBi  utt  sction.  but  produce  catharsis  mainlj  meihanicallT  hy  their  own  ta«- 
They  form  the  laialire  principlr  of  many  /ruiU;  other  fruin  coDtaiD  nunnrle  " 


,ab,  Google 


THERAPEUTICS.  543 

seems  very  useful.  The  "  black  draft  "  or  compound  infu- 
sion of  senna,  is  a  very  good  preparation. 

Just  as  all  other  cathartics,  they  are  of  use  in  intestinal 
putrefaction,  by  removing  the  putrefying  mass. 

The  choice  between  the  salt  cathartics  is  very  largely 
determined  by  their  taste.  The  sodium  sulphate  has,  per- 
haps, the  most  disagreeable  taste;  the  magnesium  sulphate 
somewhat  less  so.  Sodium  phosphate  is  perhaps  the  least 
disagreeable.  MgO  and  MgCOg  act  as  alkalies  as  well  as 
cathartics. 

We  may  now  take  up  these  salts  somewhat  more  iq 
detail. 

4.  SODIUM  SULPHATE. 

This  is  the  most  typical  of  these  cathartic  salts,  being  but 
very  little  absorbed,  and  almost  free  from  ion  action.  It 
has  no  action  on  metabolism.  On  account  of  its  very  bitter 
taste,  it  is  not  much  used,  except  in  veterinary  practice, 
but  it  forms  an  important  ingredient  of  many  mineral 
waters,  e.  g.,  Carlsbad. 

The  kidneys  are  even  more  permeable  to  sodium  sulphate 
than  to  NaCl,  so  that  its  intravenous  injection  produces  a 
copious  diuresis.  The  secretion  of  gastric  juice  is  not  in- 
creased. 

The  stimulant  action  of  hypodermic  or  intravenous  injec- 
tions of  sodium  sulphate  appear  to  surpass  those  of  sodium 
chlorid,  especially  in  phenol  poisoning.'  An  isotonic  solu- 
tion (2%  of  the  dried  or  4%  of  the  crystalHne  salt)  is  used 
in  quantities  of  500  to  1,000  c.  c. 

5.  SODIUM  PHOSPHATE. 
The  phosphates  also  exhibit  merely  a  local  cathartic  salt 
action.  The  presence  of  phosphorus  in  nerve  tissue  sug- 
gested the  use  of  phosphates  and  phosphoric  acid  as  nerve 
stimulants.  There  seems  to  be  no  scientific  foundation  for 
this.  The  phosphoric  acid  of  the  urine  comes  almost  en- 
tirely from  the  phosphorus  of  the  nucleins  of  the  cells,  not 
from  food,  and  it  is  doubtful  whether  the  small  amount  of 
phosphates  absorbed  is  ever  utilized. 

When  injected  subcutaneously,  they  are  rapidly  excreted  by  the  in- 
testine and  kidneys.  The  feces  contain  phosphates  even  in  starvation. 
Milk  contains  a  large  proportion  of  phosphates,  and  it  is  possible  that  the 
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administration  of  these  salts  might  be  useful  in  lactation,  but  this  has 
not  been  demonstrated.  The  administration  of  phosphates  has  no 
effect  on  nitrogen  metabolism.  Intravenously,  the  phosphates  stimulate 
the  vagus  endinpis  similarly  to  thyroiodin,  and  they  have  been  claimed 
to  be  of  benefit  m  the  same  conditions. 

6,  MAGNESIUM  SALTS. 

Magnesium  salts  are  converted  into  the  acid  carbonate  in  the  small 
intestine,  according  to  the  formula : 

MgSO.  +  Na,CO.  +  H,0  +  C0,=  Mg(HCO,>,  +  Na.SO.. 
In  so  far,  it  is  quite  immaterial  what  particular  salt  be  given.  The 
hydrate,  carbonate,  chlorid,  or  sulphate  are  all  converted  into  this  car- 
bonate. However,  in  the  case  of  the  sulphate,  the  sodium  sulphate 
which  is  formed  is.  of  course,  also  cathartic,  so  that  the  effect  is  doubly 
large.  The  hydrate  and  carbonate,  on  the  other  hand,  possess  also  the 
action  of  alkalies. 

When  taken  by  the  month,  magnesium  is  never  absorbed  in  suffi- 
cient amount  to  have  any  ion  action.  Injected  intravenously,  it  pro- 
duces much  the  same  effects  as  potassium :  paralysis  of  the  heart  and 
the  central  nervous  system. 

These  are  sometimes  seen  in  animals  when  the  solution  contained  in 
the  manometer  inadvertently  enters  the  circulation.  They  are  usually 
not  very  lasting,  since  the  excretion  is  quite  rapid. 

Magnesium  AnertheaU.— Meltzer  and  Auer  {1905)  have  found 
that  a  general  anesthesia,  with  abolition  of  reflexes,  may  be  produced 
t^  the  subcutaneous  injection  of  magnesium  salts  (1,5  Gra.  of  crystal- 
line magnesium  sulphate  per  Kg.  of  body  weight,  used  as  25%  solu- 
tion). The  injection  causes  but  little  pain,  since  the  magnesium  is 
also  a  local  anesthetic.  The  anesthesia  is  complete  in  half  an  hour  or 
an  hour,  and  lasts  about  two  hours.  The  blood  pressure  is  but  little 
lowered ;  there  is  some  diuresis,  but  no  diarrhea.  The  recovery  is 
perfect.  Somewhat  larger  doses  are  fatal,  paralyzing  the  respiration 
before  the  heart.  The  effective  dose  approaches  the  fatal  so  closely 
that  this  method  is  not  available  for  man,  Meltzer  has,  however,  used 
the  intraspinal  method  (i  c. c,  of  25%)  successfully  in  several  cases, 
and  also  in  traumatic  tetanus.  This  produces  sensory  and  motor 
paralysis  of  the  legs  and  pelvic  region,  occurring  in  3  to  4  hours,  and 
lasting  8  to  14  hours.     There  is  also  retention  of  urine  for  one  or  two 

7.  FERRO-  AND  FERRI-CYANIDS, 

These  belong  to  the  typical  non -absorbable  salts,  and  are  entirely 
free  from  eyarid  action.  They  are  not,  however,  employed  as  cathartics, 
since  the  HCN  could  conceivably  be  liberated  from  them  by  acids. 
They  have,  indeed,  been  very  little  studied, 

Ferrocyanids  form  insoluble  precipitates  with  most  metals  (Cu,  Ni, 
Fe,  Co,  Zn)  and  with  Strychnin,  and  have  been  suggested  as  chemic 
antidotes  to  these  poisons. 

MATERIA  MEDICA  OF  CATHARTIC  SALTS, 

The  dose  of  these,  unless  specially  noted.  Is  4  to  30  Gm.  <'t  to  8 
drachms)  (teaspoonful  to  z  tablespoon Euls)  taken  before  breakfast  in 
a  tumbler  of  coM  water.  Doses  of  0.5  to  1  Gm,  (7J^  to  15  grs.)  are 
mildly  laxative.     They  are  practically  insoluble  in  alcohol. 
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Cnide  Salts. 

One  part  of  salt  is  soluble  in  water. 
Uagnem    Carbotuu    (U.  S.  P.).— (M6rC0.).Mg(0H),+ 

SHzO   Pratt,  insol. 

_C3  Gn].  =  4S  grs.,  U.  S.P.) 
Magnesii   Carbonas    Levis   and    Magnesii   Carhonas   Pon- 

deroitu    (B.  P.) "  " 

Mognesii   Oxidum    (U.  S.  P.)     {Magnesia   Levis,   B.  P.].~ 

Light   Magnesia    "  " 

MgO.     Dose:  2  Gm.  =  30  grs.,  U.  S.  P. 
Magnesii  Oxidum  Ponjerosum   (U.  S.  P.)   [Magnesia  Pon- 

derosa,  B.  P.]. —  Heavy  Magnesia   "  " 

MgO.    Dose:  2  Gm.^30  grs.,  U.  S.  P. 
Mazneni     Sulphas      (U.S.  P..     B.  P.).— Epsom     Salt.— 

MgS0.  +  7H,0  085 

Polassii   Bitariras    (U.  S.  P.)     [Potassii     Tarlras    Acidus, 

BP,].—  Cream   of  Tartar.     KHCH.O. 200. 

Dose  as  diuretic :     2  Gm.  =Jo  grs.,  U.  S.  P. 
Potassii    et     Sodii     Tartras     (U.  S.  P.)      [Soda     Tarlrala, 

B,  P.].—  Rochelle  Sail.—  KNaC.H.O,  +  4H,0  1.3 

Potasiii    Sulphas     (U.  S.  P.).— K.SO..      Dose:    a    Gm.= 

30  grs..  U.S.? 9. 

Sodii    Phosphas     (U.S.  P.,    B.  P.).— Na,HPO.  +  i2H.O. 

Dose:  2  Gm.=3o  grs.,  U.  S.  P 5.5 

Sodii  Phosphas  Exsiccatess  (U.  S.  P.).— Na.HPO..  Dose: 

1  Gm.  =  is   grs-,   U.  S.  P 

Sodii  Pyrophosphas  (U.  S.  P.).— Na.P.a  +  10H,0.   Dose: 

2  Gm.  =  30  grs.,  U.  S.  P. ii.S 

Sodii     Sulphas      (U.  S,  P.,      B.  P.).— C/auftcr'j      Salt.— 

Na,SO.  +  i0H,O    2& 

Saccharum  Lactis  (U.  S.  P.,  B.P.).— Mf/fr  5"u£ar.— Prepared  by  evap- 
orating and  crystaiH7ing  the  whey  of  cow's  milk.  CuHaOu  +  HiO. 
Hard  white  crystalline  masses  or  powder.  Sol.  in  4-79  water,  insol.  in 
alcohol.  9  to  IS  Gm.  (2  to  43),  in  warm  milk  an  hour  before  break- 
fast, causes  a  soft  stool.  Smaller  doses  (pure  or  as  milk)  are  efficient 
for  diuresis.  Milk  Sugar  is'  also  used  to  facilitate  the  comminution 
of  powders,  on  account  of  its  hardness.  It  is  further  employed  as 
iweetening  agent,  especially  for  powders ;  and  in  infant  foods. 

The  Citrates  are  considered  in  Chapter  XXV  (see  Index). 

Effervescing;  Salts. 

Pithis  Effervescent  Compositus  (U.S.  P.)  [Pulvis  Soda  Tartrate! 
Egnvttcens,  B.  P.]. —  Seidlile  Powder.—  The  blue  paper  contains 
Rochelle  Salts  (7.5  Gm.)  and  Sod.  Bicarb.;  the  white,  tartaric  acid. 
Each  is  to  be  dissolved  separately  in  a  little  water,  the  solution  mixed 
in  i  large  tumbler,  and  drunk  whilst  etTervescing. 

The  dose  of  the  other  effervescent  salts  is  one  to  two  teaspoonfuls. 
dissolved  in  cold  water  when  needed,  and  drunk  immediately.  All 
the  above  salts  are  prepared  in  effervescent  form  by  manufacturers. 
The  following  are  official  in  the  respective  Pharmacopceias ; 

U.  S.  P. 
Magnesii  Sulphas  Effervescens  —  .';o%. 
Sodii  E^osphas  Effervescens  —  20%  of  exsiccated. 
Lithii  Citras  Effervescens  — 5%. 
Stndr  Hiterii  Hedica  Les*on  41- 
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B.P. 
Lithii  Citras  EfTervescens. 
Ma^esii  Sulphas  EServescens. 
Sodii  Citro-tariras  Effervescen*. 
Sodii  Phosphas  Effervescens. 
Sodii  Sulphas  Ellervescens. 

Liquid  Prepantloiu. 

Liquor  Magnesii  Citratis  (U.S.  P.)- — An  effervescitiK  solution,  put 
up  in  bottles  of  360  c.  e.  (i2  5).  containing  is.  Gni.  04$)  of  Mag- 
nesium Carbonate,  dissolved  by  Citric  Acid.  Dose:  one  bottle,  in  di- 
vided doses. 

Liquor  Magnesii  Carbonatis  (B.  P.). —  A  2%  carbonated  solution. 
Doset  30  to  60  c.  c.  (i  to  2  ozs.). 

Liquor  Sodii  Phosphalis  Compositus  (U.  S.  P).— 100  c.c.  of  the 
solution  contains  lOO  Gm.  of  sodium  phosphate,  4  Gm.  of  sodium  ni- 
trate, and  13  Gm.  of  citric  acid.    Dose:  8c.c.  =  23  (U.S.  P.). 

C.  DIURETICS.' 

Diuresis  (increase  of  the  quantity  of  urine)  is  produced  by  many 
substances  acting  by  various  mechanisms,  and  belonging  to  different 
groups.     The    wnole    subject    may,    however,    be    summarized    in    this 

Elace  as  a  considerable  proportion  of  the  diuretics  act,  at  least  in  part, 
y  sah  action. 

The  details  of  the  actions  of  diuretics  will,  not  be  discussed  in  this 
summary.     They  may  be  found  by  referring  to  the  individual  drugs. 
Diuretics  may  be  divided  into  the  following  classes: 

1.  Acting  through  changes  in  the  general  circulation. 

2.  Acting  purely  by  local,  irritant  stimulation  of  the  kidney-cells. 

3.  Acting  by  non-irritant  stimulation  of  the  kidney-cells. 

4.  Acting  mainly  by  salt  action. 

I.  DiureticB  Which  Act  by  Influencing  the  General  CIrcnl«- 
tton. —  The  secretion  of  urine  is  roughly  proportional  to  the  glomeru- 
lar blood- pressure.  This  may  be  raised  by  increasing  the  work  of  the 
heart,  as  by  Digitalis  (which  acts  also  by  increasing  the  pulse-wave, 
lessening  venous  congestion,  and  rendering  the  blood  hydremic). 
Vasoconstrictors  generally  act  very  powerfully  on  the  renal  arterioles, 
so  that  they  tend  to  lower  the  glomerular  pressure,  notwithstanding 
the  rise  of  general  blood- pressure.  Vasodilators  also  tend  to  lower 
the  glomerular  pressure.  They  are  useful,  however,  when  a  vaso- 
constriction is  to  be  counteracted,  as  with  Digitalis  or  Caffein. 

3.  Irritant  Diuretics. — Moderate  irritation  raises  the  glomerular 
pressure  by  dilatinj:;  the  renal  arterioles.  It  is  conceivable  that  it 
also  stimulates  the  vital  secretory  activity  of  the  cell.  Excessive  irrita- 
tion, on  the  other  hand,  produces  venous  congestion,  which  hinders 
the  filtration  of  urine  by  compressing  the  tubules.  The  cells  are  also 
injured,  as  shown  by  the  appearance  of  albuminuria;  and  their  per- 
meability is  thereby  lessened. 

Irritant  diuretics  are  very  numerous  and  only  a  few  of  the  more 
important  can  be  menliined : 

(a)  Essential  Oils. —  Especially  turpentine,  juniper,  cubeba.  etc. 

(6)  Hydrocarbons.— Alcohol,  urethane,  urotropin,  etc.  These  pro- 
duce only  a  mild  irritation. 

'  EMtdtfs  64,  65,  6e  10  ;i. 
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(The  diuretic  action  of  beer  is  due  mainly  to  the  rapid  ingestion 
of  its  water;  at  least,  Rapael  (1894)  failed  to  discover  any  difference 
in  the  daily  excretion,  whether  a  liter  of  water  or  of  beer  was 
taken.) 

(r)  Absorbable  Melals. —  Especially  Calomel. 

id)  Aromatic  Series. —  All  the  members  of  the  series  arc  diuretic, 
and  this  is  commonly  encountered  as  a  side-action ;  it  can  be  used 
practically  only  in  a  few  instances,  as  with  Uva  Ursi  and  Piperazin. 

(«)  Ciafrjjidj.— These  are  closely  related  to  the  aromatic  series. 
Here  belong: 

Broom  Tops  (Scoparius).  These  owe  their  diuretic  action  to  Sco- 
parin.  The  alkaloid  Spartein  (see  Index)  does  not  contribute  to  it 
Dose  of  Scoparius  (Extractum  Scoparii  Fluidum)  :  i.o  to  4.0  c.  c. 

Asparagus  tops  seem  to  act  similarly.  They  are  given  in  4  c.  c. 
doses  of  the  fluidextract. 

G>rn  Silk,  Triticum,  Guaiac,  etc.,  may  be  counted  in  this  group. 

Cantharidin,  Aloin,  etc.,  are  too  powerful  for  therapeutic  use. 

If)   Acids,  Alkalies,  and  Some  Salts    (notably  Nitrates)    are  also 

3,  Stimulant   Dluretici This  is  the  place  generally  assigned  to 

caffein  and  fheobromin;  part  of  their  effect,  however,  is  due  to 
peripheral  dilation  of  the  renal  arterioles.  No  irritant  action  has  been 
described  for  cafTein  and  theobromin  even  for  large  doses;  but  it  has 
been  noted  with  theocin.  However,  large  doses  of  caffein  interfere 
with  diuresis  bjf  central  vasoconstriction.  This  is  to  be  counteracted 
by  chloral  or  nitroglycerin. 

4,  Saline  Diuretlci. —  Water,  salts,  sugars,  urea,  etc.,  act  by  lessen- 
ing the  viscidity  of  the  blood,  thereby  increasing  its  filtrability  and 
raising  the  glomerular  pressure;  by  shrinking  the  renal  cells;  and  by 
preventing  the  reabsorption  of  water  from  the  tubules.  In  addition, 
It  is  rather  probable  that  they  cause  the  stimulation  of  the  vital 
activity  of  the  kidney-cells.  This  is  most  pronounced  in  the  case  of 
milk-sugar;  urea;   iodids;  nitrates;  alkalies;  and  acids. 

Water  may  be  rendered  more  palatable  by  carbonic  acid,  or  by 
giving  it  as  lemonade,  or  as  teas.  These  additions  enhance  its  diuretic 
efTect. 

Normal  Saline  solution  may  be  injected  hypodermically  or  by  rec- 
tum. The  following  mixture  has  been  found  to  produce  an  especially 
large  diuresis,  and  has  been  recommended  for  the  removal  of  toxins, 
etc.  (S.  A.  Mathews.  1904):  NaCI.  3.67;  Na.SO.,  10,1;  CaCl,,  0.136; 
Sod.  Citrate,  3.36;  Water,  i.ooo.  600  c.  c.  per  day  of  this  are  injected 
very  slowly  into  a  vein   (3  e.  e.  per  minute). 

Milk  is  a  very  efhcieni  diuretic,  acting  partly  by  its  water,  partly  by 
its  sugar.    Milk-sugar  and  Urea  are  given  in  doses  of  10  to  30  Gm. 

Diluted  Inorganic  Acids  (in  the  form  of  lemonade)  are  rather  too 
irritant  to  the  stomach  and  kidneys,  and  are  to  be  used  only  if  an  acid 
action  is  distinctly  indicated. 

Alkalies  are  very  effective;  (hey  also  render  the  urine  alkaline. 
Free  alkalies  and  carbonates  are  not  used,  since  they  interfere  with 
digestion.  The  effect  is  obtained  from  organic  acids  and  their  salts 
(especially  the  acetate  or  citrate  of  potassium),  which  are  oxidized 
to  carbonates  in  the  body. 

Iodids  and  Nitrates  are  given  as  the  potassium  salts.  The  iodid 
acts  too  powerfully  on  other  functions  to  be  used  as  a  pure  diuretic. 
The  reputation  of  lithium  is  onmerited. 

The  comparative  diuretic  effect  of  these  drugs  on  normal  man 
was  investigated  by  Raphael  (1894),  who  placed  himself  on  a  uniform 
diet  for  prolonged  periods.    He  consumed  daily   1,180  c. c.  of  fluid; 
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i/MO  c.  c.  water  —  ioo%.  0.5  Gm.  Caffein-Sod.-SalicyL 

1,000  c.  c.  carbonated  water  — 73%.  ^^%. 

1,000  cc.  beer— 100%.  as  Gm.  Diuretin—  2%. 

1,000  c.  c.  claret  —  80%.  1.5    "  "  14%. 

1,000  ccmilk— IS3%.  3-      "  "  53%. 

30  Gm.  milk-sugar  —  34%. 

0.4  Gm.  turpentine — 11%. 

0.2  Gm.  01.  Junip.  +  1,000  c.c 
water— 111%. 

In  disease,  the  results  would  probably  not  be  quite  the  same.  The 
choice  of  the  diuretic  must  be  determined  by  the  condition  of  the  kid- 
neys, and  by  the  object  to  be  accomplished.  A  combination  of  several 
diuretics  is  often  most  effective;  they  are  generally  administered 
with  plenty  of  water. 

The  indicationfl  for  dinretiw  are  as  follows : 

1.  The  removal  of  liquid  from  the  body,  in  the  various 
forms  of  dropsy.  In  this  case  it  is  well  to  employ  them 
with  as  little  fluid  as  possible. 

If  the  dropsy  is  of  cardiac  origin  drugs  of  the  digitalis 
series,  combined  if  necessary  with  nitroglycerin,  are  the 
most  efficient  diuretics,  and  salts  may  also  be  added.  If  it 
is  of  metabolic  origin,  benefits  may  follow  salts  or  arsenic. 
If,  however,  it  is  of  renal  origin,  diuretics  should  be  avoided 
altogether,  and  recourse  should  be  had  to  diaphoresis. 

2.  To  remove  toxic  substances  from  the  organism,  wheth- 
er these  have  been  introduced  from  without  or  formed 
within  the  body,  a  free  supply  of  water,  in  the  form  of 
infusions,  supported  by  the  irritants,  salts,  or  theobromin, 
fulfils  the  indication.  The  hypodermic  injection  of  large 
amounts  of  normal  salt  solution  is  a  most  effective  method. 
Irritants  must  be  avoided  if  the  kidneys  are  inflamed,  or  if 
the  poison  is  itself  irritant. 

3.  To  dilute  the  urine:  This  may  be  useful  (a)  to  render 
it  less  irritant  to  the  urinary  passages  in  nephritis  or  in- 
flammation of  the  bladder  or  urethra ;  it  also  serves  a  useful 
purpose  in  frequently  washing  out  the  pus  and  bacteria. 

(6)  To  prevent  the  formation  of  calculi,  or  to  remove 
concretions  formed  in  the  urinary  tubules  (as  in  oxalate- 
poisoning). 

(c)  To  dilute  irritant  poisons,  whose  action  on  the  kid- 
neys is  proportional  to  their  concentration. 

For  the  dilution  of  the  urine,  water  supported  by  theo- 
bromin is  of  the  greatest  service. 
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Nephritis  contralndicates  irritant  diuretics,  and  such  as 
will  become  poisonous  if  they  are  not  excreted  (potassium, 
digitalis,  mercury). 


CHAPTER  XXV. 
ION  ACTION  OF  SOLUBLE  SALTS. 

In  addition  to  the  osmotic  actions  which  have  just  been  described, 
electrolytes  show  effects  which  are  due  to  their  constituent  ions. 
These  actions  are  generally  proportional  to  the  degree  of  ionization : 
The  comparatively  firm  mercuric  albuminate  is  much  less  active  than 
the  ionized  mercuric  chlorid;  (errocyanids,  in  which  the  iron  does  not 
exist  as  an  ion,  acts  quite  differently  from  ferrous  salts,  and  these 
E^in  differ  from  ferric  salts.  Gaseous  chlorine  does  not  behave  at 
all  like  the  chlorine  ion  of  NaCl ;  etc.  The  chemic  behavior  varies  in 
the  same  way  with  the  degree  and  state  of  ionization.  The  ions  may 
act  by  entering  into  chemic  combinations  with  the  protoplasm,  pro- 
ducing various  compounds,  syntheses,  and  decompositions,  and  there- 
by lead  to  functional  changes.  They  may  also  alter  the  permeability 
of  the  cell-wall.  Besides  these  chemic  actions,  it  appears  more  than 
probable  that  the  electric  charges  carried  by  the  ions  exert  actions 
which  are  independent  of  the  chemic  nature  of  the  ions.  These  latter 
actions  may  well  be  termed  "  electratt-aclions,"^  whilst  the  sum  of  the 
chemic  and  electric  actions  produced  by  the  ions  may  be  grouped  to- 
gether as  "  speciHc  ion  actions."  It  is  quite  conceivable  that  the  chemic 
actions  are  also  in  the  last  instance  resolvable  into  electric  nranifesta- 
tions.  But  since  the  proof  for  this  has  not  yet  been  furnished,  and 
since  the  two  classes  of  actions  exhibit  striking  differences,  it  is  well 
to  keep  them  apart,  in  so  far  as  this  is  practicable. 

A.  ELECTRON  ACTIONS.! 

By  this  term  we  understand  those  actions  which  are  pro- 
duced by  the  electric  charges  carried  by  ions.  These  modify 
the  electric  condition  of  the  protoplasmic  colloids,  and  hence 
their  viscidity.  This  leads  to  important  modifications  of 
functions. 

The  existence  of  these  actions  is  shown  by  the  fact  that 
all  electrolytes  produce  certain  effects  in  common,  which  are 
not  produced  by  non-electrolytes.  For  instance,  an  egg- 
albumin  solution  cannot  be  coagulated  by  heating  when  the 
electrolytes  have  been  removed  by  dialysis.  The  coagula- 
bility is  restored  by  the  addition  of  electrolytes,  but  not  by 
non-electrolytes    (sugar,   etc.).     These  effects  are  largely 
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independent  of  the  chemic  properties  of  the  ions,  but  vary 
with  their  electric  properties,  such  as  the  sign  of  their 
electric  charge  and  the  ease  with  which  they  part  with  this. 
The  effects  agree  with  those  of  positive  and  negative  electric 
stimulation;  anions  and  cathions  tend  to  produce  opposite 
effects,  the  action  of  an  electrolyte  being  determined  by  the 
predominating  ion ;  analogous  phenomena  are  exhibited 
when  electrolytes  are  added  to  solutions  of  colloids. 

A  solution  containing  a  single  electrolyte,  no  matter  what 
the  chemic  nature  of  the  latter,  is  fatal  to  all  forms  of  life. 
This  toxicity  can  be  greatly  lessened  by  the  addition  of  a 
second  salt;  for  perfect  functionation,  several  salts  are 
necessary,  in  a  definite  "balanced"  ratio;  departures  from 
this  ratio  modify  the  functions  of  the  cell,  and  larger  changes 
are  fatal.  The  mineral  constituents  of  cells  are  therefor 
indispensable  to  life. 

Proofs  of  the  Gxirtcnce  of  Electron  Action.— J.  Loeb  (1902), 
to  whom  we  are  mainly  indebted  for  the  physiologic  conception  of  the 
electron  actions,  reasoned  from  Ihe  well-known  stimulant  effects  of 
galvanic  electricity,  that  the  electric  charges  of  ions  should  also  have 
corresponding  effects.  This  presumption  has  been  well  supported  by 
the  experimental  results  on  living  organisms,  and  is  explained  by  the 
physical  researches  on  colloids,  as  has  been  indicated  in  the  preceding 

'To  demonstrate  the  electron  action,  it  was  necessary,  first  of  all,  to 
eliminate  osmosis.  This  may  be  done  by  employing  isotonic  solutions, 
or  by  experimenting  on  animals  which  are  not  affected  by  osmosis. 
For  mstance,  a  small  fish,  Fundulus,  and  its  ova,  have  a  most  remark- 
able resistance  to  osmotic  changes,  living  quite  well  in  distilled  water, 
and  in  sea  water  the  molecular  concentration  of  which  has  been  more 
than  doubled.  It  will  die,  however,  if  it  is  placed  in  a  solution  of 
any  single  salt;  but  not  in  solutions  of  non- electrolytes. 

It  was  much  more  difficult  to  exclude  ordinary  chemical  changes  as 
the  cause  of  the  phenomena  which  might  be  attributed  to  electron 
action.  Even  now,  a  complete  separation  of  the  two  is  not  possible : 
but  the  connection  between  the  electric  properties  of  the  ion  and  its 
physiologic  action,  suffices  to  establish  the  existence  of  electron  ac- 

The  effect  of   electrolytes  on   colloidal   solutions   is  one  of  the 

most  convincing  proofs  of  electron  action.  These  phenomena  were 
investigated  tiy  Hardy  (1899  and  1900).  It  was  stated  od  page  .S2I 
that  the  colloid  aggregates  are  kept  in  solution  by  their  electric  charges. 
These  are  not  at  all  influenced  by  the  addition  of  non -electrolytes. 
such  as  sugar  or  urea.  But  they  are  increased  or  diminished  by 
electrolytes.  Colloids  with  neRalive  charges  are  precipitated  by 
catliions  and  rendered  more  Huid  by  anions,  and  vice  versa.  The  ac- 
tion of  different  ions  of  the  same  sign  differ  quantitatively.  This  can 
be  studied  by  comparing  the  effects  of  different  anions  combined  with 
the  same  cathion,  in  equimolecular  solutions,  and  vice  versa.  It  i'k- 
creases  generally  with  Ihe  valency.  H  and  OH  are  also  very  strong 
ions,  so  that  acids  act  as  cathions,  alkalies    as  anions.    The  action  of 
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t  of  the  action  of  its  ions.  For 
I  "  A "  is  expressed  as  +  2,  of 
an  anion  a  as  — i,  and  of  anion  "C"  as  — 4;  then  a  salt  "AB" 
would  have  an  action  of  +  i ;  "  AC "  of  —  2,  By  the  use  of  this 
method,  Pauli  (1903)  has  found  that  for  egg  albumin  the  cathions 
Mg,  NHi,  K,  Na,  and  Li  precipitate  in  this  order  (Li  most)  ;  whilst 
the  anions  prevent  the  precipitation  in  the  order:  CiH.O^  CI,  NOi,  I, 
SCN  (the  last  having  the  greatest  solvent  action).  The  effect  would 
be  the  reverse  if  a  positively  charged  colloid  were  employed  in  place 
of  the  negative  albumen.  A.  P.  Mathews  (1905)  has  found  that  the 
precipitative  power  is  in  close  agreement  wilh  his  theory  of  solution- 
tension  (see  below). 

The  reaction  of  motor-nerves  to  electrolytes  has  also  been 
shown  to  be  an  additive  function  of  the  two  ions :  the  anions  (alkalies 
or  increase  of  valency)  stimulating  the  sciatic  nerve  of  the  frog, 
whilst  cathions  (acids)  lower  its  irritability  (A.  P.  Mathews,  1902). 
This  agrees  wilh  the  old  observation  of  Galvani  (confirmed  by  Grandis, 
I{I03),  that  the  nerve  is  stimulated  when  it  is  charged  by  induction 
with  negative  electricity,  and  depressed  by  a  positive  charge,  Mathews 
assumes  that  the  stimulation  is  caused  by  the  precipitation  of  the 
(positive)  colloids  of  the  nerve  by  the  anions,  and  vice  versa.  This 
demands  further  proof,  especially  before  it  is  extended  to  other  forms 
of  protoplasm. 

The  Relation  of  the  Toxicity  of  Ions  to  Their  Electric  Prop- 
erties.—  The  quantitative  effects  of  ions  on  protoplasm  can  be  esti- 
mated most  exactly  and  most  conveniently  by  observing  the  molecular 
concentration  in  which  the  solution  will  just  cause  death.  This  has 
been  studied  by  a  number  of  investigators,  tt  was  noticed  that  the 
toxicity  increases  generally  with  the  atomic  weight  of  the  ion  —  Hg, 
for  instance,  being  much  more  toxic  than  Na ;  but,  on  the  other  hand, 
H  was  found  more  toxic  than  the  heavier  Na.  The  toxicity  also  in- 
creases generally  vAlh  the  valency;  but  here  also  there  are  very  striking 
exceptions,  the  monovalent  Ag  being  more  toxic  than  the  trivalent 
Al.  The  general  rule  is  so  striking,  both  as  to  the  atomic  weight 
and  valency,  that  some  connection  could  not  be  doubted ;  but  it  is  evi- 
dently not  a  simple  one.  The  subject  has  been  very  greatly  elucidated 
by  the  extensive  experiments  of  A.  P.  Mathews  (1904)  on  fundulus 
eggs,  which  are  peculiarly  adapted  to  these  investigations.  These 
showed  a  remarkable  agreement  between  the  toxicity  and  the  solution- 
tension  of  ions. 

The  solution-tension  signifies  the  tendency  of  a  metal  Co  go  into 
solution,  and  thus  to  acquire  an  electric  charge.  This  may  be  esti- 
mated by  physical  methods.  The  greater  the  solution -tension,  the 
greater  is  the  affinity  of  the  ion  for  its  charge ;  the  less  apt  will  this 
ion  be  to  part  with  ils  charge,  and  therefor,  the  less  its  ettect  on  col- 
loids. This  is  precisely  what  Mathews  found :  the  toxicity  of  an  ion 
varies  inversely  as  its  solution-tension;  the  toxicity  of  a  salt  varies 
inversely  as  its  "decomposition-tension"  i.  e.,  as  the  sum  of  the  solu- 
tion-tension of  both  its  ions.  (For  instance,  if  the  solution- tension 
of  the  anion  is  i  and  of  the  cathion  2.  the  decomposition- tens  ion  of 
the  salt  is  3.)  The  same  law  applies  to  the  inhibitory  action  of 
electrolytes  on  ferments.  Mathews  also  found  that  the  toxicity  in- 
creases with  the  quotient:  equivalent  weight  divided  by  atomic  vol- 
ume. When  we  understand  the  electric  condition  of  ions  and  colloids 
better,  we  shall  probably  find  that  there  is  a  common  basis  to  these 
connected  phenomena ;  and  some  apparent  exceptions,  which  still  exist, 
will  probably  be  explained. 

Other  forms  of  life  do  not  show  precisely  the  same  correspondence 
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The  Toxiqty 

FuNDULus  Ecc 

Lupins  Roots 

(Mathews). 

(R-H.True). 

aiNa'or  K, 

As  i:i 

As  I  :s 

Ca:Mg. 

'•   I  :J^ 

"    I  :200 

H  :  Fe  or  Co, 

"1:4 

'.'.   '  ■"''* 

Ni  :  Cu. 

"   1  :700 

Fe  :  Hg, 

"    I  ■.20fiOO 

"1:1 

This  disagreement  could  be  expected  from  the  complicated  condi- 
tiotu  which  prevail  in  most  cells,  and  does  not  at  all  speak  against 
Mathews"  law.  The  latter  deals  only  with  the  affinity  of  the  ion  for 
its  charge ;  but  the  colloid  is  also  an  active  factor  in  the  reaction, 
some  protoplasm  showing  a  greater  affinity  for  positive  charges,  and 
others  tor  negative  charges.  The  factor  of  penetration  introduces 
important  complications.  Electron  actions  must  occur  even  when  the 
ions  do  not  penetrate  into  the  cell,  the  charges  being  transferred 
through  the  intermediation  of  the  colloidal  cell-wall.  This  is  indeed 
the  most  favorable  condition  for  the  study  of  electron -act  ions,  since 
it  excludes  the  possibility  of  chemic  changes.  It  probably  explains 
the  comparatively  simple  results  obtained  with  fundulus  ova,  for  the 
experiments  of  O.  H.  Brown  (1905)  have  demonstrated  their  com- 
paratively great  impermeability  to  salts  and  water.  With  most  cells, 
however,  the  possibility  of  strictly  chemic  modifications  of  the  proto- 
plasm by  the  ions  is  more  or  less  important.  Finally,  the  action  of 
the  added  ions  will  be  greatly  modified  by  the  iom  which  are  already 
present  in  the  tissues,  as  will  be  seen  in  the  next  paragraph. 

Antitoxic  Action  of  Ions. —  As  far  as  known,  no  cell  can  remain 
alive  unless  it  contains  some  electrolytes.'  If  these  are  reduced  below 
a  certain  minimum,  the  cell  dies  rapidly.  But  in  many  cases  it  dies 
even  more  promptly  if  it  is  placed  in  a  solution  containing  but  a 
single  electrolyte.  This  is  the  toxicity  which  was  described  in  the 
preceding  paragraph.  It  would  seem  therefor  that  several  electrolytes, 
to  a  certain  ratio,  are  required  in  order  that  the  cell  may  perform  tls 
functions.  This  was  confirmed  by  J.  Loeb  <igoi),  who  showed  that 
the  toxicity  of  an  electrolyte  can  be  very  greatly  lessened  by_  the  addi- 
tion of  another  electrolyte,  somMimes  in  very  small  proportion.  (For 
instance,  the  addition  of  TiAnrin  Cad  neutralizes  the  toxic  action  of 
^m.  NaCI  on  Fundulus  ova.)    The  antagonism  is  mutual,  at  least  to 

From  his  observations,  Loeb  concluded  that  the  cathions  were  re- 
sponsible both  for  the  toxic  and  antitoxic  actions ; '  and  that  cathions 
of  different  valency  neutralized  each  other.  The  extensive  experi- 
ments of  A,  P.  Mathews  (1905)  modify  these  theories:  It  would 
appear  that  cathions  and  anions  are  both  concerned  in  the  toxic  and 
antitoxic  actions  (allhough  the  cathions  are  probably  the  more  im- 
portant) ;  and  that  the  valency  has  no  direct  connection  with  either 
the  toxic  or  antitoxic  action.  The  decoitiposition-tension  seems  to  be 
of  subsidiary  importance  in  the  antitoxic  action,  and  it  appears  to 
be  necessary  to  invoke  several  mechanisms,  especially  chemic.  for  its 
explanation.  The  antagonism  is  evidently  a  complex  phenomena,  in- 
volving also  the  specmc  ion  actions.  It  may  be  noticed,  for  in- 
stance, that  certain  ions   (NHi  and  Li)   are  particularly  difficult   to 

■The  mktoclifmic  iovMtiRs lions  of  A.  B.  Macallum   (i^oj)  indicate  thil  tbe 
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neutralize;  Ca  is  especially  antitoxic,  Mg  much  less  so;  Ni  scarcely 
at  all.  The  optimuin  ratio  and  the  degree  of  antagonism  vary  for 
different  classes  of  cells.  Even  when  the  antagonism  of  two  salts  is 
at  its  best,  it  is  never  perfect ;  it  requires  the  addition  of  one  or 
more  further  salts  to  enable  the  cell  to  perform  its  functions  prop- 
erly. Indeed,  a  strictly  normal  condition  it  not  reached  until  the  cell 
is  placed  in  a  solulion,  the  cathions  of  ivhich  are  within  narrow  limits 
the  same  qualitatively  and  quantitatively  as  those  of  its  normal  sur- 
roundings.' Instances  will  l>e  given  in  the  succeeding  paragraphs, 
that  closely  related  ions  sometimes  have  very  different  effects,  and 
cannot  replace  each  olher.  All  these  phenomena  can  be  explained  on 
the  pure  electron -theory  only  by  making  far-reaching  assumptions, 
which  are  not  yet  justified.  Neither  can  it  be  denied,  however,  that 
the  electric  charges  may  play  an  important  part  by  modifying  the 
viscidity,  either  directly,  or  through  the  occurrence  of  chemic  changes 
which  modify  the  electric  condition  of  the  colloid  (Pauli,  1903,  has  ob- 
served, for  instance,  that  the  addition  of  calcium  reverses  the  effect 
of  anions  on  the  precipitation  of  albumen).  The  addition  of  a  second 
salt  may  also  alter  the  ionic  condition  of  the  first,  the  calcium  and 
citrate  ions  being  mutually  antagonistic  in  this  manner  (Sabbatani, 
1901).  G.  N.  Stewart  (1903)  suggests  that  the  antagonism  may  be 
explained  in  some  cases  by  alteration  of  the  permeability  of  the  cell- 
wall,  preventing  osmosis  or  the  penetration  of  harmful  ions.  This  is 
supported  by  some  of  Mathews'  observations.  Finally,  the  antagon- 
ism may  be  functional,  for  it  has  been  noticed  that  calcium  also 
antagonizes  some  poisons  which  are  not  electrolytes  (veratrin,  Ringer. 
1884;  physostigmin,  S.  A.  Mathews  and  O.  H.  Brown,  1904;  cascara, 
MacCallum,  1904),  and  to  which  it  is  opposed  in  its  functional  ef- 
fects. 

Ion  Effects  on  MnscnUr  Tluaes. —  The  irritability  of  muscle  is 
closely  connected  with  its  ions,  and  any  change  in  the  latter  influ- 
ences the  muscular  functions.  For  instance,  if  a  skeletal  muscle  is 
placed  in  an  isotonic  solution  of  an  electrolyte  with  monovalent 
cathion,  it  exhibits  ryhthmic  contractions  (Loeb,  1899);  if  a  certain 
proportion  of  a  calcium  salt  is  added,  the  ryhthmic  property  disappears 
again.  The  ryhthmic  contraction  of  the  cardiac  muscle  or  of  medusae 
also  disappears  when  calcium  Is  added.  Rhythmic  contractihillty  is 
not  therefor  a  property  characteristic  of  cardiac  muscle,  but  is  in- 
herent in  all  muscular  tissues.  The  reason  why  the  contraction  of 
the  heart  is  ordinarily  rhythmic,  and  that  of  skeletal  muscle  not,  lies 
in  the  fact  that  the  ions  in  the  heart  are  balanced  so  as  to  favor  rhyth- 
mic contractions,  and  in  the  skeletal  muscle  they  are  not  so  balanced. 
It  had  long  been  recognized  empirically  that  the  heart  will  only  con- 
tinue to  beat  in  solutions  which  contain  a  number  of  electrolytes  in  a 
Sretty  definite  ratio;  a  deficiency  or  an  excess  of  any  of  these  ions 
eing  equally  fatal.' 
Other  functions  of  the  muscle  are  also  modified.  Certain  modifica- 
tions of  the  ions  lead  to  total  abolition  of  irritability.    Other  modi- 

iThc  followmg  B3l<  ions  Ire  absolutely  necessary  10  plants:  K.  Mg,  PO., 
CO,  {Na  and  CI  are  not  necessary);  Ca  to  all  hut  the  lower  fungi  and  algK. 
"      '-      -  iBseniial  consiiiuent  of  vcEctable  DiiidiiinK  eniymes,     NO.and   SO^ 


act  as  nulrimts. 

Animati  require  Na.  CI,  CO,.  Ca.  K,  Mg.  I.  Fe.  PO.,  SO,.     It  is  ■ 

,ery  doubt- 

*  RiHf^"  Hu!d '(18S4')  was  devised  for  (he  IragS  ktarl.     It  is  made 
I  t  e.  of  a  1%  KCl  solution  10   100  c.  c,  of  0.75%  Nat*  solution  whic 

.'W'^ 

ne»hat  dif- 

addition  of 

,ab,GoOglc 


554  ^ON   ACTION   OF   SOLUBLE  SALTS.  CH.   XXV. 

ficalions  increase  or  lower  tlie  lone  of  muscle;  or  they  may  develop 
"  contact-irritability y  so  that  a  muscle  will  react  to  stimuli  which  are 
ordinarily  ineffective.  The  latter  action  may  be  concerned  in  the 
specific  action  of  cathartic  salts. 

R.  S.  Lillie  (15102)  has  studied  the  eflfects  of  ions  on  the  larvae  of  a 
sea-worm  (Arenicola),  which  executes  both  ciliary  and  muscular 
movements.  He  found  that  the  presence  of  magnesium  in  the  mixture 
favors  the  contraction  of  the  citia,  calcium  of  the  muscles;  potas- 
sium hinders  both,  Parker  (1905}  has  found  that  potassium  reverses 
the  stroke  of  certain  cilia. 

Ion  Effects  on  the  Kidneys. —  The  polyuria  and  glycosuria  which 
follow  the  intravenous  injection  of  large  quantities  of  most  sodium 
salts  (especially  in  slightly  hyperisotonic  solutions)  perhaps  also  in- 
volve ion  action;  at  least  (W.  H.  Fischer  and  O.  H.  Brown,  1903) 
the  addition  of  a  small  proportion  of  CaCXt  stops  the  diuresis,  which 
may  then  be  started  again  by  injecting  sodium  acetate.  Sr  or  Ba 
salts  prevent  the  glycosuria  without  affecting  the  polyuria. 

Sollmann  (1905)  has  found  that  calcium  also  hinders  the  filtration 
of  urine  and  impedes  the  circulation  in  excised  kidneys,  whilst  mag- 
nesium favors  them.  These  effects  may  be  referred  to  ion  actions 
on  the  renal  protoplasm.  The  effects  of  most  other  ions  which  were 
investigated  in  this  manner  are  referable  to  osmotic  changes,  due  to 
differences  of  penetrability. 

Importance  and  Limitations  of  the  Electron  Theory.— The  the- 
ory of  electron  actions  has  furnished  us  with  new  and  fruitful  con- 
ceptions, with  a  deeper  insight  into  the  reactions  of  protoplasm,  and 
with  new  indications  of  research.  It  should  be  remembered,  however, 
that  it  does  not  as  yet  attempt  to  explain  the  actions  of  non-electro- 
lytes; and  that  it  cannot  be  said  to  explain  fully  all  the  actions  of 
electrolytes.  It  does  not,  for  instance,  explain  the  qualitative  differences 
in  the  action  of  the  iodids,  bromids,  and  chlorids ;  of  calcium,  mag- 
nesium, or  barium;  the  specific  toxicity  of  potassium  for  muscle  and 
nerve;  nor  the  need  for  the  presence  of  several  ions.  We  must  not 
foreet  that  protoplasm  has  chemical,  as  well  as  physical,  properties; 
and  that  many,  if  not  all,  ions  are  capable  of  entering  into  ordinary 
chemical  reaction  with  the  protoplasm.  The  specific  ion  actions,  as 
we  can  observe  them,  arc  therefor  the  result  of  a  cooperation  of 
physical  and  chemical  changes.  In  the  present  state  of  knowledge, 
it  would  be  unremunerative  to  attempt  to  distinguish  between  these. 
A  more  practical  conception  of  the  action  of  the  individual  ions  can 
still  be  obtained  by  describing  the  phenomena  as  they  are  observed, 
without  trying,  as  a  rule,  to  penetrate  into  their  meaning. 

Only  some  of  the  ions  will  be  discussed  in  this  place;  the  acids, 
bases,  metals,  the  cyanids,  nitrites,  the  cathartic  salts,  etc.,  deserve 
special  chapters. 

B,  SPECIAL  ION  ACTIONS. 

Summary  of  E4ect«. —  From  the  therapeutic  standpoint  the 
anions  are  the  more  important  ions,  the  cathions  being  used 
mainly  to  modify  the  effects  of  the  anions. 

Amongst  the  anions,  CI  is  indifferent  under  the  conditions 
of  the  body.  Br  causes  a  depression  of  the  central  nervous 
system.  I  and  SCN  produce  changes  in  metabolism ;  fluorid 
oxalates,  and  to  a  less  extent  citrates  and  tartrates,  are  toxic 
by  immobilizing  calcium ;  organic  anions,  carbonates  and 
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bicarbonates  act  as  alkalies;  NOj,  ClOj  and  MnO,  are 
oxidizing,  irritant,  and  alter  the  blood ;  borates  kill  bacteria ; 
NOj  causes  vasodilation  and  methemoglobin  formation; 
CN  hinders  ferment-action.  The  other  anions  are  for  the 
most  part  non-absorbable. 

The  modifications  introduced  by  the  Cathlons  '  are  as  fol- 
lows: Na  is  indifferent.  Mn,  K,  Rb  or  Cs  depresses  the 
heart  and  central  nervous  system.  Li  forms  soluble  urates 
and  produces  gastroenteritis.  NH^  hastens  the  penetration 
of  the  anion,  and  has  itself  a  stimulant  action  on  the  cen- 
tral nervous  system.  The  earthy  metals  delay  the  liberation 
and  absorption  of  the  anion.  Ca  depresses;  Ba  causes 
stimulation  of  muscle ;  Mg  has  a  cathartic  action.  Metals 
exert  a  local  chemic  action;  many  (as  Hg)  have  a  specific 
toxicity. 

The  eifects  of  the  ions  differ  very  greatly,  quantitatively, 
according  to  the  channel  by  which  they  are  introduced; 
indeed,  many  ions  are  excreted  more  readily  than  they  are 
absorbed,  so  that  they  are  quite  inactive  when  given  by 
mouth,  whilst  they  may  produce  violent  effects  when  in- 
jected into  the  circulation.' 

Hodifloatioii  of  the  Zkne  of  Salts  Aoooiding  to  the  Csthion. — 
On  account  of  the  differences  in  absorption  and  by  their  spe- 
cific actions,  the  cathions  influence  the  doses  of  salts,  gener- 
ally as  follows :  Taking  the  dose  of  the  sodium  salts  as 
r,  that  of  the  NH,  salt  is  y, ;  K,  Rb  or  Li=j4 ;  Ca  or 
Sr=iJ^. 

I.    SODIUM  AND  CHLORID  IONS. 

That  these  ions  are  by  no  means  devoid  of  actions  is  shown  by  the 
prompt  death  of  cells  placed  in  pure  isotonic  solutions  of  NaCI.  They 
are,  on  the  other  hand,  absolutely  essential  to  most  animals  and  to 
many  plants.  They  form  the  greater  part  of  the  electrolytes  existing 
in  solution  in  the  tissues  and  fluids  of  the  vertebrates.  (However, 
the  mammalian  blood  corpuscles  contain  more  K  than  Na.)  SitKC 
a  considerable  quantity  of  these  ions  constantly  leaves  the  body  by  the 
excretions,  especially  by  the  urine,  they  must  be  constantly  replenished. 
Carnivorous  animals  obtain  a  sufficient  supply  in  their  food.  But 
since  K  predominates  over  Na  in  the  ash  of  plants,  herbivora  and 
animals  feeding  on  a  mixed  diet  require  additional  NaG.  This  need 
has  led  to  the  instinctive  use  of  this  salt:  in  regions  remote  from 
deposits  of  this  salt,  ashes  of  plants  which  are  rich  in  Na  have  been 
used  by  peoples  as  icnorant  as  the  negroes  of  the  interior  of  Africa. 

The  excretion  of  NaCl  keeps  step,  within  wide  limits,  with  its  inges- 
tion :  ifthe  supply  is  stopped,  the  excretion  falls  to  a  very  small  amount, 

■  All   catbians  atimulale  the  growtli   of  plants   in  tmall  doses,  while  Utsci 

■  A  saminary  ot  the  excrelloD  of  salts  is  given  by  Heffter.   igoj. 
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the  tissues  retaining  almost  their  normal  percentage.  A  small  excre- 
tion continues,  however,  so  that  the  tissues  finally  lose  salts  also. 
This  leads  to  the  phenomena  of  "salt-hunger"  expressed  particularly 
by  metabolic  disturbances,  emaciation,  etc.  When  the  loss  of  salt 
has  reached  a  certain  degree,  the  animal  dies. 

The  chlorid  excretion  is  also  greatly  diminished  in  some  cases  of 
nephritis ;  in  fevers,  particularly  in  pneumonia  (where  much  salt  is 
retained  in  the  elTusian)  ;  and  during  the  rapid  development  of  new 
tissue  (cancer). 

The  mechanism  by  which  the  proportion  of  sodium  chlorid  in  the 
blood  and  tissues  is  kept  practically  constant  has  been  the  subject  of 
much  investigation;  but  it  is  not  understood.  One  theory  (Forster, 
1873)  assumes  that  the  greater  quantity  of  the  salt  exists  in  the  body 
in  a  form  (perhaps  as  a  combination  with  the  proteids)  in  which  it 
cannot  pass  through  the  living  kidneys.  This  salt  is  therefor  retained 
with  great  tenacity.  Any  excess  over  this,  such  as  is  normally 
present,  is  free  and  filters  very  readily  into  the  urine.  This  theory 
is  not  quite  satisfactory,  but  it  agrees  with  the  observation  of  SoUmann 
(1902)  (hat  the  injection  of  those  ions  which  are  closely  related  to 
chlorid  (vii.,  Br,  1,  NO..  SCN)  increases  the  chlorid  percentage  in 
the  urine,  whilst  other  ions  do  not  have  this  effect :  it  may  be  assumed 
that  the  related  ions  can  displace  the  chlorid  from  its  proteid  com- 
pound. 

Cushny  (1902),  on  the  other  hand,  attributes  the  chlorid  regulation 
to  the  absorbing  mechanism  of  the  tubules. 

By  means  of  these  regulating  mechanisms,  an  excess  of  these  Na  or  Q 
ions  is  eliminated  very  promptly,  and  could  not  produce  any  very  large 
effect  But  even  when  they  are  retained,  these  ions  produce  only 
very  small  actions,  for  the  amounts  normally  present  are  so  large  that 
the  artificial  introduction  of  ordinary  amounts  will  not  increase  their 
ratio  to  a  considerable  extent,  Na  and  CI  are  therefore  the  most 
indifferent  of  the  ions,  and  their  salts  are  used  when  the  effects  of 
Other  ions  are  to  be  tested.  It  is  important  to  remember,  however, 
that  they  are  really  very  essential  to  the  protoplasm,  and  that  the  ab- 
sence of  effects  is  due  only  to  the  fact  that  the  variations  which  are 
introduced  are  relatively  small, 

II.  THE  POTASSIUM  ION. 

The  effects  of  this  consist  in  a  depression  of  the  central  nervous 
system  and  of  all  kinds  of  muscle. 

The  central  nervous  system  is  paralyzed  in  its  whole  extent.  The 
reflexes  suffer,  then  the  medulla.  Depression  of  the  respiratory  cen- 
ter leads  to  asphyxial  convulsions. 

The  heart''  is  stimulated  by  small,  fatigued  by  medium,  and  paral- 
yzed by  large,  doses.  This  is  seen  even  in  the  nerve-free  heart  of 
the  chick's  embryo,  and  is  therefore  muscular.  In  mammals  it  develops 
sudden  sIowinK  and  JrreKuIarity,  and  then  stops,  usually  before  the 
respiration  (Fig.  91).  The  blood -pressure  remains  high  during  the 
convulsions,  on  account  of  the  latter   (for  if  falls  in  curarized  am- 

The  skeletal  muscles  are  weakened  and  lose  their  irritability.  Potas- 
sium in  this  way  counteracts  the  effects  of  veratrin  *  (Fig.  70.  page  325). 

The  symptoms  are  onl;^  seen  in  mammals  if  a  potassium  salt  is  in- 
jected directly  into  the  circulation;  they  are  very  small  if  the  salt  is 
introduced  hypodermically,   and  do  not  appear  at  all   if  it  is  taken  by 

'ExerciMl  63  and  74. 
•ExtrdK   45. 
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the  stomach  (except  when  it  produces  corrosion).  The  reason  lies 
in  the  very  rapid  excretion. 

The  blood  corpuscles  contain  a  considerable  amount  of  K,  so  much 
that  a  fatal  amount  would  be  liberated  by  the  dissolution  of  a  6fth 
of  the  corpuscles.  '(The  distribution  of  potassium  within  cells  has 
been  investigated  by  A.  B.  Macallum,  igos-) 

Potassium  is  also  in  part  responsible  for  the  toxicity  of  arine  and 
the  phenomena  of  uremia.  The  toxic  action  which  urine  possesses 
when  injected  intravenously  has  been  variously  attributed  to  the 
Icucomains,  to  toxins,  etc.,  and  at  one  titne  even  to  the  urea.  Various 
brilliant  theories  and  methods  of  diagnosis  were  built  upon  the  varia- 
tions in  this  toxicity.  It  has,  however,  been  shown  that  about  85% 
of  the  toxicity  of  the  urine  is  due  simply  to  its  potassium  sails.  The 
symptoms  are  also  precisely  those  of  the  latter.  What  causes  the 
other  15%  of  the  toxicity  is  at  the  present  not  known,  but  this  may 
be  connected  with  xanthin  products.  The  increase  of  toxicity  follow- 
ing muscular  exercise  favors  this  view. 

If  the  undiluted  urine  is  injected,  its  osmotic  pressure  also  contrjb- 


Fio.    91, — Cardiac    effect    of    potmlum,    LansBtidor) 
recovery  occur*  promptly  when  Locke's  aolutioa  ■*  readit 

utes  to  the  toxicity.  The  acidity,  volatile  products,  pigments,  and 
urea  have  no  effect.  It  is  quite  probable  that  the  urine  contains  true 
toxins  and  other  toxic  products  in  disease,  but  no  method  has  so  far 
been  devised  for  estimating  the  importance  of  these. 

The  conditions  are  still  more  complicated  in  uremia:  it  Is  very 
probable  that  the  retention  of  potassium  and  ammonium  salts  and  the 
increased  osmotic  pressure  of  the  blood  contribute  to  the  effects,  but 
there  seem  to  be  other  factors  which  are  not  understood.  It  is  con- 
ceivable that  an  internal  secretion  comes  into  play;  or  it  may  be  that 
the  renal  disease,  or  the  underlying  condition,  gives  rise  to  toxic 
products. 

Tberapeutic  Uses. —  The  cardiac  depressant  action  of  the  potassium 
ion  can  scarcely^  be  utilized  therapeutically,  as  it  is  not  obtained  by 
oral  administration.  The  potassium  salts  are  mainly  used  for  their 
anions  (i.  e.,  the  acetate,  bromid,  chlorate,  citrate,  nitrate,  etc.).  They 
are  contra  indicated  in  renal  insufhciency. 
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III.    XHE  LITHIUM  ION. 

The  action  of  this  cathion  resembles  potassium  quite  closely,  but  it  is 
somewhat  less  toxic  to  the  heart,  aud  causes  a  vagus  stimulation.  These 
effects  are  only  seen  on  intravenous  injection.  A  most  important  dif- 
ference from  potassium  consists  in  a  specific  gaslro-enterilis  which  is 
produced  even  when  the  salts  are  given  subcutaneously,  or  if  the  ad- 
ministration of  small  doses  is  continued  for  some  time  (1  Gm,  of  the 
carbonate  in  man).  The  action  is  local,  the  lithium  being  largely  ex- 
creted by  this  channel.  It  is  also  excreted  by  the  kidneys,  but  does 
not  cause  nephritis  (Krumhoff,  1884:  Good,  1903).  Lithium  was  for 
some  time  used  in  therapeutics  as  a  solvent  for  uric  acid,  in  gout,  and 
lithiasis.  The  solution  is  due  to  the  comparatively  ^eat  solubility  of 
lithium  urate.  It  has  been  shown,  however,  that  this  is  true  only  in 
strong  solutions,  and  does  not  exist  in  those  which  can  be  used  in  the 
body.  The  diuretic  action  of  Li  is  no  greater  than  with  Na.  The 
employment  of  lithium  is  therefor  quite  irratiotial,  and  in  larger  doses, 
dangerous. 

MATERIA  MEDICA. 

Lilfui  Carbonas  (U.S.  P..  B.  P,).- 
water:  Dose:  o.i3  to  0.6  Gm.  (2  I 
U.S.  P.). 

Lithii  Cilras    (XJ.  S.  P.,   B.  P.).— IJ.GH.O,.      Soluble   in   2   parts  of 
water.    Dose     0.3  to    i.o  Gm.    (5  to    15  grs.)    (0.5   Qm.=-y'/i   grs.,    . 
U.  S.  P.). 

Lithii  CilTos  E/feniescens  (U.  S.  P.,  B.  P.).— 5%.  Completely  solu- 
ble in  water.    Dose:  4  to  8  Gm.  (i  to  2  drachms)  (8  Gtn.^23). 

These  lithium  salts  are  insoluble  in  alcohol, 

IV.    RUBIDIUM  AND  CAESIUM. 

These  also  resemble  potassium.  Rubidium  iodid  and  bromid  have 
been  introduced  into  therapeutics,  as  il  is  claimed  that  they  produce 
less  iodism  and  bromism,  although  they  are  quite  as  soluble,  and  even 
more  diffusible  than  the  corresponding  K.  salts.  The  doses  are  the 
same  as  those  of  the  potassium  salts, 

V.  AMMONIUM  ION. 

The  ion  action  appears  in  the  ammonium  salts.  The  hydrate  (am- 
monia) has  an  almost  pure  alkali  action,  and  will  be  studied  later. 
The  ion  action  also  appears  in  the  organic  ammonium  bases  —  the 
amids  and  amins  —  in  which  the  H  of  NH.  has  been  replaced  by  or- 
ganic radicles. 

I.  Action*. —  (A)  Peripheral  Nerve  Endings. —  It  will  be  remem- 
bered that  the  ammonium  bases  were  discussed  with  the  musearin 
group,  with  which  they  shared  the  stimulation  of  the  cardiac  vagus 
enditigs  and  a  curare  action  on  striped  muscles.  These  peripheral  ac- 
tions are  much  less  conspicuous  with  the  inorganic  ammoniums,  the 
stimulation  of  the  centra!  nervous  system  being  much  more  prominent 
with  (he  latter, 

<B>   In  mammals,  ammonium  salts  produce  little  effect  wben  taken 

•  Not  official, 

Studjr  Uateria  Meilica  LeMOn  43. 
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ij  mouth.  If  they  are  injected  tHlravenously'  they  produce  a  pro- 
nounced stimulation  of  the  medulla  and  spinal  cord,  followed  in  larger 
(Jose  by  depression  of  these  centers.  -  The  brain  :s  rather  depressed 
fTom  the  start,  so  that  the  animals  become  somnolent.  The  vasomotor, 
respiratory  and  vagus  centers  are  stimulated,  and  the  blood -pressure 
is  characterized  by  exaggeration  of  the  respiratory  waves  (Fig.  92). 
The  pulse  is  usually  slowed,  but  may  be  quickened  by  the  convulsions. 
Large  doses  depress  the  vasomotor-eenter  and  cardiac  muscle. 

Tetanus  or  convulsions  appear  rather  late.  Their  seat  is 
mainly  in  the  spinal  cord,  and  they  resemble  strychnin 
spasms  to  a  very  great  extent.    There  is,  however,  coma. 

(C)  The  ammonium  ion  has  a  very  marked  action  in  in- 
creasing the  secretions,  especially  saliva,  mucus,  and  sweat. 
The  diaphoretic  action  is  entirely  central.  The  action  upon 
saliva  and  mucus,  however,  is  brought  about  by  a  number 


Fio.  91. —  AmmoniiuB  chlorid,  intnTcnmu.     Carotid  prcnurc  tradng,  dog. 

of  factors :  ( i )  By  a  reHex  stimulation  from  mucous  mem- 
branes due  to  a  salt  action,  which  is  very  large  in  the  case 
of  ammonium  salts,  as  they  penetrate  very  easily;  or,  in  the 
case  of  ammonia  water  and  ammonium  carbonate,  this  is 
brought  about  by  the  alkaline  caustic  action.  (2)  Direct 
stimulation  of  the  secreting  centers.  (3)  Local  salt  action 
upon  the  secretory  cells  themselves.  This  is  especially  large 
since  the  ammonia  salts  are  excreted  largely  into  the  mouth 
by  the  saliva,  as  also  by  the  mucus,^  mainly  in  the  form  of 
carbonate.  In  this  way  the  local  action  is  exerted  twice, 
when  the  salt  is  applied  and  when  it  is  excreted.  (4)  This 
excretion  in  the  form  of  carbonate  also  tends  to  liquefy  the 
mucus  on  account  of  the  alkaline  action. 
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The  methyl  ammoniums  formed  by  the  substitution  of  the  H  atoms 
by  CHt  have  aaions  closely  resembling  the  above,  differing  mainly  in 
a  lesser  action  on  the  fardiac  muscle   (Formanek,   igoo). 

2.  The  toxioolopy  of  ammonia  is  really  limited  to  ammo- 
nia water  and  ammonium  carbonate,  and  these  act  not  by 
their  ion  or  salt  action,  but  by  their  caustic  alkaline  action 
(Chap.  XXVIII,  A). 

The  ion  action  of  other  ammonium  salts  has  no  toxico- 
logic importance,  since  they,  like  potassium,  are  absorbed 
too  slowly  and  excreted  too  rapidly  for  the  ion  action  to 
come  into  play  at  all.  Further,  the  greater  part  of  the 
ammonium  ion  is  not  excreted  as  such,  but  is  rapidly  con- 
verted into  urea,  according  to  the  formula : 

NH«  NH,    H.O 

CO,  =  CO  +        . 

NH4  NH,    H,0 

Two  molecules  of  water  are  split  off  from  the  ammonium 
carbonate  and  urea  remains.  This  liberates  the  acid  ion 
with  which  the  NH4  was  combined :  this  will  seize  upon  the 
free  fixed  alkali  of  the  body,  and  lead  to  a  diminished 
alkalinity  of  the  serum.  In  this  way  any  excess  of  ammo- 
nium introduced  into  the  body  is  very  soon  eliminated,  or  at 
least  ceases  to  act  as  ammonium. 

It  has  been  suggested,  but  without  binding  proof,  that  when  the 
transformation  of  ammonia  into  urea  is  interfered  with,  an  autointox- 
ication may  arise,  with  symptoms  analogous  to  those  produced  by  am- 
monium compounds.  Some  ammonia  compound  is  probably  a  normal 
forerunner  of  urea.  What  this  compound  is,  does  not  appear  very 
plain,  but  one  which  has  been  suggested  is  ammonium  carbaminate. 
The  spIitting-oiT  of  the  HiO  from  this  yields  urea : 

NH,  NH, 

CO  —  H,0  =  CO  < 

0(NH,)  NH, 

This  transformation  takes  place  to  the  largest  extent  in  the  Iiv«r  as 
the  result  of  the  action  of  a  ferment  When  this  organ  does  not  func- 
tionate properly,  the  dehydration  may  not  take  place,  and  if  there  is 
an  addition  of  HiO  instead,  ammonium  carbonate  results.  This  may 
give  rise  to  at  least  some  of  the  symptoms  which  are  noticed  in  cases 
of  disease  of  the  liver.  The  symptoms  of  uremia  also  resemble  those 
of  ammonium-poisoning.  However,  the  ammonia  is  not  increased  in 
the  blood,  in  either  uremia  or  in  acute  yellow  atrophy  of  the  liver,  but 
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3,  nierapentic  Umi. —  The  properties  which  have  a  thera- 
peutic importance  are  the  stimulating  effect  upon  the  central 
nervous  system  and  the  local  action  upon  secretion.  The 
stimulating  effect  upon  the  central  nervous  system  may  con- 
ceivably be  a  direct  one,  but,  as  has  been  pointed  out,  this 
must  be  very  slight,  for  the  ion  does  not  remain  in  the  body 
a  sufficient  length  of  time  to  exert  any  marked  action.  To 
attempt  to  modify  the  effect  of  an  acid  by  giving  it  as  an 
ammonium  salt  is  scarcely  scientific ;  for  besides  the  quick 
excretion,  the  amount  which  could  be  given  in  this  way  is 
too  small  to  have  any  influence. 

Ammonia  water  and  the  carbonate  have,  however,  a  very 
marked  stimulating  effect  upon  the  central  nervous  system, 
but  this  is  reflex-  and  is  dependent  only  upon  the  local  caus- 
tic action,  enhanced  by  their  volatility.  This  reflex  stimu- 
lation—  which  is  shown  mainly  on  the  medulla  —  can  be 
produced  by  other  means,  but  the  inhalation  of  ammonia  is 
one  of  the  most  efficient.  The  aromatic  spirits  of  ammonia 
—  15  to  30  drops  to  the  tumbler  of  water —  is  one  of  the 
best  ways  of  producing  these  effects.  In  the  form  of  smell- 
ing salts  it  is  frequently  used  in  fainting  and  in  shock. 

The  stimulation  of  the  respiratory  center  is  useful  in 
cough,  asthma,  edema  of  the  lungs,  pneumonia,  or  any  case 
where  the  respiration  is  interfered  with.  The  stimulation 
of  the  sweat  center  is  useful  as  a  diaphoretic  measure,  in 
colds,  fever,  etc.  (see  p.  282).  For  this  purpose  the  Liquor 
Ammonii  Acetatis  is  employed;  this  is  probably  absorbed 
somewhat  more  readily  than  other  ammonium  salts,  so  that 
there  is  perhaps  some  direct  stimulation  of  the  central  nerv- 
ous system. 

The  local  "  expectorant "  action  and  the  increased  secre- 
tion of  mucus  have  already  been  discussed  and  the  manner 
in  which  this  is  produced  pointed  out;  that  is  to  say,  by 
reflex  irritation,  possibly  some  direct  stimulation  of  the 
central  nervous  system,  by  the  salt  action,  and  the  excretion 
of  ammonia  in  the  form  of  ammonium  carbonate.  These 
probably  suffice  to  explain  the  almost  specific  action  upon 
the  secretion  of  mucus.  This  is  increased  in  amount  and 
rendered  thinner  and  less  tenacious.  When  it  is  desired 
to  affect  the  secretions  low  down  in  the  trachea  and  bron- 
chioles, the  ammonium  is  very  frequently  administered  in 
the  form  of  inhalation  of  ammonium  chlorid,  produced 
in  a  finely  divided  state  by  bringing  together  the  vapors  of 
1—36 
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ammonia  and  hydrochloric  acid.     This  can  be  inhaled  to 
the  finer  divisions  of  the  bronchi. 

The  somewhat  stronger  salt  action  of  concentrated  solu- 
tions of  ammonium  salts,  leading  to  gastric  irritation  and 
vomiting,  has  been  discussed  with  the  emetics. 

Ammonium  chlorid  has  also  been  recommended  as  a  specific  in  trop- 
ical dysentery.  The  number  of  observations  upon  its  use  is  hardly 
sufficient  to  make  a  final  decision  as  to  its  value.  This  could  only  be 
explained  by  a  specific  toxic  action  on  ihe  amoeba  coli. 

4.  Hateria  Hedioa  ot  Ammoniam  Salts. 

Ammonii  Carbonas  (U,  S.  P.,  ^.P.)— (.Hartshorn,  Baker's  Ammo- 
nia, Sal  fo/a/i/e,)  — NH.HCO..NH,.NH,CO,.  Soluble  in  4  parts 
water.  Dose:  0.13  to  i.o  Gm.  (2  to  15  grains),  largely  diluted  (0.25 
Gm.  =  4  grs.,  U.S.  P.). 

Spirilus  Ammonia  Aromalicus  (U.  S.  P.,  B.  P.). — (Aromatic  Ammo- 

Ammon.  Carb 3.4 1   ^      .     ,    m    .    ,  c     i'A    to    t 

.  ^r=c"Sr *n  ^>-4  42""lr^*\o"«'r 

Alcohol   70.0]      fr^^^T-     *  '^     ^"' 

Water  to   loo.oj       U.b.F,). 

Ammonii  Chloridum  (U.S.  P.,  B.P.).—  (Sal  Ammoniac.)— Hli,Cl. 
Soluble  in  3  parts  water.  50  alcohol.  Dose:  ao6  to  2  Gm.  (1  to  m 
grains)  (0.5  Gm.  =  7!4  grs.,  U.  S.  P.).    Best  given  in  the  form  of: 


Soluble  in  3  parts  water.  50  alcohol.  Dose:  ao6  to  2  Gm.  (1 
■ains)  (0.5  Gm.  =  7!4  grs.,  U.  S.  P.).  Best  given  in  the  form  1 
Trochisci  Ammonii  Chloridi  (U.  S.  P.). —  Each  O.I  Gm.  {lYi  grains). 


LigHOr  Ammonii  Acelatii  (U.  S.  P.,  B,  P.).—  (Spiriluj  Mindereri.) 
Made  when  required  by  neutralizing  Ammonium  Carbonate  with 
Acetic  Acid.  Dose:  2  to  30  c.c.  (Va  to  8  drachms)  (diaphoretic)  (iti 
c.c.  =  43.,  U.S.F.). 

VI.  CALCIUM. 

The  action  ot  calcium  is  directly  depressant  to  alt  tissues  and 
functions.  When  it  is  injected  intravenously,  it  paralyzes  the  central 
nervous  system,  lowers  the  blood  pressure,  arrests  diuresis  and 
peristalsis,  etc.  This  action,  although  very  deleterious  when  excessive, 
seems  to  be  the  function  of  the  calcium-ion  in  Ihe  body ;  for  its  re- 
moval (by  oxalates,  fluorid."!,  or  citrates)  leads  to  strong  stimulation 
and  to  death  (Sahbatani,  1901  and  1902).  This  indicates  the  vital 
necessity  of  calcium  action.  Indeed,  only  a.'  few  of  the  lower  fungi 
are  able  to  live  without  it.  It  is  also  essential  to  the  action  of  a 
number  of  ferments  (rennet,  fibrin  ferment),  but  not  to  some  others 
(pepsin). 

In  animals  with  a  calcareous  skeleton,  calcium  has  another  im- 
portant function  in  bone  formation, 

A  more  gradual  withdrawal  of  calcium  from  the  body,  by 
withholding  it  from  the  food,  leads  in  animals  to  effects 
which  closely  simulate  those  of  rickets  and  osteomalacia. 
There  is,  however,  some  difference:    In  calcium  starvation. 
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but  little  bone  is  formed,  yet  this  contains  the  normal 
amount  of  calcium.  In  rachitis,  the  amount  of  bone  is  even 
excessive,  but  it  is  very  poor  in  Ca.  This  paucity  of  cal- 
cium suggested  its  administration,  particularly  as  calcium 
phosphate,  in  the  treatment  of  these  diseases.  The  results 
have  been  disappointing,  as  might  have  been  deduced  from 
theoretic  considerations.  The  condition  is  somewhat  simi- 
lar to  that  existing  in  chlorosis,  for  except  in  the  experi- 
mental disease,  the  cause  of  the  disorder  is  never  to  be  found 
in  insufficient  supply  of  calcium  (or  iron)  salts,  since  the 
amount  of  these  in  the  food  is  always  more  than  enough  to 
supply  the  demands  of  the  organism.  The  real  cause  must 
be  sought  in  the  abnormal  absorption  or  utilization  of  these 
ions. 

The  essential  nature  oC  this  abnormal  process  is  not  at  present  known. 
In  diseases  in  which  there  is  an  abnormal  formation  of  acid  in  the 
blood  —  t.  g,,  diabetes  —  the  excretion  of  calcium  and  magnesium  is 
increased,  but  no  such  diminished  alkalinity  exists  in  rickets.  Even 
if  we  assume  the  cause  to  be  a  deficient  absorption,  this  could  not 
be  remedied  by  additional  introduction  of  calcium,  for  it  is  of  course 
extremely  unlikely  that  calcium  would  be  more  easily  absorbed  from 
such  inorganic  salts  as  phosphates,  than  in  the  form  in  which  it  exists 
in  the  food. 

Calcium  phosphate  has  been  recommended  in  diabeies  mellitas,  but 
has  no  effect,  even  in  the  mildest  cases  (Bruning.  1898).  However, 
the  injection  of  calcium  salts  arrests  the  glycosuria  and  polyuria  in- 
duced by  saline  injection. 

The  use  of  calcium  for  increasing  the  coagulability  of  the  blood 
was  discussed  in  Chapter  XXIII,  A. 

The  depressant  action  of  calcium  suggests  its  use  in  strychnin  poison- 
ing, but  Fischer  (1904)  found  it  ineffective.  Zanda  (1902)  obtained 
better  results  by  jural  injection ;  but  the  effective  dose  was  so  large 
as  to  be  itself  dangerous.  Deltjen  (1904)  has  observed  that  small 
traces  of  calcium,  strontium,  barium,  and  magnesium  lessen  the  sol- 
vent action  of  distilled  water  on  cells. 

The  depressant  actions  of  calcium  are  not  obseiTed  when 
its  salts  are  taken  by  the  mouth,  since  these  cannot  be  ab- 
sorbed in  sufficient  amount.  The  small  quantities  which 
enter  the  body  are  excreted  mainly  through  the  intestine, 
in  part  also  through  the  urine.     This  then  becomes  alkaline. 

The  therapeutic  uses  of  calcium  are  practically  confined 
to  its  hemostatic  effect  (see  index).  Calcium  salts  are  fre- 
quently employed  for  their  anions ;  the  carbonate  and  phos- 
phate act  as  mild  alkalies. 
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MATERIA  MEDICA. 
Caldum  Cvbonate   (Chalk) .— dCO,.    Insoluble  in  water.    Dote: 


Caicii 


'i  Carbonai  Pracifitaius  (U.S.  P.,  B.  P.)  and 
Creta    Praparata    (U,S-P.,    B,  P.).— Prepared    or   Drop   Chalk.— 
Chalk  freed  from  its  coarser  impurities  by  elutriation. 
Used  in  the  preparation  of: 

Ptilvit  Creta  Composittu   (U.  S.  P.). —  Chalk,  acacia,  and  sugar. 
Dose:  2  Gni.^30  grs.   (U.S. P.). 

Pulvis  Creta  Aromaticus  (B.  P.).—  Contains  carminatives.  Dose: 
I  to  4  Gm.   ds  to  60  grs.). 

Pulvis  Creta  Aromaticus  cum   Opio    (B,  P.).— Contains   2^4% 
of  opium.     Dose:  0.5  to  2.5  Gm.   (7J^  to  40  grs.). 

Mtstura   Creta    (U.  S.  P.). —  20%    of   compound   chalk   powder, 

with  Cinnamon  Water.    Dose:  16  c.  c.  =  45  (U.S.  P.). 

Liquor    Caicis    (U.S. P.). —  Lime    IValer.—  M^de    by    slaking    lime 

{Calx.  V.  S.  P„  B.  P.).  washing  the  slaked  hme  (Caleii  Hydras.  B.  P.). 

and  saturating  Distilled  Water  with  the  product.    Contains  about  0.14% 

Ca{OH)t     Dose:   4  to  30  c,c.    (t   to  83.)    (16  c.c.=43..  U.S.?.). 

Syruptts  Calcis  (U.S.  P.)  [Liquor  Calcis  Saccharatus.  B.  P.].— A 
stronger  solution  of  lime  in  syrup.  Dose:  1.0  to  4.0  c.c,  {15  to  60  m,.) 
<3C.c..  =  30  in,-.  U.S.P.). 

Caicii  Phosphas  Pracipitatus  (U.S.P.)  [Caicii  Phosphas,  B..P.].— 
Cai(POi)i.     Almost  insoluble.     Dose:  as  for  the  carbonate, 

Syrupus    Caicii    Lactopkosphatis     (U,  S,  P.,    B,  P.).— Calcium    car- 
bonate, dissolved  by  a  mixture  of  lactic  and  phosphoric  acids,  in  a 
flavored     by     Orange     Flower     Water,     Dose:     8     c.  c.  =  2  3. 


75"i.. 


Caicii  Chloridum  (U.S.P..  'B.'P.').— Chloride  of  Calcium  (Not  to 
be  confused  with  Chlorinated  Lime!). —  CaCli,  fused.  Highly  hygro- 
scopic. Dose:  0,3  to  i,a  Gm.  (5  to  20  grs.)  (0.5  Gm.  =  7j4  grs,, 
U.  S,  P.). 

Vri.  STRONTIUM. 

Strontium  resembles  barium  in  its  actions,  as  also  chemically.  It 
stands,  however,  far  behind  in  toxicity,  being  even  less  toxic  than  Ca, 
Like  Ca,  it  hastens  the  coagulation  of  blood,  although  it  is  much 
weaker.  This  action  is  not  shared  by  Ba  or  Mg.  In  dilute  solu- 
tions only  VKTy  small  amounts  are  absorbed  from  the  stomach;  none 
from  the  intestine,  since  it  is  converted  into  phosphates,  in  which  form 
it  is  also  generally  deposited  in  the  bones.  The  urine  contains  only 
traces  of  strontium,  even  if  it  is  given  subcutaneously ;  the  excretion 
xxurrin^  mainly  by  the  intestine   (Wood,  1898). 

Strontium  possesses  no  therapeutic  indication.  It  may  be  useful  to 
moderate  the  action  of  anions,  since  its  salts  must  be  decomposed 
before  the  anions  can  be  absorbed. 

Strontium  bromid,  iodid.  and  salicylate  are  official, 

'Sirontii  Lactas. —  Soluble  in  4  parts  water.  Dose:  t  to  8  Gm.  {J4 
to  2  drachms). 

VIII.  BARIUM. 


1  the  cardiac  muscle:  a  strong  vasoconstric- 
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tion  by  direct  stimulation  of  the  arterial  muscle  (occurring  therefor 
after  apocodein,  Dixon,  1903) ;  strong  stimulation  of  peristalsis,  even 
on  intravenous  injection  (Exercise  67);  and  a  stimulation  and  later 
paralysis  of  the  central  nervous  system.  It  also  produces  local  irrita- 
tion, and  is  inimical  Co  the  lower  forms  of  life,  such  as  yeast  cells. 

These  actions  are  not  utilized  therapeutically  (except  in  veterinary 
practice)  on  account  of  the  toxicity.  The  excretion  of  barium  occurs 
largely  by  the  feces,  as  with  Ca  and  Sr. 

Its  local  actian  results  in  gastro-enleritis  and  some  degree  of  cor- 
rosion, and  fairly  large  absorption.  It  may,  therefore,  produce  its 
•yatemic  actions  even  when  given  by  the  mouth.  The  most  con- 
picuous  of  these  are  upon  the  circulation:  a  slowing  of  the  heart 
.digitalis  action),  and  a  rise  (rf  blood-pressure  (constriction  of  ar- 
terioles). The  pulse  is,  therefore,  small,  hard,  and  slow.  Large  doses 
paralyze  the  cardiac  muscle. 

When  given  in  very  dilute  solutions  the  amount  absorbed  is  very 
small,  and  is  then  deposited  in  the  bones.  The  fatal  dose  of  barium 
salts  is  given  as  3  to  15  grains.  The  chemic  antidotes  are  sulphates 
(Glaubers  salt),  which  act  by  forming  the  insoluble  barium  sulphate. 

IX.  MAGNESIUM. 

(The  therapeutic  importance  of  the  Mg  ion  is  confined  to  its  cathar- 
tic action  (see  page  5+4).  If  il  is  given  by  the  alimentary  canal,  very 
little  is  absorbed  and  it  has  no  further  effects.  It  is,  however,  an 
essential  constituent  of  protoplasm,  being  necessary  especially  to  the 
extranuclear  portion  of  the  cells.  If  it  is  injected  directly  into  the 
circulation  it  produces  effects  which  resemble  those  of  potassium, 
especially  a  prompt  paralysis  of  the  heart.  If  this  is  not  acutely  fatal, 
complete  recovery  occurs  very  quickly. 

The  administration  of  soluble  magnesium  salts  increases  the  elimina- 
tion of  calcium,  and  thus  lessens  the  calcium  deposition  in  young  ani- 
mals  (Malcolm,  1905)- 

X.  BROMIDS. 

TTie  experimental  data  in  regard  to  this  ion  are  as  yet  very  un- 
satisfactory. The  doses  which  can  be  introduced  do  not  produce  any 
decisive  phenomena  in  animals.  The  most  conspicuous  effects  are 
observed  in  epilepsy.  But  here  the  KBr  is  far  more  efficient  than 
NaBr;  and  since  other  K  salts  also  exert  a  similar  action,  some  au- 
thors have  regarded  the  Br  ion  as  entirely  inactive.  This  does  not  do 
justice  to  the  evidence^ for  these  other  K  salts  are  much  less  efficient 
than  the  bromtd,  and  NaBr  is  also  effective.  The  K  aids,  however, 
and  KBt  is  always  prefeired. 

In  any  case  the  action  of  the  Br  ion  is  small,  and  con- 
sists in  a  depression,  rather  than  in  abolition,  of  function. 
The  action  is  studied  in  much  the  best  manner  in  man, 
because  slight  changes  in  the  central  nervous  system  are 
extremely  difficult  to  obsen/e  in  animals.  In  man  it  leads 
to  depression  of  mental  activity  in  general,  but  certain  kinds 
are  much  more  readily  influenced  than  others.  These  dif- 
ferences have  not  been  sufficiently  studied.  The  defect 
seems  to  be  in  appreciation  rather  than  in  perception;  just 
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as  in  the  case  of  morphin,  it  seems  that  the  stimuli  reach 
the  brain,  but  are  not  appreciated  in  the  ordinary  manner. 
But  the  power  of  observation  and  attention  are  not  inter- 
fered with  in  moderate  doses.  In  the  case  of  reflexes  it 
seems  to  be  the  connecting  link  between  the  central  cells 
which  suffers,  so  that  the  main  effect  is  not  upon  the  pri- 
mary reflex,  but  upon  other  reflexes  which  may  arise  from 
this.  So  also  a  stimulation  of  the  motor  areas  which,  under 
the  conditions  of  the  experiment,  gives  rise  to  general  epi- 
leptiform convulsions,  will,  after  the  administration  of  a 
bromid,  be  confined  to  the  area  directly  stimulated.  If  a 
bromid  is  administered  to  animals  under  strychnin,  the 
effect  of  stimulation  does  not  have  much  tendency  to  spread, 
whilst  the  primary  reflex,  say  the  patellar,  will  still  be  ex- 
aggerated. Although  the  main  interference  is  with  the 
spreading  of  the  impulse  to  other  parts,  the  direct  reHexes 
are  also  diminished.  This  was  utilized  before  the  days  of 
local  anesthetics,  for  instance,  in  the  examination  of  the 
throat. 

Large  doses  of  potassium  bromid  may  have  an  action 
upon  the  heart,  depending  entirely  upon  the  potassium  ion. 

2.  If  the  administration  of  bromids  is  continued  for  a 
considerable  length  of  time,  there  results  a  series  of  symp- 
toms grouped  under  the  name  "  bromiBm."  These  depend 
on  a  local  irritant  action,  which  finds  expression  in  gastritis, 
in  acne,  in  coryza,  etc.  It  is  due  partly  to  the  salt  action 
of  the  bromin  salt,  also  probably  in  part  to  a  decomposition 
of  the  bromid.  with  liberation  of  bromic  acid  and  bromin, 
by  the  free  acids  existing  in  these  situations :  in  the  stomach, 
hydrochloric  acid;  in  the  mouth,  large  quantities  of  car- 
bonic acid ;  in  the  skin,  especially  the  acid  secretions  of 
the  sebaceous  glands.  It  is  favored  by  insufficiency  of  the 
kidney.     It  is  more  easily  produced  in  old  age. 

3.  The  excretion  of  the  bromid  begins  very  quickly,  but 
lasts  for  a  very  long  time,  traces  appearing  in  the  urine  for 
over  sixty-five  days.  The  main  amount  is  found  in  the 
blood,  and  next  to  this  in  the  brain  and  kidneys ;  the  liver, 
bile,  and  spleen  are  free  from  it.  This  slow  excretion  lends 
support  to  the  theory  that  the  bromin  enters  into  combina- 
tions in  the  body,  and  it  is  very  likely  that  it  may  to  some 
extent  take  the  place  of  the  chlorin  in  its  protoplasmic  com- 
pounds.    The    excretion    of    chlorids    is    increased.     The 
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administration  of  NaC!  quickens  the  excretion  of  the  Br, 
and  lessens  the  symptoms  of  bromism,  but  also  the  other 
effects. 

If  the  same  dose  of  bromid  is  taken  daily,  a  condition  of  equillibrium 
becomes  established  in  about  two  or  three  weeks,  so  that  as  much  is 
excreted  as  is  taken  in;  this  is  disturbed  whenever  the  dosage  is  al- 
tered.   Chlorids  and  iodids  behave  in  the  same  manner. 

The  phosphates  of  the  urine  are  somewhat  diminished,  the  N  in- 
:reased,  but  the  metabolic  action  is  not  large  (Chittenden,  1884). 

The  bromid  action  can  only  be  obtained  from  fairly  large 
doses,  is  always  rather  small,  and  is  not  usually  seen  until 
the  administration  has  been  continued  for  some  time. 

No  effect  can  be  expected  from  the  bromin  in  salts  which  are  used 
in  small  doses  —  e.  g.,  bromid  of  quinin,  of  arsenic,  etc.  In  these  it 
can  only  be  useful  by  influencing  the  solubility  or  dissociability  of  the 
compound. 

The  effects  of  the  continued  administration  of  bromids 
consist  in  an  exaggeration  of  the  effects  observed  after  a 
single  dose.  There  is  dullness,  bad  memory,  sometimes 
aphasia ;  and,  in  general,  lowered  activity  of  the  central 
nervous  system.  Partly  on  account  of  this,  partly  on  ac- 
count of  the  gastritis  and  general  irritant  action,  there  is  a 
lowered  resistance  on  the  part  of  the  patient.  All  these 
symptoms  seem  to  disappear  quite  quickly  on  the  with- 
drawal of  the  drug,  persisting  only  a  little  longer  than  the 
bromin  remains  in  the  body. 

4.  Therapentica. —  Bromids  are  used  mainly  against 
epilepsy.  They  were  introduced  for  this  purpose  in  1853. 
They  do  not  seem  to  be  efficient  in  all  cases,  probably  be- 
cause epilepsy  has  different  causes.  The  successful  cases 
amount  to  something  like  90%  in  idiopathic  epilepsy.' 
Large  doses  must  be  employed  and  continued  for  some 
time.  The  potassium  bromid  is  the  more  efficient  salt.  On 
the  other  hand,  the  calcium  or  strontium  bromids  are  less 
irritant  to  the  stomach,  since  they  must  be  decomposed  be- 
fore being  absorbed,  and  the  bromid  ion  is  therefore  liber- 
ated more  slowly.  The  attacks  of  epilepsy  usually  return 
as  soon  as  the  remedy  is  removed.    In  some  few  cases,  how- 
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ever,  a  permanent  effect  seems  to  have  been  obtained.  It 
is  possible  that  this  cure  was  not  due  to  the  bromin,  but 
was  spontaneous.' 

It  has  also  been  attempted  to  employ  bromid  against 
other  diseases  which  rest  upon  a  heightened  irritability  of 
the  central  nervous  system  —  for  instance,  chorea  and  tet- 
anus. The  results  have  been  variable;  sometimes  it  has 
been  efficient,  and  at  other  times  not.  It  is  useful,  however, 
in  all  cases  of  overaction  of  the  brain  —  worry,  etc. —  and 
all  the  conditions  which  arise  from  these  —  e.  g.,  insomnia 
and  nervousness.  It  is  of  no  value  in  pain.  The  depression 
which  it  produces  is  rather  lasting,  so  that  it  is  not  indicated 
as  an  ordinary  hypnotic.  It  is  useful  in  all  cases  where 
there  is  an  exaggeration  of  reflexes,  such,  for  instance,  as 
some  cases  of  cough ;  in  incontinence  of  urine  if  this  results 
from  overaction  of  the  detrusor  center.  It  may  be  useful  in 
reflex  vomiting.  It  has  been  recommended  in  both  seasick- 
ness and  pregnancy;  the  results  have  been  variable.  It  is 
useful  in  pertussis  (i  Gm.  per  day  for  a  child  one  year  old). 
Large  doses  are  often  curative  in  acute  mania  —  as  much 
as  loo  Gm.  may  be  given,  distributed  over  three  days. 

As  to  the  manner  of  administration,  the  bromids  should 
always  be  largely  diluted,  and  are  best  flavored  with  pep- 
permint or  wintergreen. 

It  is  claimed  by  some  clinicians  that  the  sodium  and  ammonium 
bromids,  or  mixtures  of  several  bromids,  are  better  tolerated  by  the 
stomach.  Erienmeyer  recommends  the  proportion  KBr  :  NaBr  : 
NH.Br  as  a:2  :i. 

5.  Materia  Medica.— The  bromids  are  readily  soluble  in  water. 
fairly  soluble  in  alcohol.  They  are  given  in  doset  of  0.3  to  4.  Gm,  (s 
to  60  grs.)  ;  for  children,  about  0.05  Gm.  (i  gr)  per  year.  Bromids 
are  incompatible  with  strychnin. 

One  part  is  soluble  in  water:  alcohol: 

Ammonii  Bromidum    (XJ.  S.  P.).— NHiBr 1.2  12.5 

Calcii   Bromidum    (U.  S.  P.).—  CaBr, 0,5  I. 

Lilhii   Bromidum    (U.  S.  P.).— LiBr 0.6  very  sol. 

Potassii   Bromidum    (U.  S.  P.,   B.  P.).— KBr 1.5  180. 

Sodii  Bromidum    (U.  S.  P.,   B.P,),— NaBr 1.7  12.5 

Strontii   Bromidum    (U.  S.  P.).— SrBr,  +  6HiO. ..   I.O  readily  sol. 

Zinci  Bromidum    (U-S-P.). —  ZnBri readily   sol.  readily  sol. 

Dose:  0.125  Gm.  ^2  grs. 

'The  trcalmcnt  of  Epilcpay:  Beiid«  the  bromidl,  tfac  follawing  drugs  bavc 
been  uaed  empirletlly:     Opinni.  Valerian,  BelUdonnm.  Zinc  Oiid,   Cfalord,   Adonia 


to  form  an  estimate  of  Iheir  value,  lince  eoilepav  ia  temoonrily  benefiled  by 
almost  any  placebo.  These  drun  can  only  be  recommended  when  biamids  have 
failed  or  are  for  any  reason  badly  borne.  No  treatment  will  be  sueceaaful  CTceM 
it  he  Joined  with  a  careful  regulation  of  diet  and  general  hygiene,  excesses  of  ill 

Tlie  inhalation  of  Amyl  Nitrite  i)  somelimea  useful  during  the  attack. 
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'Putins  PolassU  Bromidi  Effervenetu  (N.  F.). —  A  heaped  teaspoon- 
ful  contains  0.6  Gm.  (lO  grains). 

'  Putvii  Polaisii  Bromidi  Effervescens  cum  Calf  etna  (N.  F.). —  Con- 
tains, in  addition,  ao6  Gm.   (l  grain)   Caffein. 

*  Elixir  Potassii  Bromidi  (N.  F.).— 4  c.c.  (l  drachm)  ^0.6  Gm.  (lO 
grains)  KBr. 

Acidum  Hydrobromicum  Dilulum  (U,  S.  P.,  B.  P.).— 10%.  Dose: 
Stoic  c.c.  (I  to  21/^  drachms),  diluted  (4  c.c.  =  1  5,  U.  S.  P.). 

*  Bromipin,  a  combination  of  10%  of  bromin  and  oil  of  sesame,  is 
said  to  be  more  readily  absorbed,  to  be  less  irritant,  and  less  liable  to 
produce  bromism.    Dose:  4  to  15  c.c.  (i  to  3!^  draclims)  per  day. 

XI.  lODID  ION. 

Our  knowledge  of  the  actions  of  the  iodid  ion  is  derived 
from  clinical,  rather  than  from  experimental,  data. 

The  iodids  are  specific  in  tertiary  syphilis  and  its  sequels,^ 
They  also  afEect  chronic  rheumatism  and  asthma.  They 
lead  to  the  resolution  of  various  pathologic  formations, 
especially  those  involving  connective  tissue.  They  also  pro- 
duce obscure  changes  in  metabolism,  leading  to  marasmus 
and  cachexia.  The  excretion  of  N  is  increased,  but  it  oc- 
curs in  less  completely  oxidized  form.  The  same  is  true  of 
sulphur.    lodin  itself  has  a  very  similar  action. 

These  phenomena  can  all  be  reduced  to  alterations  in 
metabolism,  which,  as  usual,  influence  most  profoundly  the 
less  vigorous  and  less  stable  pathologic  connective  tissue 
formations, 

Iodids  on  intravenous  injection  exert  a  quite  characteristic  action 
on  the  cardiac  vagus  cndinKS.  paralyiing  them  after  the  manner  of 
atropin.  They  also  lower  the  excitability  of  the  depressor,  so  that 
stimulation  of  its  trunk  does  not  lower  the  pressure  in  the  normal 
manner.  In  the  frog,  they  cause  rigor  of  the  skeletal  muscle.  In  rab- 
bits they  produce  death  through  pulmonary  edema  with  pleural  effu- 
sions. The  latter  phenomena  are  probably  due  to  the  irritant  action 
of  liberated  iodin.  The  statements  rcRarding  central  actions  are  con- 
tradictory, and  probably  untrustworthy  (Barbera,  1900;  Jodlbauer, 
1902;  Heinz,  i8t*). 

I.  ExpiniMtion  of  Action.— No  complete  and  unassailable  ex- 
planation of  the  metabolic  elTecls  of  iodids  is  possible  with  our  present 
knowledge.  There  are,  however,  some  very  suggestive  facts:  The 
absence  of  any  circulatory  or  nervous  actions  shows  that  the  effects 
of  the  iodids  must  be  exerted  directly  on  the  cells.  It  is  easy  to  un- 
derstand that  the  salt  and  ion  actions  of  iodids  on  the  protoplasm 
must  be  very  large  and  profound:  The  iodid  ion  is  very  diffusible, 
and  penetrates  readily  into  most  cells.  It  is  an  absolutely  foreign  ion 
to  the  body.  The  potassium  ion,  in  combination  with  which  it  is  usu- 
ally administered,  is  also  practically  a  foreign  ion,  so  that  the  KI  is 
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especially  active.    On  the  other  hand,  the  ciast  relation 
ion  to  the  chlorid  ion  leadt  to  the  ready  displacement 

from  its  combinations,  as  is  shown  by  the  fact  that  tlie       

the  chlorids  is  greatly  increased.  This,  and  the  slow  excretion  of  the 
iodid  support  the  view  that  it  enters  into  loose  ian-compoiinds  with 
the  proteids,  and  it  is  very  reasonable  to  suppose  that  the  properties 
of  these  compounds  differ  from  those  of  the  corresponding  chlorid 
compounds.  Indeed.  Pauli  (1903)  has  shown  that  the  effects  of  iodids, 
and  the  alhed  sulfocyanids,  on  the  viscosity  of  colloids  is  especially 
large,  as  these  render  proteid  solutions  more  fluid. 

The  iodids  are  furthermore  very  readily  decomposed,  under  the 
conditions  of  the  body,  with  the  production  of  hydriodic  acid  and  free 
iodin.  These  may  enter  directly  into  the  proteid  molecules,  producing 
compounds  with  new  properties.  lodothyrin  is  the  most  important  of 
tiie  organic  iodin  compounds  in  mammals;  but  according  to  Justus 
( 1902)   organic  iodin  is  present  in  all  cell   nuclei. 

Bromids  or  sulfocyanids  cannot  replace  this  iodin;  nor  can  bromin 
be  found  in  the  thyroid  gland  when  bromids  have  been  administered. 

All  these  factors  are,  to  a  variable  degree,  concerned  in 
the  action  of  the  iodid  ion  on  metabolism ;  but  it  is  quite 
conceivable  that  other  factors,  which  are  not  at  present 
appreciated,  may  play  a  prominent  role. 

The  excretion  of  iodids  *  occurs  mainly  by  the  urine  and 
begins  very  early.  The  excretion  begins  within  ten  or 
twenty  minutes  and  reaches  its  maximum  in  two  hours; 
it  persists,  however,  for  a  considerable  time,  with  doses 
of  0.5  Gm.  for  40  hours,  with  larger  doses  for  20  days. 
The  excretion  can  be  hastened  by  administering  chlorid 
of  nitrates,  but  not  by  diuresis.  Considerable  iodid  is 
also  excreted  by  the  saliva  and  mucus  (tears,  stomach, 
cerebrospinal  Buids,  etc.),  but  is  mostly  reabsorbed.  Sweat 
contains  only  traces  (Kellermann,  1905). 

2.  lodiam. —  The  liberation  of  free  iodin  and  hydriodic 
acid,  which  are  both  strong  irritants,  may  give  rise  to  very 
unpleasant  side-eflfects  resembling  in  a  general  way  those 
which  were  described  as  bromism  —  gastritis,  various  skin 
diseases,  coryza,  increased  bronchial  secretion,  parotitis,  etc. 
The  iodids  are  very  weak  compounds  and  are  decomposed 
even  by  carbonic  acid  and  nitrites.  Since  these  are  most 
abundant  in  the  respiratory  organs,  these  show  a  pronounced 
local  action.  The  extent  of  the  local  manifestations  of 
iodism  varies  greatly  in  different  individuals,  or  in  the  same 
individual  at  different  times :  this  may  perhaps  be  explained 
by  a  different  degree  of  acidity.  Iodism  can  be  prevented 
very  largely  by  the  administration  of  alkalies  or  chlorids. 
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Some  clinical  observers  claim  that  large  doses  are  often 
better  borne  than  small ;  and  that  syphilitic  patients  are  less 
subject  to  iodism  than  others.  The  statements  need  con- 
firmation. 

4.  Tlientpentica. —  i.  Third  Stage  of  Syphilis:  The  con- 
tinued administration  of  iodids  in  this  stage  removes  all  the 
symptoms  in  a  specific  manner,  arrests  the  progress  of  the 
disorder,  and  repairs  the  existing  lesions. 

It  is  impossible  to  say  at  present  whether  the  iodids  exert 
a  specific  action  on  the  syphilis  organism,  if  such  exists, 
whether  their  effect  is  due  to  an  ion  action  on  metabolism, 
or  whether  it  is  simply  a  general  salt  action,  the  breaking 
down  of  pathologic  new-formation.  The  iodids  alone  seem 
to  have  no  action  in  the  first  and  second  stages  of  syphilis. 
But  in  the  latter  they  are  often  useful  in  combination  with 
mercury. 


It  makes  no  difTerence  m  this  case  whether  one  gives  1 

chlorid  and  potassium  iodid,  or  mercuric  iodid;  for  the  latter  will  be 
deosmposed   into  mercuric   chlorid,  and  its  iodin   will   form  sodium 

The  iodin  also  seems  to  aid  in  the  removal  of  mercury 
which  has  been  accumulated  in  the  body  during  the  first  and 
second  stages. 

It  seems  to  be  similarly  useful  in  the  removal  of  lead  in  chronic 
lead-poisoning.  It  acts,  perhaps,  by  stimulating  the  general  activity  of 
the  ceils,  but  the  subject  is  very  little  understood. 

a*  Its  action  in  chronic  rheumatism  presents  the  same 
problems,  and  it  cannot  be  decided  whether  it  acts  by  de- 
stroying the  organisms,  or  by  changing  their  products,  by 
removing  the  lesions,  or  by  altering  metabolism. 

3-  Similar  questions  arise  in  connection  with  its  benefits 
in  many  cases  of  asthma*  It  could  be  conceived  as  irri- 
tating the  mucous  membrane;  as  liquefying  the  mucus;  as 
altering  the  vascularity;  as  paralyzing  the  vagus  endings, 
etc.  These  factors  may  all  enter  into  its  action,  but  nothing 
can  be  definitely  affirmed, 

4-  Iodids  cause  a  reabsorption  of  hyperplastic  fibrous 
tissue,  and  will  therefore  reduce  chronic  inflammatory 
swellings.  They  may  cure  fibrous  goiters.  They  are  also 
of  pronounced  benefit  in  arteriosclerosis,  which  they  may 
cure  entirely  if  it  is  not  too  far  advanced.    They  do  this  t^ 
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causing  the  disappearance  of  the  increased  fibrous  tissue. 
Their  action  on  tuberculosis  and  chronic  pneumonias  is 
partly  referable  to  this.  They  are  also  recommended  in 
actinomycosis. 

5-  They  are  very  useful  as  expectorants,  through  their 
deep  and  lasting  salt  action,  and  by  liquefying  the  mucus. 
It  has  been  claimed  that  they  diminish  the  secretion  of 
milk,  but  the  statement  does  not  rest  on  secure  evidence. 

5.  Materia  Hedioa. —  The  lodids  should  be  administered 
in  gradually  increasing  dos^s,  in  such  a  way  as  to  cause  the 
minimum  gastric  derangement.  The  KI  produces  the  maxi- 
mum effect.  It  is  claimed  that  Srl^  causes  the  least  side- 
actions.     Their  dose  is  0.3  to  4  Gm,  (5  to  60  grains). 

In  syphilis,  the  treatment  may  be  started  with  1.5  Gm, 
three  times  a  day  (two  hours  after  meals) ;  increasing  the 
dose  by  0.3  Gm.  every  second  day.  lodids  are  readily  solu- 
ble in  water,  fairly  in  alcohol.  They  should  never  be  used 
ivith  calomel.  They  are  also  incompatible  with  strychnin. 
Salts  which  have  become  yellow  through  the  liberation  of 
iodin  should  not  be  dispensed. 

One  part  is  soluble  in  water:         alcohol: 

Ammonii   lodidum    (U.  S.  P.).— NH,.1 0.6  9. 

Potassiilodidum    (U.S.P.,  B,P.).— KI 0.7  ix 

Sodii  lodidum  (U.S.  P..  B,  P.).— Nal 0.5  3. 

Strontii  lodidum    (U,  S.  P-).— Sri, +  6H^ as  sol. 

Ziitci  lodidum    (U.  S.  P.).— Znl, readily  readilj 

Dosei  ao6s  Gm.  ^1  gr. 

'Solulio  Potassii  lodidi  1:1  (1  m..  =  1  gr,).— Dissolve  i5  in  s!45 
of  water,  and  make  up  to  i  fl  5- 

UHguenlum  Potassu  lodidi  (U.  S.  P.).— 10%  in  benzoinated  lard 
(irrational). 

Acidutn   Hydriodicum   Dihlum    (U.  S.  P.).— 10%.     Dose:  o.S  C.  c.^ 

8  la.  (U.  s.  p,). 

Syrupus  Acidi  Hydrtodici  (U.  S.  P.).— 1%.  Dose:  4  c.  c.  =  1  5. 
(U.S.  P.). 

* lodipin  is  a  compound  similar  to  Bromipin  (see  p,  — ),  and  con- 
tains 10%  of  iodin.  The  same  advantages  are  claimed  for  it.  Dose: 
4  to  15  c.c,  (t  to  4  drachms)  by  mouth,  or  to  c.c.  of  35%  suspension 
injected  into  the  gluteal  muscles. 

Xir.  SULFOCYANID  ION. 

This  ion  does  not  show  any  cjranid  action.  It  influences  the  aggre- 
gation of  colloids  in  the  same  way  as  the  iodid  ion.  being  even  some- 
what more  solvent.  This  analogy  suggested  a  therapeutic  trial.  In 
the  as  yet  rather  limited  number  of  cases  in  which  it  has  been  tested, 
it  was  found    to   affect  neuroses,   arteriosclerosis,   and   syphilis  in  a 
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manner  analogous  to  the  iodids.  being  even  somewhal  stronger  (Pauli. 
1903).  It  also  hastened  the  elimination  ot  metals  —  perhaps  by  ren- 
dering the  metal-proteid  compounds  more  soluble.  It  resembles  the 
iodids  further  in  producing  coryza,  acne,  nnd  other  symptoms  of 
iodism.  A  conspicuous  difference  from  iodids  lies  in  the  fact,  that  it 
does  not  act  on  the  thyroid  gland.  It  was  used  as  the  sodium  sulfo- 
cyanid,  in  the  maximal  dose  of  i  Gm.  (15  grains)  per  day.  This 
salt  is  quite  soluble  in  water.  The  potassium  salt  could  probably  be 
used  in  the  same  dose, 

XIII.  FLUORID  ION. 

Sodium  fluorid  is  a  general  protoplasmic  poison.  It  has  a  strong 
local  irritant  action,  a  z%  solution  being  corrosive  to  mucous  mem- 
branes. The  systemic  action  resembles  that  of  the  oxalates  and  is 
probably  produced  in  the  same  manner,  by  the  formation  of  insoluble 
calcium  salts. 

In  the  frog,  it  produces  fibrillary  contraction  of  the  muscles. 
These  disappear  on  section  of  the  nerve.  Larger  doses  produce  rigor. 
The  systemic  effects  are  dyspnea,  loss  of  reflexes,  stoppage  of  respira- 
tion, cardiac  standstill.  In  mammals  it  causes  salivation,  gastro-en- 
tefilis,  dyspnea,  muscular  weakness  and  tremors,  epileptic  convulsions, 
fall  of  arterial  pressure,  and  stoppage  of  respiration  and  heart  Rigor 
sets  in  quickly.  The  abdominal  organs  are  congested.  The  intestinal 
epithelium  is  destroyed  (even  when  the  poison  is  introduced  by  other 
diannels),  whilst  the  cilia  of  the  respiratory  epithelium  may  still  be 
moving   (Siegfried,  1901). 

When  fluorids  are  given  in  small  amounts,  greatly  diluted, 
they  are  absorbed  and  deposited  for  the  most  part  in  the 
bones. 

The  bones  become  unusually  hard,  white,  and  brittle,  and  contain 
small  crystals,  presumably  CaF.,  A  small  amount  of  the  latter  is  nor- 
mally contained  in  the  bones  and  teeth,  but  the  percentage  (o.02-ao5) 
is  so  small  that  it  cannot  be  regarded  as  essential  (Jodlbauer,  1901). 

The  fluorids  are  quite  markedly  antiseptic.  In  the  pro- 
portion of  I  :  200  they  prevent  completely  the  development 
of  bacteria,  and  are  sometimes  used  for  this  purpose.  They 
have  no  important  therapeutic  application,  and  small  toxi- 
cologic importance. 

*Sodii  Fluoridunt  (Sodium  fluorid),  NaF.— Soluble  in  25  parts  of 
water.  Used  externally  as  antiseptic.  For  dressings,  0,5  to  10  :  lOOo; 
injections,  0.25  to  [M.OOO;  against  fermentation  in  food,  10  to  15  mg. 
per  Liter.    0.25  Gm.  have  produced  dangerous  symptoms  in  man. 

*Hydroffuoric  Acid  is  a  very  violent  volatile  caustic.  The  bums 
suppurate,  and  heal  very  slowly. 

XIV.  THE  NITRATE  ION  (NO.). 

1.  Action. —  In  addition  to  an  extensive  salt  action,  this 
appears  to  produce  a  more  specific  irritation,  which  must  be 
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referred  to  the  ion.  The  salt  action  is  explained  by  its 
ready  penetration,  and  by  its  being  entirely  foreign  to  the 
animal  body.  The  specific  irritation  is  exerted  mainly  on 
mucous  membranes,  and  results  in  gastritis  at  the  place  of 
entrance;  in  diuresis,  or  with  large  doses  nephritis,  at  the 
place  of  exit. 

Smaller  doses,  long  continued,  cause  a  bemorrhagic  tendeni^,  edema, 
and  fally  heart   (Fackelmann,  1898). 

The  nitrates  are  also  reduced  to  a  large  extent  in  the  body.  A  cei^ 
tain  proportion  is  excreted  as  nitrite.  This  reduction  takes  place  so 
slowly,  in  the  case  of  the  inorganic  nitrates,  that  no  nitrite  action  can 
ordinarily  be  seen;  but  very  large  doses  may  cause  methemoglobin 
formation  (Binz  and  Gerlinger,  1901). 

The  excretion  of  nitrates  presents  the  same  peculiarities  as  that  of 
the  chlorids,  bromids,  and  iodids. 

In  the  case  of  potassium  nitrate,  considerable  of  the  eflfect 
must  be  attributed  to  the  potassium,  and  this  salt  is  usually 
employed  when  the  potassium  action  is  desired.  This  is 
due  to  the  fact  that  the  nitrate  ion  increases  the  rapidity  of 
the  absorption  of  its  cathion.  Potassium  nitrate  has  there- 
fore a  twofold  action: 

2.  Therapentios. —  The  nitrate  ion  is  used  for  diuresis. 
For  this  purpose  4  Gm.  of  the  KNO3  are  taken  in  a  large 
quantity  of  water.  If  the  latter  is  carbonated,  the  absorp- 
tion will  be  quickened,  and  the  gastric  irritation  proportion- 
ately lessened. 

The  potassium  ion  may  be  used  to  depress  the  heart, 
having  much  the  same  indications  as  aconite  —  sthenic 
fevers,  such  as  an  acute  articular  rheumatism,  etc. 

3.  Hateria  Hedioa: 

Potassii  Nitras  {U.  S.  P.,  B.  P.)  (Niter,  Saltpeter).  KNOt  Soluble 
in  3.6  water,  very  sparingly  in  alcohol.  Dole:  0.3  to  1.2  Gm,  {5  to  30 
grains),  largely  diluted   (OS   Cm, ^754  grains,   U.  S.  P.). 

Sodii  Nitras  (U,  S.  P,).— (Chill  Saltpeter).— NaNO^— Sol,  in  i.i 
water,  100  ale.    Dote:  as  the  preceding. 

XV,  TOXICOLOGY  OF  NEUTRAL  SALTS  OF  ALKALIES. 

The  irritant  action  of  KNO3  is  so  violent,  if  the  salt  is 
taken  in  concentrated  form  or  in  large  doses,  that  it  has  a 
considerable  toxicologic  importance.  The  same  phenomena 
are  produced  by  all  other  neutral  salts  which  do  not  possess 
a  specific  toxicity,  so  that  the  following  description  will  be 
generally  applicable. 

Since  the  capacity  for  the  excretion  of  these  salts  is 
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greater  than  the  capacity  for  their  absorption,  they  do  not 
usually  develop  their  ion  action  when  taken  by  the  mouth. 
However,  if  introduced  in  strong  solution  they  may  cause 
necrosis  of  the  lining  membranes,  and  will  then  enter  the 
circulation  more  rapidly,  and  produce  the  ion  symptoms 
described  under  the  several  headings.  Ordinarily  their  ac- 
tion is  a  purely  local  one,  proportional  to  their  concentration 
and  to  the  time  during  which  they  remain  in  contact.  The 
latter  again  is  proportional  to  their  quantity.  Since  the 
concentration  is  necessarily  greatest  at  the  points  where 
they  enter  and  leave  the  body,  the  irritation  is  most  manifest 
in  the  alimentary  canal  and  in  the  kidneys,  producing  gas- 
tritis, enteritis,  and  nephritis.  The  phenomena  are  the  same 
as  with  other  irritant  poisons  (see  Chap.  XXVIII,  A). 
They  consist  in  great  abdominal  pain,  vomiting,  frequently 
bloody  stools;  irregular  pulse,  convulsions,  and  collapse; 
suppression  of  urine,  or  that  passed  is  albuminous  and  often 
bloody.  The  gastro-enteritis  may  be  so  violent  as  to  lead 
to  an  early  fatal  ending.  Of  the  salts  so  far  studied,  the 
potassium  nitrate  is  by  far  the  most  violent;  30  Gm.  (i  5) 
may  be  fatal  if  taken  in  concentrated  form. 

The  treatment  wpuld  consist  first  in  dilution,  since  they 
act  only  by  virtue  of  their  concentration.  Large  quantities 
of  water  should  be  drunk  and  the  stomach  washed.  Demul- 
cents —  milk,  egg  white,  acacia  —  are  also  useful.  The 
symptoms  should  be  met  as  they  arise. 

XVI.  THE  CHLORATE  ION. 
The  chlorates  display  some  peculiar  ion  actions : 
They  are  strong  oxidizers  chemically,  but  do  not  exert 
this  action  in  the  body. 

When  the  chlorates  are  added  to  blood,  either  inside  or 
outside  the  body,  they  effect  the  formation  of  methemoglo- 
bm.  The  chlorate  ion  is  not  used  up  in  this  process,  so 
that  it  may  convert  an  indefinite  amount  of  hemoglobin. 
They  differ  in  this  respect  from  the  nitrites  (see  index), 
and  their  action  is  in  consequence  more  violent  and  more 
prolonged.  They  may  in  this  way  produce  an  actual  as- 
phyxia. 

The  blood  of  different  animals  shows  a  different  degree  of  susceptibil- 
ty  for  this  methemoglobin  formation.  These  differences  are  common 
with  all  poisons  acting  on  the  blood,  especially  as  between  c  
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and  herbivorous  animals.  The  cause  is  not  understood,  but  is  perhaps 
connected  with  differences  in  the  alkalinity  of  the  body.  The  con- 
version occurs  fairly  readily  intra  vitam  in  man,  dog,  and  cat.  whilst 
rabbits  and  guinea-pigs  are  almost  immune.  But  in  the  test-tube 
chlorates  convert  rabbit's  blood,  although  more  slowly  than  dog's. 
The  action  is  much  slower  outside  of  the  body,  often  requiring  several 

lodates  and  BromateB  have  a  similar  action  on  hemoglobin  (Heinz, 


In  addition  to  this  formation  of  methemoglobin,  the 
chlorates  break  up  the  blood-corpuscles.  This  was  formerly 
supposed  to  produce  dangerous  embolism,  but  less  import- 
ance is  attached  to  it  at  present.  But  the  proteids,  etc., 
which  are  liberated  by  the  destruction  of  the  corpuscles  are 
extremely  irritant  to  the  kidneys  and  produce  a  very  marked 
interstitial  nephritis,  with  the  usual  phenomena  —  proteids 
in  the  urine,  casts,  sometimes  hemoglobin  compounds. 
Possibly  the  chlorate  ion  itself  irritates  the  kidneys. 

The  chlorates  have  also  a  disinfecting  and  local  stimulant 
action,  which  seems  to  be  rather  stronger  than  would  be 
accounted  for  by  their  salt  properties,  and  would  therefore 
appear  to  be  a  specific  ion  action. 

Excretion. —  Chlorates  are  excreted  mainly  by  the  urine,  but  partly 
also  by  the  saliva.  The  urinary  excretion  begins  promptly  and  is 
completed  within  48  hours,  all  the  chlorate  being  recovered.  A  ^real 
deal  of  this,  however,  is  reduced  to  chlorid  after  the  urine  is  voided. 
It  is  doubtful  whether  this  reduction  occurs  in  the  body.  Bromaies, 
however,  are  partly  reduced  in  the  tissues,  and  iodates  intensively. 

The  toxicologfy  of  potassium  chlorate  is  fairly  important. 
Poisoning  very  frequently  takes  place  accidentally,  either  by 
an  overdose,  since  the  laity  does  not  generally  regard  it  as 
a  toxic  substance ;  or  by  the  swallowing  of  some  of  the  solu- 
tion given  for  gargling. 

The  symptoms  are  those  of  a  gastro-enteritis,  as  just  de- 
scribed (p.  575).  After  its  absorption,  it  produces  symp- 
toms due  to  the  methemoglobin  formation  and  destruction 
of  corpuscles;  1.  c,  peculiar  cyanosis,  nephritis,  hematuria, 
blood  casts,  possibly  suppression  of. urine.  Ictenis  is  also 
common.  If  the  action  on  the  kidney  is  still  stronger, 
uremic  symptoms  —  coma  and  convulsions  —  may  result. 
The  course  of  poisoning  may  be  very  rapid.  Death  has 
taken  place  in  two  and  a  half  hours.  Usually,  however,  it 
does  not  occur  for  several  days. 
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The  treatment  would  be  the  same  as  for  other  irritant 
salts. 

Therapentios. —  The  local  disinfectant  and  stimulant  ac- 
tion to  mucous  membranes  is  alone  important,  and  is  exten- 
sively utilized  as  a  gargle  in  sore  throat  and  stomatitis.  The 
patient  should  be  cautioned  against  swallowing  the  solution. 
There  would  seem  to  be  little  indication  for  its  internal  use. 
and  the  popular  tablets  are  to  be  condemned. 

MATERIA    MEDICA. 

Potassii  Chloras  (U.  S.  P.,  B.  P.),  KCIO,.— Soluble  in  i6  water. 
Insoluble  in  absolute  alcohol.  Dose:  o.2  to  1.2  Gm.  (3  to  20  grains) 
(0.25  Gin.^4  grs.   U.S.P.).     As  a  gargle.  1%  to  5%  solution. 

Trochim  Potasm  Chhralis  (U.  S.  P.).— Each  contains  0.15  Gm. 
(a'/i  grains). 

Troehiscut  PotassH  ChtoTalis  (B.P.). —  Each  contains  0.2  Gm.  (3 
grains). 

Sodii  Chloras  (V.  S.  P,),—  NaClO^  Sol.  in  1  water,  100  ale.  Dote: 
0.2S   Gm.  =  4  grs.   U.  S.  P. 

The  chlorates  explode  when  triturated  with  organic  matter. 

XVII.  THE  PERMANGANATE  ION. 

This  is  so  readily  decomposed  into  O  and  MnO,  in  contact  with 
or^nic  matter,  that  its  action  can  never  be  anything  but  local.  It  is 
an  irritant  and  disinfectant.  Taken  by  the  mouth  in  large  dose  it  may 
cause  death  by  gastroenteritis. 

The  PoUaslum  Permansanate  (U.S.  P.,  B.  P.)  (KMnO.)  is  the 
only  salt  used.  Soluble  in  15  water.  Decomposed  by  alcohol  and 
all  organic  matter;  explosive.  Dose:  0.065  Gm. ^1  gr.  U.S.  P.  It 
may  be  taken  in  i^%  solution  as  antidote  to  organic  poisons,  HCN, 
and  phosphorus.  Its  main  use  is  as  an  antiseptic.  It  is  so  readily 
destroyed  and  so  expensive  that  its  usefulness  is  limited,  i  :  IjOOO 
to  I  :  500  solution  may  be  used  as  injection  in  dysentery,  in  urethritis, 
or  as  mouth-wash.  A  saturated  solution  (i  :  16)  may  be  used  for 
the  hands,  the  color  being  removed  by  a  solution  of  oxalic  acid.    The 


XVIIT.  ACETATES.  CITRATES  AND  TARTRATES. 

The  acetates  and  tartrates  have  no  peculiar  ion  action.  They  act 
just  like  other  neutral  salts;  but,  like  the  alkali  salts  of  most  organic 
acids,  they  are  decomposed  in  the  body  with  the  formation  of  car- 
bonates: HCtHi,Ot-|-Oi  =  2CO,-t-2H,0;  so  that  they  exert  an  alka- 
line action  after  their  absorption.  This  alkali  action  is  of  special 
importance  on  account  of  the  profuse  diuresis  which  results  from  it. 
The  citrates  and  tartrates  are  not  readily  absorbed,  and  are  therefore 
ealhartic. 

The  addition  of  sodium  citrate  to  calcium  salts  produces  a  com- 
pound (containing  three  molecules  of  the  former  to  one  of  Ca)  in 
which  the  Ca  ion  is  inactive:  It  is  not  actually  precipitated,  but  does 
not  give  the  Ca  reactions.  A  similar  result  occurs  if  citrates  are  in- 
jected directly  into  the  circulation.  This  inactivation  of  the  Ca  leads 
1—37 
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to  effects  identical  with  those  of  removal  of  Ca  by  other  means,  as 
by  oxalates  or  fluorids ;  stimulation  of  the  central  nervous  system, 
with  convulsions,  followed  by  paralysis.  These  effects  are  never  seen 
when  citrates  are  given  t»  mouth,  since  the  stow  absorption  permits 
complete  decomposition.  Citrates  also  retard  the  coagulation  of  blood 
and  casein,  by  inactivation  of  the  Ca,  in  the  same  way  as  oxalates. 
Tartrates  have  simitar,  but  weaker,  action  (Sabbatani,  1901;  v.  Viet- 
inghoff-Scheel,  1902). 

MATERIA  MEDICA. 

The  dose  of  the  salts  is  0.3  to  4  Gm.  (5  to  60  grains)  (i  Gm.  =  is 
grs.  U.S.  P.). 

The  salts  are  very  soluble  in  water, 
scopic,  and  should  not  be  dispensed  i 
on  the  other  hand,  effloresce. 

I  part  is  soluble  in  Water:  Alcohol: 

Polassii    Acelas    (U.  S.  P.,    B.  P.).— KOH.O,  0.4  2. 

Sodii  Acetas    (U,  S,  P.).— NaCH.O,  +  3HtO  i.  23. 

Poiassii  Citras   (U.  S.  P.,   B.  P.).— K,CH.O,+ H.O      0.5     spar.  sol. 

Sodii  CHras    (U.S.  P.).— 2Na.CH.a+ iiH,0  i.i        "      " 

Liquor  Poiassii  CUralis  (U.  S.  P.).— Effervescent ;  8%.  Doie:  16 
c.c,=43  (U.S.  P.). 

Tartrates,  see  index. 

XIX.  OXALATE  ION. 

Oxalic  acid  is  quite  a  strong  organic  acid,  and  exhibits  the  ordinary 
acid  actions.  The  oxalates  act  as  soluble  salts.  In  addition  to  this, 
however,  they  show  an  effect  which  must  be  referred  to  the  oxalate 
ion.  This  consists  of  a  specific  toxicity  to  all  protoplasm.  The 
phenomena  resemble  superficially  those  produced  by  HCN.  The  action 
is  probably  explained  by  the  fact  that  the  calcium  is  rendered  in- 
soluble. 

In  accordance  with  this  theory,  it  is  found  that  oxalates  are  not  toxic 
to  a  few  lower  fungi  which  do  not  contain  calcium.  They  are  toxic  to 
most  plants,  but  certain  species  contain  soluble  oxalates.  In  algx  the 
main  histologic  changes  are  seen  in  the  portions  richest  in  cakium  — 
nucleus  and  chlorophyll.  Oxalic  acid  is  probably  a  constant  product 
of  metabolism,  and  possibly  one  of  the  functions  of  calcium  is  to  ren- 
der it   harmless. 

If  dilute  solutions  of  oxalates  are  applied  directly  to  skeletal  muscle, 
they  cause  rhythmic  contractions.  Lessening  the  proportion  of  Ca  by 
any  other  means  has  the  same  effect.  Larger  doses  of  oxalates  de- 
press the  excitability  and  force  of  the  skeletal  and  cardiac  musclea. 

If  oxalates  are  injected  into  the  circulation  they  affect  first  the 
central  nervous  system  in  its  whole  extent,  from  mental  functiMis  to 
reflexes,  producing  at  first  stimulation,  with  convulsions,  and  then 
paralysis,  the  latter  being  the  more  conspicuous  with  large  doses. 

The  medullary  centers  are  especially  affected.  In  consequence  of 
the  asphyxia  produced  in  this  manner  they  cause  glycosuria,  and  pos- 
sibly through  the  same  cause  indicanuria.  Death  occurs  from  respira- 
tory paralysis,  excepting  when  the  poison  is  injected  directly  into 
the  circulation,  in  which  case  it  may  paralyse  the  cai^iac  muscle 
(v.  Vietinghofl-Scheel,   igoi). 

Taken  by  the  mouth,  the  oxalates  are  readily  absorbed,  and  poison- 
ing is  not  at  all  infrequent  from  confusion  with  other  salts. 

The  lymptoms  are :  first,  those  of  a  local  caustic,  especially  when 
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the  acid  was  used ;  then  those  of  collapse,  the  latter  possibly  preceded 
by  convulsions.     The  pulse   is  very  small  and   weak. 

Almost  the  entire  quantity  is  excreted,  unchanged,  by  the  urine 
(92%  to  95%  after  hypodertnic  injections)  in  the  form  of  calcium 
oxalate.  This  is  almost  insoluble  and  forms  envelope-shaped  crystals, 
'  which  are  diagnostic  of  ox  a  late-poisoning.  The  crystals  may  be  ex- 
creted in  such  great  amounts  as  to  block  the  urinary  tubules,  and  may 
thereby  possibly  lead  to  nephritis,  or  retention  of  urine  and  uremia. 
Calcium  oxalate,  in  rod-shaped  crystals,  may  be  found  in  all  the  or- 
gans, but  it  may  be  absent  from  these  in  very  acute  poisoning  (Miir- 
set,  1885).. 

iletaboliim  is  markedly  depressed  in  oxalate  poisoning,  especially 
the  production  of  carbonic  acid.  The  respiratory  quotient  falls  (Cor- 
ley,   1902). 

Death  by  oxalic  acid  and  oxalates  occurs  very  rapidly,  much  more 
quickly  than  by  any  other  caustic  substance.  This  is  of  diagnostic 
importance.  (In  one  case  death  took  place  in  ten  minutes.)  The 
fatal  dose  will  vary  with  the  concentration.  The  smallest  recorded 
amount  is  5  grams. 

The  chemic  antidote  would  be  calcium  in  any  shape,  chalk,  lime- 
water,  etc.,  (Husemann).  Liberal  quantities  of  water  should  be  given 
to  prevent  the  deposition  of  crystals  in  the  kidneys. 

Oxalates  have  no  therapeutic  importance.  They  may  occur  in  rather 
large  quantity  in  some  articles  01  food, — e.  g,,  spinach, —  but  not  in 
such  amounts  as  to  be  dangerous. 

'AciduM    Oxalicum,    CiO.H,;    colorless    crystals,    easily    soluble    in 

•  Acid  potassium  oxalate,  KHGOi. 

XX.  BORIC  ACID  AND  BORAX. 

These  combine  a  very  fair  antiseptic  power  with  a  low  toxici^ 
to  higher  animals.  They  are  also  less  irritant  than  most  other  anti- 
septics. Boric  acid  is  employed  in  surgery  as  dustinf;  powder,  as 
saturated  {4%)  aqueous  solution,  as  boroglycerite,  and  m  collyria  (l 
to  2%  of  boric  acid  or  sodium  borate).  Boric  acid  is  a  mild  acid, 
and  increases  the  acidity  of  the  urine;  borax  acts  as  a  weak  alkali. 
It  lessens  the  urinary  acidity,  and  is  used  for  cleansing.  The  acid 
and  alkali  characters  are  very  weak.  The  borate  ion  has  no  other 
therapeutic  uses. 

The  frequent  employment  of  these  substances  for  the  preservation 
of  food,  particularly  meat,  butter  and  milk  (see  page  382)  makes  the 
question  of  their  toxicity  very  important,  and  a  great  deal  of  work 
has  been  done  along  this  line.  It  may  be  premised  that  boric  acid 
and  borax  behave  exactly  alike.  A  man  living  largely  on  preserved 
food  may  ingest  as  much  as  0.5  Gm.  of  boric  acid  (or  its  equivalent  in 
borax)  per  day;  the  consumption  would  generally  fall  below  this 
figitre.  AH  investigators  agree  that  this  quantity  has  no  immediate 
action  of  any  kind  in  healthy  individuals.  When,  however,  the  con- 
sumption is  continued  for  a  long  time,  quite  marked  effects  are  pro- 
duced. The  digestion  becomes  somewhat  deranged ;  the  body  weight 
lessens;  the  feces  become  more  watery  (but  there  is  no  diarrhea  even 
with  larger  doses).  The  absorption  of  fat  and  of  nitrogen  is  some- 
what diminished.  The  urinary  nitrogen  is  slightly  decreased,  whilst 
the  phosphates  rise  distinctly.  The  quantity  of  urine  is  scarcely 
altered.  If  a  sli^t  albuminuria  was  present,  this  is  increased  (Wiley, 
1904).    Boric  acid  therefore  seems  to  have  a  cumulative  achon  on 
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digestion  and  absorption,  metabolism,  and  the  kidneys.  The  cumula- 
tive effect  may  be  explained  by  the  observation  that  the  excretion 
of  boTic  acid  is  slow,  requiring  several  days.  (However,  it  begins 
within  ten  minutes,  and  reaches  its  maximum  in  the  second  hour.) 
The  excretion  is  not  hastened  by  diuresis  (Rosj,  1905), 

The  effects  of  such  doses  as  are  actually  consumed  would  therefore 
not  be  very  serious,  even  if  the  consumption  of  preserved  food  were 
continued  for  a  long  time.  However,  the  results  are  somewhat  dele- 
terious, even  in  normal  individuals ;  and  they  would  probably  be  very 
undesirable  in  patients  with  digestive  or  renal  disturbance. 

Somewhat  lar^r  doses,  I  to  3  Gm.  per  day,  produce  the  described 
effects  more  rapidly  and  more  severe^.  Headaches  appear.  With  5 
Gm.,  the  subject  soon  becomes  unable  to  do  any  work.  Quantities 
above  2  Gm.  per  day  may  be  condemned  as  distinctly  harmful,  with- 
out any  hesitation,  (Some  investigators  hold  the  opposite  opinion.' 
Their  results  may  probably  be  explained  by  individual  differences  of 
susceptibility,  which  were  also  noticed  by  Wiley.)  Harrington.  1904, 
has  observed  that  the  continued  administration  of  borax  to  cats  leads 
to  very  severe  kidney  lesions.  Very  large  doses  cause  acute  polMit- 
Ing;  this  may  also  occur  from  local  administration.  The  symptoms 
consist  ordinarily  in  gastroenteritis,  congestion  of  the  abdominal  vis- 
cera, nephritis  (granular  degeneration),  skin  eruptions;  very  com- 
monly visual  disturbances,  muscular  debility  and  mcoordination,  fall 
of  temperature,  collapse.  The  autopsy  shows  fatty  degeneration 
(Rinehart,  igoi  i  Best,  1904). 

MATERIA  MEDICA. 

Acidum  Boricum  (U.S.  P.)  [Ac.  Boracicum.  B.  P.].— H.BO..  Sol- 
ubie  in  18  water,  15.3  ale,  4,6  glycerin  (Sal.  aqu.  sol.  =  s%^25  grs. 
per  ounce),  Doie:  0.3  to  1  Gm.  (s  to  15  grs.)  (0.5  Gm,  =  7^  grs. 
U.S.  P.).     As  lotion,  injection  or  gargle,  2  to  4%- 

Unguentum  Acidi  Borid  (U.  S.  P.,  B.  P.).—  10%  in  white  petroleum. 

Liquor  Antisepticus  Compoiitus   (U,  S.  P,).^ —  See  index. 

Clycerilum  Boroglyccrim  (U.  S,  P.)  \Glyceri»um  Acidi  Boracici. 
B,  P.].— GHiBO..    31%  of  boric  acid.    For  external  use,  diluted  10 

Sodli  BoTva  (U.S.  P.)  {Borax.  B.  P.]  {Sod.  BifcorM).— Na.B.O.-J- 
loHiO.  Sol.  in  20.4  water,  i  glycerin,  insol.  in  ale.  Dose:  as  boric 
acid,  also  strength  for  external  use, 

Glycerinum   Boracis   (B.  P.). — I  :  6. 

Mel  Boracis  (B.  P.). 

XXI,  URATES  AND  URIC  ACID. 

The  importance  of  these  lies  in  the  fact  thai  they  may  be  formed 
or  retained  in  excessive  amounts  in  pathologic  conditions,  when  they 
first  produce  inflammatory  necrosis  of  cells,  and  are  then  deposited  in 
insoluble  granular  form.  This,  becoming  crystalline,  acts  as  a  power- 
ful mechanical  irritant,  producing  the  phenomena  of  gout.  These  can 
be  simulated  in  animals  by  the  injection  of  suspensions  of  acid  sodium 
urate,  and  in  birds  by  the  subcutaneous  injection  of  chromates.  or 
even  by  ligation  of  the  ureters.  The  cause  of  the  abnormal  appear- 
ance of  the  uratic  deposits  in  gout,  etc.,  is  not  understood.  It  seems 
to  be  connected  with  changes  in  proteid  metabolism,  perhaps  also  with 
intestinal  putrefaction, 

'For   inalann.    I.iebrcich.   iqoj   and    igus- 
Study    Mileria    Medics    LMMn   44. 
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CHAPTER  XXVI. 

REMOTE  (ION)  ACTIONS  OF  ACIDS  AND 
ALKALIES. 

(A)  ACTIONS  COMMON  TO  BOTH. 

1.  Ponrfold  Action — Acids  and  Alkalies  exert  a  four- 
fold action : 

r.  By  virtue  of  their  chcmic  character,  they  produce, 
when  fairly  concentrated,  profound  changes  in  the  body 
constituents,  dead  or  living,  and  lead  to  destruction  of 
tissue. 

2.  When  dilute,  they  have  an  extensive  and  peculiar  ion 
action  upon  the  living  protoplasm,  due  to  the  H  and  OH 
ions. 

3.  Like  all  other  soluble  and  absorbable  substances,  they 
produce  osmotic  changes,  and  exert  the  ordinary  salt  action. 

4.  By  influencing  the  action  of  ferments  and  the  solubil- 
ity of  substances,  they  modify  the  processes  of  digestion  and 
absorption. 

The  first,  the  purely  chemic  action,  overshadows  all  others 
when  strong  solutions  are  applied.  It  will  be  studied  in  con- 
nection with  corrosives  in  Chapter  XXVIII. 

The  ion  actions  proper,  the  salt  actions,  and  the  effects 
upon  digestion  are  most  pronounced  in  dilute  solutions,  and 
these  will  be  discussed  in  the  present  chapter. 

2.  Fate  in  Body, —  Neither  acids  nor  alkalies  are  ab- 
sorbed unchanged  from  the  alimentary  canal.  The  alkalies 
(including  the  carbonates)  are  neutralized  by  the  HCl  of 
the  gastric  juice.  Or  if  given  in  larger  amounts,  they  enter 
into  loose  alkali- /to /Wd  combinations  before  they  reach  the 
blood.  The  acids  undergo  a  similar  change,  or  if  they  are 
not  entirely  absorbed  before  entering  the  intestine,  they  are 
there  neutralized  by  the  carbonates.  The  immediate  effects, 
then,  would  consist  only  in  altering  the  reaction  of  the  ali- 
mentary canal,  and  in  a  certain  amount  of  salt  action. 

However,  there  are  other  changes  —  more  remote,  but 
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very  important :  The  compounds  with  the  proteids  still  pos- 
sess the  character  of  acids  or  alkalies ;  and  even  when  the 
neutraUzation  is  effected  by  the  HCl  or  NajCOj,  it  is  evi- 
dent that  the  total  amount  of  alkali  in  the  body  must  be 
altered,  at  least  temporarily.  But  since  the  organism  is  ad- 
justed to  work  at  a  certain  degree  of  alkaline  reaction,  which 
cannot  be  departed  from  without  more  or  less  severe  modi- 
fications in  its  functions,  it  endeavors  to  counteract  these 
changes  in  reaction,  A  regulating  mechanism  for  this  ex- 
ists in  the  formation  of  ammonia. 

This  is  nommlly  produced  as  a  precursor  to  urea ;  but  the  degree 
to  which  the  final  transformation  takes  place  is  easily  modified  by 
increasing  or  diminishing  the  fixed  alkali  of  the  blood.  In  the  former 
case  it  is  more  complete;  whereas  if  acid  is  introduced,  the  trans- 
formation does  not  take  place,  but  the  ammonia  is  excreted  unaltered 
as  a  salt  of  this  acid.  It  is  therefore  evident  that  acids  and  alkalies 
musi  influence  the  proportion  of  nitrogen  which  is  excreted  as  ammonia 
and  as  urea.  It  is  not  inconceivable  that  this  change  introduces  other 
modifications  in  the  metabolism,  but  little  is  known  about  this. 

If  the  ammonia  formation  is  not  sufficient  to  cope  with 
the  excess  of  acid  or  alkali,  another  mechanism  for  the  main- 
tenance of  the  normal  reaction  of  the  organism  exists  in  the 
rapid  excretion  of  any  excess  by  the  urine,  in  the  form  of 
acid  or  basic  salts.  ( Free  acids  or  alkalies  never  exist  in 
the  body  beyond  the  alimentary  canal.)  Acids  and  alkalies 
are  therefore  very  efficient  diuretics. 

On  account  of  these  mechanisms  it  is  possible  to  give 
very  large  amounts  of  acids  or  alkalies  to  animals,  by  the 
mouth,  without  greatly  altering  the  alkalinity  of  the  blood.* 

Their  efficiency,  especially  against  acid,  is.  however,  not  tlw 
same  for  all  animals,  and  is  conspicuously  more  perfect 
in  carnivora,  both  as  concerns  the  NH,  and  the  elimination  (Spiro, 
igoi )  —  probably  because  these  are  accustomed  to  ingest  a  cer- 
tain amount  of  acid  with  their  food.  It  is  absolutely  impossible 
to  lower  the  alkalinity  of  the  blood  of  a  dog,  to  such  a  degree  as  to 
produce  symptoms,  by  introducing  acid  into  the  alimentary  canal, 
unless  corrosion  be  produced.  But  if  an  acid  or  acid  salt  be  injected 
into  a  vein,  it  will  cause  very  pronounced  symptoms,  and  these  may 
also  be  produced  in  herbivorous  animals  if  large  quantities  are  given 
by  the  mouth.  They  will  result  in  death  even  before  the  reaction  of 
the  blood  has  become  neutral.  So  (hat  it  is  not  strictly  correct  to 
speak  of  an  "acid  action,"  but  rather  of  the  effects  of  diminished 
alkalinity  (Kettner,  tgoa), 

3.  (a)  These  acute  effects  of  add  Injection  —  <.  «..  of  diminished 

'  The  tlkalinitr  of  the  blood  i*  moW  tonvenientlji  estimated  br  the  CO, 
which  <l  CBrrits. 
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alkalinity  of  the  blood ' —  fail  upon  the  central  nervous  system,  espe- 
cially the  medullary  centers,  and  are  mainly  paralytic.  The  symptoms 
resemble  asphyxia,  and  consist  of  coma,  convuUions,  depressed  respira- 
tion and  fall  of  blood  pressure,  etc.  Death  takes  place  by  respiratory 
paralysis.  These  symptoms  are  at  once  removed  —  even  in  the  last 
stages  —  by  injection  of  NaiCOt  (F.  Walter,  1877).  This,  as  well  as 
the  fact  that  the  serum  in  acid-poisoning  is  never  saturated  with  CO, 
(Loewy  and  Miinzer,  1901),  shows  that  the  cause  of  the  fatality  of 
diminished  alkalinity  is  not  due  to  the  incapacity  of  the  blood  to  take 
up  the  COt  formed  in  the  tissues.    The  formation  itself  is  diminished. 

(b)  Diabetic  Coma. —  These  phenomena  bear  the  closest  resem- 
blaiKe  to  those  of  diabetic  coma.  Experimental  investigation  has, 
indeed,  shown  that  the  excretion  of  ammonia  in  this  disease  is  always 
markedly  increased,  pointing  to  the  presence  of  an  abnormal  amount  of 
acid  in  the  body.'  This  is  oxybulyric  acid ;  according  to  some,  this 
again  is  formed  from  ^-amidobutyric  acid.  As  to  the  origin  of  the 
latter,  little  is  known,  but  it  could  be  derived  from  fats.  The  theory 
lay  near  to  refer  the  phenomena  of  diabetic  coma  to  acid-poisoning. 
Against  this  it  was  urged  that  the  amount  of  this  acid  in  the  urine 
was  insufficient  lo  account  for  the  symptoms.  But  plainly,  it  is  not 
the  excreted  acid,  but  that  retained  in  the  body,  which  would  be 
responsible  for  the  effects :  and  it  is  claimed  that  recent  calculations 
have  shown  that  the  alkalinity  of  the  body  is  diminished  to  such  a 
degree  as  to  suifice  for  the  explanation  of  the  symptoms  (Magnus- 
Levy,  1899). 

The  rational  Ireatmenl,  then,  tor  this  condition  would  be  the  ad- 
ministration of  alkali  in  sufficient  quantity,  just  as  in  the  case  of  acid- 
poisoning  in  the  rabbit.  When  this  has  been  done  in  the  proper  man- 
ner the  results  have  been  fairly  satisfactory.  The  principal  difficulty 
has  been  that  a  sufficient  amount  of  alkali  was  not  used.  If  the 
alkali  is  administered  by  the  mouth,  in  the  early  stages  before  coma 
sets  in.  it  should  be  given  in  a  dose  of  about  40  grams  of  sodium 
carbonate  a  day;  and  if  coma  has  already  set  in,  the  quantity  should 
be  100  or  200  grams.     Carlsbad  salt  is  also  useful  in  this  connection. 

It  such  large  <]uantities  of  sodium  carbonate  are  taken,  they  will 
produce  a  cathartic  effect  This  purging  may  not  be  entirely  useless, 
for  it  is  conceivable  that  the  underlying  cause  of  the  diabetes  is  found 
in  toxins  formed  in  the  alimentary  canal.  At  all  events,  plain  purges 
have  been  found  useful  in  such  cases,  and  so  has  pilocarpin,  used  on 
the  theory  that  it  helps  the  elimination  of  the  "  toxins."  But  if 
catharsis  occurs  after  sodium  carbonate,  so  much  may  pass  into  the 
stools  that  it  ma^  be  impossible  to  secure  the  absorption  of  a  sufficient 
amount  of  alkali.  In  this  case  it  should  be  given  by  intravenous  in- 
jection of  0.3%  solution  of  the  crystallized  salt.  (Hypodermic  injec- 
tion is  apt  to  cause  sloughing.) 

It  will  not  do  to  wait  with  the  administration  of  the  alkali  until  the 
coma  actually  sets  in,  for  it  may  then  be  too  late.  Diabetic  coma 
differs  tn  this  respect  from  the  acid-jjoisoning  in  the  rabbit.  The 
reason  is.  that  in  the  latter  the  diminished  alkalinitj;  exists  mainly 
in  the  blood,  and  may  be  readily^  influenced  by_  the  injected  alkali; 
whereas  in  diabetic  coma  the  add  is  formed  inside  the  cells,  into 
which  the  alkali  penetrates  with  more  difficulty. 

'The  aHalinily  of  Iki    61 
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4.  Oeneral  Effect  upon  MeUboliim.—  The  effeds  of  hsitr  changes 
in  the  reaction  of  body  tissues  must  be  rather  limited,  since  these  are 
so  promptly  brought  back  10  normal.  Whilst  it  cannot  be  doubted 
that  such  changes  must  have  an  influence  upon  metaiK>lism,  the  nature 
of  this-  cannot  be  stated,  because  it  is  complicated  by  the  actions  of 
these  substances  on  Ihe  alimentary  canal.  The  latter  is  different  in 
the  case  of  acids  and  alkalies.  Some  of  the  other  actions  also  require 
separate  consideration.  Organic  Acids  and  their  salts  are  rapidly 
burned  to  carbonate  after  their  absorption ;  so  that  they  act  as  acids 
only  in  the  alimentary  canal,  but  as  alkalies  after  they  are  absorbed 
(Buchheim,  1S88). 

(B)  EFFECTS  OF  DILUTE  SOLUTIONS  OF  ACIDS. 

1,  On  the  Alimentary  Canal. —  (a)   Mouth Acids  have 

a  characteristic  "  sour  "  taste,  and  are  slightly  astringent  in 
the  mouth.     This  taste  determines  their  use  as  flavors. 

The  addition  of  acid  also  makes  it  possible  to  take  much  larger  quan- 
tities of  cold  water  than  could  be  taken  without.  Thej^  are  therefore 
of  therapeutic  value  in  fevers,  when  one  wishes  to  obtain  at  the  same 
time  the  refrigerant  action  of  cold  and  the  diuretic  eflect  of  large 
quantities  of  fluid.  They  soften  the  enamel  of  the  teeth,  and  should 
therefore  be  taken  by  means  of  a  glass  tube.  They  also  reRexly  in- 
crease the  flow  of  saliva,  but  this  is  of  little  practical  importance. 

(b)  In  the  stomach  their  importance  lies  in  the  fact  that 
pepsin  cannot  act  except  in  the  presence  of  acids.  While 
any  acid  may  answer  for  this  purpose,  hydrochloric  seems  to 
be  the  best,  and  is  most  efficient  in  the  concentration  exist- 
ing in  the  gastric  secretion ;  it  also  aids  in  the  solution  of  the 
connective  tissue  of  meats ;  and  it  determines  the  antiseptic 
qualities  of  gastric  juice.' 

The  injection  of  dilute  acid  also  increases  the  motor 
activity  of  the  stomach,  and  the  secretion  of  gastric  juice. 
The  latter  effect  is  partly  reflex,  for  it  is  observed  in  Paw- 
low's  separated  stomach  (Bickel.  1905). 

(c)  Intestine. —  Acids  increase  the  flow  of  pancreatic 
juice. 

This  action  is  perhaps  partly  reflex,  but  it  has  been  shown  (Bayliss 
and  Starling,  1902)  that  the  presence  of  acid  in  the  jejunum  leads 
to  the  production  of  a  chemic  substance,  "  secretin,"  the  intravenous 
injection  of  which  stimulates  the  pancreas  to  increased  secretion. 

If  free  acid  penetrates  into  the  intestinal  canal  it  acts  as 
a  very  powerful  irritant  and  produces  increased  peristalsis. 
.Acids  given  by  the  mouth,  however,  are  usually  absorbed 
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before  passing  the  pylorus,  so  that  this  cathartic  action  is 
seen  practically  only  when  acids  are  generated  in  the  intes- 
tine itself.  There  are,  however,  certain  difficultly  soluble 
acid  salts,  such  as  potassium  bitartrate  (cream  of  tartar), 
which  are  not  dissolved  in  the  stomach,  and  which  may 
therefore  extend  their  acid  action  to  the  intestinal  canal. 
These  acid  salts  are  more  strongly  cathartic  than  ordinary 
salts  under  the  same  conditions. 

The  presence  of  free  acid  in  the  duodenum  causes  closure 
of  the  pylorus,  and  thus  opposes  the  expulsion  of  the  gas- 
tric contents. 

2.  Oe  Urine. —  Acids  are  markedly  diuretic ;  this  is  in 
part  a  salt  action,  in  part  due  to  the  H  ion.  The  urine  will 
become  more  acid  (due  to  acid  salts,  not  to  free  acids) .^ 
This  leads  to  an  increased  irritability  of  the  mucous  mem- 
branes of  the  urinary  passages,  so  that  inorganic  acids  are 
to  be  avoided  in  all  inflammatory  conditions  of  these  organs. 
They  must  also  be  avoided  where  there  is  a  tendency  to 
the  formation  of  uric  acid  calculi.  On  the  other  hand,  they 
are  indicated  with  phosphatic  calculi.  It  may  be  repeated 
that  they  increase  the  ammonia  of  the  urine  at  the  expense 
of  the  urea. 

3>  Effect*  upon  MeUbollsm. —  Outside  of  this  change  in  the  ratio 

of  ammonia  and  urea,  these  are  quite  small,  as  far  as  our  present 

means  allow   us  to  judge.    The  excretion   ot  nitrogen  seems  to  be 

pretty  constantly  slightly  increased. 

Applied  directly  to  excised  orRons, —  muscle,   nerve,  etc., —  the  result 

'   subsequent  diminution  of  function. 


4.  Therapeutic  Uses  of  BOnte  Acids. —  Their  importance 
as  flavors  and  for  the  introduction  of  cold  liquids  —  the  lat- 
ter preferably  as  lemonade  —  has  received  mention. 

The  diuretic  action  cannot  be  utilized,  since  they  are  too 
irritant. 

They  are  extremely  useful  in  cases  of  dyspepsia  in  which 
an  insufficient  amount  of  acid  is  secreted.  Hydrochloric 
and  nitro-hydrochloric  acids  are  preferred  for  this  purpose, 
and  these  act  best  when  combined  with  bitters.  They  would 
be  contraindicated  in  catarrhal  conditions,  in  which  there  is 
a  hypersecretion  of  mucus.  Even  in  normal  individuals  the 
prolonged  administration  of  large  quantities  of  acids  is  apt 
to  prove  too  irritant,  and  interferes  with  digestion.  This  is 
the  explanation  of  the  popular  use  of  vinegar  to  reduce 

'  Dunlop.  181)6. 
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obesity.  A  direct  limitation  of  diet  would  seem  a  more 
rational  means  for  this  purpose. 

The  increased  flow  of  pancreatic  juice,  and  perhaps  also 
of  bile,  which  has  been  ascribed  to  acids,  is  probably  too 
small  to  be  of  any  value. 

The  increase  of  peristalsis  produced  by  acid  salts  is  of 
considerable  importance.  It  may  be  obtained  by  cream  of 
tartar.  This  has  the  advantage  over  the  ordinary  cathartics 
in  that  smaller  doses  suffice,  nor  is  its  taste  as  disagreeable. 

Their  use  in  fevers  depends  partly  upon  the  diuresis  and 
diaphoresis  due  to  the  increased  introduction  of  liquid.  It 
is  also  claimed  that  the  alkalinity  of  the  tissues  is  raised  in 
febrile  conditions,  and  that  this  is  counteracted  by  acids. 
Phosphoric  acid  in  large  doses  ( lo  Gm.  diluted  with  300  c.  c. 
water)  is  said  to  depress  the  heart  and  slow  the  pulse,  but 
would  have  no  advantage  over  aconite  for  this  purpose. 

S.  Hateria  Medica  of  Acids. — 

(A)  Summary. 

The  small  letters  following  the  name  of  the  acid  refer  to  the  more 
detailed  description  (pp.  588  to  592).    The  numbers  refer  to  the  brief 
description  of  the  acids,  given  on  page  588.^ 
Acids  may  be  divided  into  inorganic  and  organic. 
The  inorganic  acids,  again,  into  Hydracids,  containing  the   element   in 
combination  with  hydrogen. 
Oxyacidt,  containing  oxygen. 
Anhydrids.    which    yield    true    acids 
only  after  taking  up  H|0. 

TABLE  Xril  — IMPORTANT  INORGANIC  ACIDS. 
I,  Inortanlc.     (These  are  all  soluble  in  water  or  alcohol.) 

B.P.  U.  S.  P. 

PerCtof   PerCtof      c^^if^ 
PureAcid  PureAcid       r^'V! 
byW'^t  byWght.      ^"""^ 
Acidum    Hydrochloricam    (a),    HO 

(2,  4)   (see  below) 31-79  31-9  iiS8 

u  Acidutit      Hydrqchioricum      Dilutum 

.■S      (3,  4) «^58  10.0  1.049 

^  Acidum      Hydrocyamcum     Dtlutum, 

i      HCN  (1,  4) 2.00  2.0 

^  Acidum     Hydrobromicum     Dilutum 

■^      (,b),  HBr  <i,  3.  4) 10.00  10.0  1,076 

Acidum    Hydriodicum    Dilutum,    HI 

(c)    (I,  4) 100  1106 

Syrupus  Acidi  Hydriodici.  ....  i.O  

Acidum  Hydrosulphuricum.  H,S   (i. 
4)   

'The  strong  mineral  acid)  are  incompatible  with  ofgaric  aubitanca  and  with 
each  other.     All  acids  are  incompatible  with  carbonitH  and  bicarbonatea,  Rulpfaldi 
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B.P.  U.  S.  P. 

PerCt.of  FerCt.ot  c-,-jfi- 

Pure  Add  Pure  Acid  ^^^^^^ 

by  W'ght.  by  Wght.  ^"""J^ 

Acidum  Nitricum  (d>,  HNO.  (2.  4)  ■        70.00            68.0  1.403 

Acidum  Nilricum  Dilulum  (3,4)...         17.44             100  1.054 

Acidum      Nitrohydrochloricum      (e) 

Acidum    Nitro  hydro  chloric  Htn    Diiu- 

tum  (3,  4) 

Acidum   Pkospkoricum    (f).    H.PO, 

(2,  4)   (Concentratum,  B.P.) 66.30  85.0  1.707 

Acidum  Phoiphoricum   Dilulum    (3, 

4      4>  13.80  10.0  I.0S7 

■g  Acidum  Sulphuricum  (g),  H,SO.  (a. 

?.     4)  98-00         >92.5        >i.826 

'J  Acidum    Sulphuricum    Dilulum     (3, 

^      4)   13.65  I0X>  1.067 

Acidum     Sulphuricum     Aromaticum 

(3)    "3-80  20.0  0.933 

Acidum  Hypophosphorosum,  HPHiO, 

(i,  4) 30.0  1.130 

Acidum  Hypophosphorosum  Dilutum, 

HPH^.  (I.  3.4) 10.0  1.042 

Acidum  Boricum,  HiBO,  (i.S) ■■••  ■■.■ 


Arseni  Trioxidum=:  Acidum  Arseno- 

4      sum.  A^.   (I,  5) 

"C  Chromii  Trioxidum^ Acidum  Chro- 
X      micum     (h),    CrO,     (2)     (Yellow 

■«      solid)  

■^  Acidum  Sulphurosum  (i)  SO.  (1.4).  >6.o       >i.028 

II.  Organic  Acids. 

Those  of  the  Fatty  Series  are  alone  available  for  their  acid  char- 
acter. (It  will  be  recalled  that  this  exists  only  locally,  but  disappears 
on  their  absorption.  They  are  all  soluble  in  water,  with  the  exception 
of  Oleic  and  Stearic  Acids.) 

(A)   Acids  of  the  Falty  Series. —  The  official   acids  belong  to  the 
following  cheraic  groups : 
I.  Monobasic  Acids,  CnH^  +  iCO.H. 

Acidum   Aceticum    (k),    HGH-O,    (U.S.P.,   36%;    Sp.    G., 

I.04S)   (2,  4)  [B.R,  33%]- 
Acutum    Acelicum    Dilutum    (U.S.P.,   6%;    Sp.    G.,    i.oog) 

(3,  4)    [B.P.,  4-27%]- 
Acidum  Acelicum  Glaciale,  >99%   (2,  4)    (U.S.  P.,  B.  P.); 

Sp.  G.,<  1.049. 
Acidum  Trichioraceticum,  HCCl.a  (2,  5)   (U.S.P.)    (k). 
'Acidum  Formicum  (1),  HCOiH, 
Acidum  Stearicum  (m),  HC.H.O,  (i,  2.  5)  (U.S.P.). 
a.  Dibasic  Acids,  CnH.n(CO,H),. 

Acidum  Oxalicum  (n),  H,C.O.  +  aH,0  (i,  5). 

•  Not  official. 

Study  Milcrii  Medics  Laton  45. 
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3.  Oxymonobasic  Acidt,  CnHtfi(COJI)(OH). 

Acidum  Laeticum  (o),  HCH.O.,  75%  (2,  4)  (U.S.P.,  B.P.). 

4.  Dioxydibasic  Acids,  CnH.n— ,(CO.H),(OHV 

Acidum  Tartaricum,  H.C.H.O,  (5)  (U-S.P.,  B.P.)  (r). 

5.  Oxyiribusic  Acids,  CnH,n  — .(CO.H)/>H. 

Acidum  Cilricum  (p),  H.CH,0,+  H,0  (5)  (U.S.P.,  B.P.). 

6.  Monobatie  Acrylic  Acids,  CnH.n  — ,(CO,H). 

Acidum   Oleicum    (a).   HC.iHhO.  (i,  a).     Brownish   Liauid 
(U.S.?.,  B.P.). 
(B)  The  Acids  of  the  Aromatic  Series  are  never  used  for  their  acid 
character. 

III.  Acid  Salt*. 

Potassii  Bitartras.— Cream  of  Torfor.— KHCH.Oi  Soluble  in  aoo 
parts  of  water.  Dose:  Diuretic.  1  to  3  Gm.  (15  to  45  grains)  (2  Gm. 
=  30  grs,.  U.  S.  P.) ;  purgative,  4  to  15  Gm.  (H  to  J4  ounce). 

Brief  DeKription: 

(i)  Not  used  therapeutically  as  acids. 

(2)  Used  only  externally. 

(3)  Dose:  o.i  to  i  c.c.  (i  to  15  minims).  Diluted  in  half  a  tumbler 
of  water,  best  taken  through  a  glass  tube. 

(4)  Colorless  liquid. 

(5)  Colorless  or  white  solid. 

(6)  All  the  U.  S.  P.  dilute  acids  contain  10%,  with  the  exception  of 
Aeetiee  (6%),  and  Hydrocyanic  (2%). 

(B)  Details. 

(a)  Acidum  Hydrochloricum  (Muriatic  Acid);  Prepared  by  heating 
NaCl  and  H,SO.  and  dissolving  the  gaseous  HCl  thus  formed  in  water. 
The  crude  acid  is  obtained  as  a  by-product  in  chcmic  industry.  The 
strong  acid  gives  fumes  when  brought  near  ammonia,  or  even  in  the 
air,  due  to  the  formation  of  NH.CI. 

The  commercial  acid  {strength  =  30%  lo  33%)  has  a  golden  yellow 
color  due  to  Fe  and  free  CI.  Since  it  often  contains  As,  it  should  not 
be  used  in  internal  medicine, 

Vo) Acidum  Hydrobromtcum  Diluivm:  Prepared  by  decomposing 
BaBTi  with  HjSO..  It  has  been  used  as  a  nervous  sedative,  but  its 
usefulness  as  compared  with  potassium  bromid  is  more  than  doubtful. 
The  acid  sometimes  acquires  a  yellow  color,  due  to  the  liberation  of 
Br.    It  should  not  be  employed  in  this  condition. 

{c)Acidum  Hydriodicum:  On  account  of  its  ready  decomposition  of 
the  free  air.  this  acid  is  generally  in  the  form  of  Syru/ius  Actai  Hydrto- 
did.  This  is  made  by  decomposing  KI  with  Tartaric  Acid.  The  keep- 
ing qualities  are  improved  by  the  addition  of  Potassium  Hypophosphite. 
The  syrup  keeps  better  in  direct  sunlight.  It  is  used  for  its  iodin 
rather  than  for  if  acid  quahties. 

(d)  Acidum  Nitricum:  Made  by  decomposing  NaNOi  by  HiSO. 
and  distilling  the  product. 

The  official  concentrated  acid  is  colorless,  emits  fumes  of  hyponjtrous 
acid  when  exposed  to  air,  and  acquires  a  yellow  color.  It  stains  or- 
ganic matter  yellow ;  this  is  changed  to  orange  by  alkalies. 

Important  are  also: 

*  Acidum   Nitricum    Technicum:      Commercial    Nitric    Acid    (Aqua 
fortis),  60%  to  64%. 
•  Not  oflieial. 
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Acidum  Ntlricum  Fumatu:  Almost  absolute  HNO,  saturated  with 
NO,. 

The  concentrated  acid  is  used  as  a  caustic  (glass  rod)  ;  against  hyper- 
hyilrosis  of  feet  (1  to  2  oz.  to  pail  of  water) ;  as  disinfectant  (will  cor- 
rode metal  vessels  or  pipes). 

(e)  Acidum  Nitrohydrochli 
(Aqua  Rcgia)  :  Made  by  m  „ 
45  volumes  HCl  in  an  open  vessel  and  allowing  the  mixture  to  effer- 
vesce. The  composition  is  somewhat  variable,  but  the  final  product 
contains  NOCl  and  C\,  besides  the  two  original  acids.  It  is  therefore 
a  very  powerful  solvent  and  oxidizer. 

The  dilute  acid  is  made  by  diluting  the  above  with  i'/i  volumes  of 
water.  That  of  the  British  Pharmacopceia  is  somewhat  more  dilute. 
On  account  of  the  free  chlorin,  it  may  be  supposed  to  have  a  stronger 
local  irritant  action  than  HCl.  It  is  popularly  supposed  to  "  stimulate 
the  liver,"  but  its  action  does  not  diflfer  in  kind  from  that  of  other 
acids. 

(f)  Acidum.  Phosphoricum:  Phosphoric  Anhydrid  (P.O.)  forms 
three  acids : 

P,0,-|-    H.0  =  H,P,0.  =  2(HPO.)  =  Metaphosphoric  Acid. 
P.O.  +  2H.O  =  H.P,0,  =  Pyrophosphoric    Acid. 

P,0,  +  3H,0  =  H.P,0.=2(H.PO.)=Orthophosphoric  Acid. 

The  last  is  the  one  official.    It  forms  three  series  of  salts;  thus, 

NaHiPO.,  acid  sodium  phosphate. 

NaaHPO.,  neutral  sodium  phosphate. 

NaiPOi,      basic   sodium  phosphate. 

It  is  prepared  by  burning  phosphorus,  dissolving  the  oxids  in  water, 

and  completing  the  oxidation  with  HNOi. 

Phosphoric  acid  is  said  to  be  less  detrimental  to  digestion  than  other 
actds ;  the  evidence  for  this  statement  is  rather  weak. 

(g)  Acidum  Sulphuricum: 

Preparation, —  The  commercial  ("English")  Sulphuric  Acid  is  made 
on  a  large  scale  by  burning  pyrites  (impure  iron  sulphid)  or  native 
sulphur.  The  SO,  is  oxidized  by  means  of  nitrous  fumes  produced  by 
the  action  of  concentrated  H,SO.  on  Chili  saltpeter  (NaNa).  The 
product  is  condensed  in  a  system  of  leaden  chambers  in  the  presence 
of  steam,  and  concentrated  first  in  leaden  pans  and  then  distilled  from 
glass  or  platinum  retorts. 

Characters. —  The  official  acid  is  an  oily,  colorless  liquid,  acquiring  a 
brown  color  if  exposed  to  dust.  Very  intensely  corrosive,  charring 
organic  substances.  Miscible  in  all  proportions  with  water  or  alcohol, 
with  the  evolution  of  much  heat,  (Such  mixing  must  be  done  very 
cautiously  by  slowly  pouring  the  odd  into  the  waler,  under  constant 
stirring.)  It  has  a  specific  gravity  of  1.835.  and  boils  at  338°  C,  dis- 
tilling without  decomposition. 

Uses  and  Dose.— As  other  inorganic  acids.  Very  frequently  used 
for  the  liberation  of  gases  (SOt  H.S,  etc.),  for  which  purposes  it  is 
best  diluted  with  4  volumes  of  water.  It  is  also  used  for  fillini;  the 
porous  cup  in  Daniel  batteries   (diluted  with  8  volumes  of  water). 

The  *  Commercial  Sulphuric  Acid  (Oil  of  Vitriol)  is  very  apt  to 
contain  arsenic,  and  should  not  be  employed  in  medicine. 

Aromatic  Sulphuric  Add  is  a  mixture  of  HtSO.  and  alcohol,  con- 
taining ethyl- sulphuric  acid.  It  is  doubtful  whether  it  possesses  any 
advantage  over  other  acids. 

(h)  Chromii  Trioxidum  (U,  S.  P.). —  Acid  Chromtcum:  Chromic 
Acid,    (Thromic    Anhydrid,    CrOj.    Made    by    decomposing    Potassium 

•Not  officiBl. 
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Bichromaie  with  Sulphuric  Acid  and  crystallizing:  K.Cr.0,  +  H.SO. 
=  K.SO.  +  H.0  +  zCrOk  Very  soluble  in  water ;  decomposes  all 
organic  liquids,  often  with  explosion.  Melts  at  192°  C.  Used  only  ex- 
ternally as  an  astringent  irritant  (1%  to  15%),  or  concentrated  as  a 
caustic.    Also  used  against  sweating  feet  (5%  solution). 

(i)  Acidum  Sutphurosum:  Sulphurous  Acid.  A  solution  contain- 
ing^ at  least  6.0%  of  Sulphur  Dioxid   (S0>). 

Preparation. —  Sulphuric  Acid  is  made  to  act  upon  charcoal,  and  the 
SOt  IS  dissolved  in  water.  (For  small  quantities,  extemporaneously, 
it  suffices  to  act  on  Na.SO,  with  H.SO..) 

It  must  be  kept  in  small  glass -stoppered  amber-colored  bottles. 

Character. —  Colorless  liquid  of  characteristic  odor. 

Uses. —  As  antiseptic  in  skin  and  parasitic  disease,  etc.  Against 
gastric  fermentation  i  e.  c.   (15  Hi),  diluted. 

SOi,  generated  by  the  combustion  of  sulphur,  is  a  favorite  disin- 
fectant tor  rooms. 

'Acidum  Osmicum:    OsC    Used  only  in  histology  for  fixing  tis- 

(It)    Acidum   Aceticum:     Acetic   Acid.     GH.O,H, 

Acid.  Acetic.  Glaciate:  Glacial  Acetic  Acid.  Nearly  or  quite  ab- 
solute Acetic  Acid.    Congeals  at  somewhat  below  15°  C. 

Acidum  Aceiicum:  Acetic  Acid,  of  a  strenph  of  36%  by  weight. 
This  corresponds  approximately  to  the  No.  8  acid  of  commerce. 

Acid.  Acetic.  Dil:  Dilute  Acetic  Acid,  Made  by  mixing  loO  Gm, 
of  Acetic  Acid  with  500  Gm.  of  distilled  water.  It  contams  6%  by 
weight. 

*  Acetum:  Vinegar.  A  dilute  impure  acetic  acid,  of  a  strength  of 
6%,  obtained  by  the  fermentation  of  vinous  liquors.  That  made  by 
the  "  rapid  process "  from  dilute  alcohol  is  the  one  preferred  in  med- 
ical practice,  but  those  obtained  from  wine,  cider,  etc..  are  also  em- 
ployed for  domestic  use.  Vinegar  serves  the  same  purposes  as  dilute 
acetic  acid,  but  is  inferior  to  it  in  keeping  qualities. 

*  Acetum  Pyrolignosutn:  Pyroligneous  Acid,  Wood-vinegar.  A 
product  of  the  destructive  distillation  of  wood,  containing  5%  to  7% 
Acetic  Acid,  some  Methyl-alcohol.  Acetone,  and  Tar. 

Used  externally  to  combine  the  effects  of  acetic  acid  and  tar. 
Preparation  of  pure  Acetic  Acid:     Distillation  of  Sod.  Acetate  with 
Sulphifric  Acid, 

Preparations. —  Besides  those  mentioned  above,  dilute  Acetic  Acid  is 
used  as  a  solvent  in  the  class  of  aceta. 

The  dilute  Acetic  Acid  is  also  often  flavored  with  aromatics  (Acid. 
Acet.  Aromat.,  Ph.  G.). 
Dose: 

Internally,  Ac.  Acet.  Dil. :  5  to  10  c.  c.  (3j  to  iiss). 
Externally  and  for  gargles,  dilute  i  :6  (^1%). 
Against  corns,  36%. 

In  proportion  of  1%  is  frequent  addition  to  hair  washes. 
Acidum   Trichtoraceticum:    C1CI1O3H.     Prepared  through  oxidation 
of  chloral.     Used  in  substance  or  strong  solution  as  a  caustic:   espe- 
cially against  warts;   it   is  less  painful  than   nitric  acid.     Very  soluble 
in  water,  alcohol,  and  ether. 

(I)   *  Acidum   Formieum:      Formic  Acid.  HCO.H. 
Formic  acid,  as  official  in  Germany  and  Switzerland,  contains  25% 
of  the  absolute  acid.    It  is  prepared  by  the  action  of  oxalic  acid  on 

*'^'"   ■  'Not  officiil. 
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It  is  used  only  externally  as  a  counterirritant  in  the  form  of 
*  Spiritus  Formicarum : 

I    Formic  Acid,  25% 2 

\    Alcohol    35 

I    Water    13 

(Formerly  prepared  W  macerating  ants  in  alcohol.) 

(m)  Acidum  Steancum:     Stearic  Acid,  C«H»0,  (U.  S.  P,)- 

Preparation. —  The  official  acid  is  the  ordinary  more  or  less  impure 
commercial  form,  obtained  by  the  decomposition  of  fats,  especially 
tallow,  with  acid,  either  directly  or  after  previous  saponification,  and 
se^rating  the  more  liquid  portion   (Oleic  Acid)  by  expression. 

The  solid  product  contains,  besides  stearic,  also  palmitic  and  other 
similar  fatty  acids. 

Characters. —  A  hard,  white,  odorless  and  tasteless  solid,  soluble  in 
alcohol  and  more  readily  in  ether,  melting  at  a  temperature  not  lower 
than  sis"  C. 

Vies. —  To  give  consistency  to  salves  and  cerates. 

(n)  *  Acidum  Oxalicum:     Oxalic  Acid,  C»H,0.  +  2H.O. 

Preparation. — (o)  By  the  action  of  HNOt  on  sugar  or  starch,  or 
(b)  by  fusing  sawdust  with  a  mixture  of  KOH  and  NaOH.  For 
medicinal  use  it  is  purified  by  recrystallizalion. 

Characters. —  Small,  colorless  and  odorless,  very  acid  crystals.  Sol- 
uble in  10  parts  water  or  2.5  parts  alccrfiol.    It  is  bibasic. 

Uses. —  Acts  as  a  caustic,  but  should  not  be  used,  on  account  of  its 
toxic  action  after  absorption.  It  is  mainly  of  importance  on  account, 
of  its  toxicology,  having  often  been  taken  in  mistake  for  MgSOt,  etc. 
The  chemic  antidotes  are  lime -preparations  (chalk), 

(o)  Acidum  Lacticum:     Lactic  Acid,  HCH.Oi    ^5%. 

Preparations. —  Invert  sugar  is  subjected  to  lactic  fermentation  in 
the  presence  of  zinc  oxid.  The  Kinc  lactate  thus  formed  is  decom- 
posed by  HiS,  and  the  filtered  solution  is  evaporated  to  the  required 
degree. 

Ckaraclers. —  Syrupy,  intensely  acid,  colorless,  and  odorless  liquid. 
Miscible  with  water,  alcohol,  or  ether. 

Uses. —  Caustic,  especially  for  dissolving  diphtheritic  membranes 
(l  is).     There  are  no  indications  for  its  use  internally. 

(p)   Acidum  Citricum:     Citric  Acid,  H.C:.H.O,-t-H,0   (tribasjc). 

Citric  Acid  is  widely  distributed  throughout  the  vegetable  kingdom, 
occurring  either  free  or  combined  with  K,  Ca,  or  Mg.  It  exists  in 
largest  quantity  in  acid  fruits  of  all  kinds,  usually  along  with  Malonic 
and  Tartaric  and  other  vegetable  acids. 

Lemon  juice  is '  allowed  to  ferment,  during  which  process  the 
gummy  matter  precipitates.  The  proteids  are  removed  by  boiling,  and 
the  filtered  juice  is  treated  with  chalk.  The  calcium  citrate  is  de- 
composed by  HiSOt,  and  the  citric  acid  separated  by  crystallization. 
Large  crystals.     Soluble  In  0.54  water,  1.55  alcohol. 

Lemon  juice  contains  6%  to  8%  of  the  acids, 

A  lai^e  lemon  contains  about  4  Gm. 

A  s  ;  1000  solution  makes  the  ordinary  lemonade. 

Externally  it  has  been  used  in  10%  I0  20%  solution  to  dissolve  diph- 
theritic membranes. 

An  important  use  is  against  scurvy. 

Syrupus  Acidi  Citrici,  1%.     Dose:  S  to  20  c.c.   (3j  to  iv). 

Tamarindus  (U.  S.  P.,  B.  P.),  Tamarind.— The  preserved  pulp  of 
the  fruit  of  T.  Indica,  Legmninosfe ;  India,  Africa,  and  West  Indies. 
This  owes  its  activity  to  organic  acids,  especially  citric.  It  is  used  as 
a  laxative,  in  doses  of  4  to  30  Gm.  (i  to  8  drachms). 

*  Not  ofBcial. 
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(q)  Aeidum  Oleicum:    Oleic  Acid,  CHhO.. 

Preparalion. —  An  impure  acid  made  by  separating  the  liquid  portion 
of  the  commercial  acid  after  cooling  to  s°  C.  This  commercial  acid  is 
obtained  as  a  by-product  in  the  manufacture  of  stearin  candles. 

Characters. —  A  yellowish  oily  liquid,  of  a  lard-like  odor  and  taste; 
specific  gravity,  0.^5 ;  insoluble  in  water,  soluble  in  alcohol,  ether,  and 
solvents  of  fats;  becomes  semi-solid  at  4°  C, 

Uses. —  Pharmaceutically  in  the  preparation  of  the  oleates  (see  page 
60) ;  also  in  plasters  and  soaps. 

(r)  Aeidum  Tartarkum  (U.  S.  P.,  B.  P.)  :  H.CH.Ot  Crystals  or 
white  powder,  usually  prepared  from  argol.  Soluble  in  0.71  water, 
1.67  alcohol.  Dose:  0,3  to  1.3  Gm.  (5  to  20  grs,)  (0.5  Gm.^^y'/i  grs., 
U.S.  P.). 

(C)  EFFECTS  OF  DILUTE  ALKALIES.' 

L  On  the  Alimentary   Canal (a)    Soluble   Alkalies. — 

By  virtue  of  their  salt  action  and  their  chemic  nature,  alka- 
lies will  produce  an  irritation  of  the  mucous  membrane  of 
the  stomach.  Their  local  action  cannot  extend  beyond  this 
organ,  since  they  are  neutralized.  This  irritation  will  be 
stronger  or  milder  —  and  accordingly  harmful  or  useful  — 
according  to  the  concentration  of  the  alkali  and  the  amount 
introduced.  A  mild  degree  of  irritation  leads  to  a  more 
efficient  absorption,  as  in  the  case  of  plain  salt  action.  The 
process  of  absorption  will,  in  addition,  be  favored  by  a  solu- 
tion of  the  mucus  which  forms  a  lining  to  the  walls  of  the 
viscus  —  mucin  being  more  soluble  in  alkalies.  The  activity 
of  the  pepsin  of  the  gastric  juice  will  be  reduced  by  them. 

There  has  been  considerable  discussion  as  to  the  effect  of 
alkalies  on  the  secretion  of  gastric  juice.  It  was  formerly 
claimed  that  this  is  stimulated ;  but  all  of  the  later  experi- 
ments indicate  that  it  is  rather  diminished  (Bickel.  1905). 

(b)  On  the  Intestine. —  On  the  other  hand,  they  will  re- 
duce the  acidity  of  the  chyme,  and  thus  increase  the  alka- 
linity of  the  intestine,  even  if  they  are  themselves  neutral- 
ized and  absorbed  before  reaching  the  duodenum.  In  this 
way  they  may  favor  the  emulsification  of  fats,  and  the  action 
of  the  pancreatic  ferments  if  there  is  not  sufficient  alkali  in 
the  intestine.  The  insoluble  alkalies  —  calcium  carbonate 
—  would  have  less  action  in  the  stomach  and  more  in  the 
intestine.  Alkalies  do  not  affect  the  secretion  of  bile  (Ruth- 
erford, 1879). 

(c>  It  is  evident  that  these  effects  would  offer  no  advantage  in 
normal  conditions.  Experiments  show  that  whilst  small  doses  of 
alkalies  have  no  effect   upon  the  utilization  of  food,  large  amounts 

1  The  subject   to    iSgo  ii  covered  in  ttie  work  of    Sladetminn. 
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lessen  it.  It  is  to  be  presumed  that  the  normal  amount  of  mucous 
coating  in  the  stomach  supplies  a  needed  protection ;  the  neutralization 
of  the  HCI  would  practically  end  gastric  digestion :  and  the  normal 
acidity  of  the  chyme  is  not  sufficient  to  interfere  with  intestinal  di- 
gestion, and  indeed  supplies  a  useful  stimulus  to  the  secretion  of 
pancreatic  juice.  The  neutralization  of  the  gastric  juice  also  destroys 
its  bactericidal  action.  (Indoxyl  may  be  caused  to  appear  in  large 
quantities  in  the  urine  of  a  normal  individual  by  a  liberal  administra- 
tion of  chalk.) 

(d)  But  the  facts  are  very  different  in  pathologic  condition*;  i.  «., 
when  there  is  a  hypersecretion  of  mucus  —  as  in  gastric  catarrh  —  or 
a  hyperacidity  as  the  result  of  fermentation.  The  former  may  line 
the  gastric  wall  with  a  coating  alike  impermeable  to  the  digestive 
secretions  and  products,  and  this  the  alkali  will  remove;  whilst  too 
great  a  percentage  of  free  acid  will  cause  severe  and  harmful  irrita- 
tion and  interference  with  the  action  of  ferments. 

2.  Effeots  upon  the  Seoretioa  of  TTrine The  secretion 

of  urine  is  increased  by  all  alkalies.  This  is  due  partly  to 
the  salt  action,  which  is  especially  large  since  the  alkalies 
possess  a  conspicuous  penetrating  power.  In  addition,  one 
must  also  assume  an  ion  irritation. 

Precisely  the  same  effect  can  be  secured  by  the  adminis- 
tration of  salts  of  the  organic  acids,  especially  citrates  or 
acetates,  and  this  without  causing  any  gastric  disturbance, 
which  latter  may  interfere  with  the  administration  of  alka- 
lies. The  acetates  are  preferred,  since  they  are  the  least 
cathartic  of  these  organic  salts. 

The  diuresis  also  increases  the  absolute  amount  of  all  salts 
excreted,  although  their  percentage  is,  of  course,  lessened. 
The  alkalinity  of  the  urine  is  increased  by  an  excess  of  basic 
salts.  The  urine  is,  in  consequence,  less  irritating  to  the 
mucous  membranes  with  which  it  comes  in  contact,  and,  at 
the  same  time,  it  is  mildly  stimulant. 

To  secure  this  alkalinity  7  Gm.  of  sodium  carbonate  or 
15  Gm.  of  sodium  acetate  or  citrate  are  required  per  day. 

3.  Effects  upon  Metabolism; —  On  account  of  the  impor- 
tance of  the  alkaline  reaction  of  the  tissues  for  their  func- 
tions, it  might  be  expected  that  any  modification  of  this  alka- 
linity would  profoundly  modify  the  general  metabolism. 

It  is  known  that  alkalies  favor  oxidation;  and  it  has  been  found 
that  they  lead  to  an  increased  oxygen  consumption  and  COi  excretion 
(Lehmann,  1884).  This  effect  is  not,  however,  very  large  —  probably 
because  the  alterations  in  the  reaction  of  the  body  are  never  very 
great.  Experiments  made  to  determine  the  effect  on  nitrogen  metabol- 
ism have  given  somewhat  variable  results,  and  these  were  certainly 
not  greater  than  might  be  expected  from  the  pure  salt  action,  or  from 
the  mterfer?nce  with  digestion  which  would  result  from  large  doses. 
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(Doses  as  large  as  13  Gm.  sodium  carbonate,  20  Gm.  of  sodium  bi- 
carbonate, or  40  Gm.  sodium  citrate  do  not  influence  the  total  nitn^en 


The  proportion  of  Ike  urea-mtrogen  is  increased  at  the  expense  of 
the  ammonia. 

As  to  any  increase  or  decrease  of  uric  acid,  this  has  not  at  the  present 
time  been  sufficiently  demonstrated.  The  effect  upon  carbon  metab- 
olism is  equally  small  and  uncertain. 

The  benefit  of  cHric  acid  in  scurvy  \s  purely  an  empirical  result,  for 
which  there  is  at  present  no  explanation. 

Increase  of  alkalinity   is   said  to   heighten   the   bactericidai  power  of 

4.  Effect  on  Hdohs. —  Mucin  is  more  soluble  in  alkaline 
media,  so  that  the  alkalies  dissolve  any  accumulations  of 
mucus  or  render  them  more  fluid.  At  the  same  time  they 
increase  mucus-secretion  through  an  irritant  and  ion  action. 

5.  The  application  of  alkalies  to  iMlated  organs,  muscles, 
nerves,  etc.,  usually  results  at  first  in  an  increase  and  then 
in  a  diminution  of  function.  The  addition  of  alkalies  to  the 
infused  saline  solution  appears  to  aid  in  sustaining  the  blood 
pressure  after  hemorrhage  (see  page  181). 

6.  Tberapentio  Uses  of  Alkalies. —  (■)  Digestion. —  In 
catarrhal  conditions  alkalies  would  be  useful  throughout 
the  alimentary  canal  by  dissolving  the  mucus  which  lessens 
the  permeability  of  the  walls  of  these  organs,  preventing  at 
once  the  pouring  out  of  digestive  juices  and  the  absorption 
of  the  digestive  products.  It  forms  a  similar  impermeable 
coating  about  the  masses  of  food.  Further,  the  mere  pres- 
ence of  a  large  amount  of  indigestible  material  —  and  tena- 
cious mucus  must  be  regarded  as  such  —  is  in  itself  irri- 
tating. 

In  addition  to  this  solution  of  mucus,  the  alkalies  may 
be  useful  in  counteracting  the  irritant  effects  of  excessive 
acidity.  The  amount  of  acid  normally  present  in  the  ali- 
mentary canal  must  be  considered  as  the  best  condition  for 
it,  and  varies  quite  widely  in  different  individuals.  A  slight 
temporary  increase  in  this  is  of  no  importance,  and  is  used 
up  by  the  proteids  of  the  food.  But  if  the  acidity,  espe- 
cially of  the  intestine,  is  kept  permanently  high,  a  chronic 
irritation  is  set  up,  and  leads  to  gastrointestinal  catarrh. 
Such  a  permanent  increase  of  the  acidity  may  be  caused  by 
acid  articles  of  diet  —  e.  g.,  sour  wines,  etc. —  or  it  may  be 
the  result  of  fermentative  processes.  A  rather  rapid  forma- 
tion of  acids  is  partly  responsible  for  the  summer  diarrhea 
of  infants. 
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When  the  acid  is  introduced  from  without,  the  principal 
indication  is,  of  course,  to  put  a  stop  to  its  introduction ;  if 
it  is  formed  in  the  intestine,  to  neutralize  the  already- formed 
acid  and  to  remove  the  means  of  its  formation,  so  as  to  pre- 
vent its  recurrence. 

If  the  hyperacidity  is  in  the  stontach,  it  may  be  neutral- 
ized by  any  of  the  soluble  alkalies,  sodium  bicarbonate  being 
the  most  useful.  If  it  is  in  the  intestine,  the  soluble  alkalies 
will  not  be  advisable,  because  they  are  neutralized  or  ab- 
sorbed before  reaching  the  place  where  their  action  is  de- 
sired. In  this  case  the  insoluble  alkaline  earths  or  their 
carbonates  or  bismuth  are  given.  If  neutralization  without 
catharsis  is  required,  calcium  salts  in  the  form  of  lime-water, 
chalk,  or  calcium  phosphate  would  be  employed.  If  the 
cathartic  action  is  also  desirable,  magnesium,  as  the  oxid 
or  carbonate,  may  be  used.  Catharsis  may  also  be  obtained 
by  the  addition  of  vegetable  cathartics,  such  as  rhubarb  or 
senna.  A  part  of  the  beneficial  action  of  bicarbonate  may 
also  be  due  to  the  mild  motor  irritation. 

(b)  Urine. —  The  diuretic  action  of  alkalies  is  one  which 
is  very  frequently  employed.  As  has  been  pointed  out,  this 
is  best  secured  by  acetates,  to  avoid  the  local  action  of  free 
alkalies  on  the  alimentary  canal.  The  increased  alkalinity 
of  the  urine  is  useful  in  inflatmnatory  conditions  of  the 
urinary  passages,  in  which  the  acid  urine  acts  as  an  irritant. 
The  increased  alkalinity  has  also  caused  the  use  of  alkalies 
in  gravel,  on  the  theory  that  they  dissolve  the  uric-acid 
calculi. 

This  use  is  based  on  the  fact  that,  in  the  test-tube,  free  alkalies  and 
their  carbonates  dissolve  uric  acid  quite  readily. 

The  conditions  are,  however,  quite  different  in  the  body.  Alkahes 
arc  not  excreted  as  such,  nor  as  carbonates.  TTiey  cannot,  therefore, 
convert  free  uric  acid  into  soluble  alkaline  urates,  but  at  most  into 
acid  urates  which  are  almost  as  insoluble  as  uric  acid  itself.  It  would 
be  absolutely  impossible  to  effect  in  this  way  the  solution  of  even  very 
small  calculi.  At  the  same  time,  since  the  urine  is  less  acid,  the  pre- 
cipitation of  phosphates  will  be  favored,  and  this  may  increa*se  the 
size  of  the  stone.  Lithium  urate  is  especially  soluble  (Lipowitz, 
1841),  and  the  lithium  carbonate  was  used  against  calculi  as  early  as 
1844  (Ure).  But,  as  previously  remarked,  this  solubility  does  not 
apply  to  the  urine. 

In  some  cases,  however,  alkali  may  be  useful  in  reducing 
the  acidity  of  the  urine,  and  thus  preventing  further  in- 
crease in  the  size  of  the  stone.     In  several  instances  it  has 
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been  observed  that  it  caused  the  breaking  up  of  large  stones 
into  small  fragments.  This  cannot  be  attributed  to  a  solu- 
tion of  the  uric  acid.  The  explanation  is  that  probably  the 
calculi  were  composed  originally  of  small  fragments  glued 
together  by  mucus,  and  that  the  alkalies  caused  the  solution 
of  the  latter. 

Alkalies  will  also  be  useful  in  these  conditions  by  lessen- 
ing the  irritability  of  the  urinary  passages.  If  alkalies  are 
given  at  all  for  this  purpose  they  should  be  in  the  form  of 
acetates  or  citrates  of  potassium,  since  this  metal  forms  more 
soluble  urates  than  does  sodium. 

Certain  organic  baiei,  which  are  excreted  in  large  part  unchanged 

by  the  urine,  are  superior  to  the  inorganic  alkalies  as  urate  solvents, 
fonning  compounds  (even  when  uric  acid  is  present  in  excess) 
which  are  much  more  soluble  than  lithium  urate.  This  does  not 
occur,  however,  if  sodium  salts  are  present,'  so  that  there  can  be  no 
solution  of  uric  acid  in  the  body  or  urine.  Nevertheless,  these  bases 
have  been  extensively  used  for  the  treatment  of  lithiasis,  gout,  chronic 
rheumatism,  arthritis  deformans,  etc.  The  results  are  no  greater 
than  could  be  expected  from  the  diuretic  action  of  these  compounds. 
The  only  rational  use  is  in  the  irrigation  of  the  bladder  for  vesical 
calculi,  when  the  sodium  salts  would  not  be  present.  A  i  to  5% 
solution  of  piperazin  may  be  used   for  this  purpose. 

The  most  used  of  these  organic  bases  is  dicthylen-diamin.  belter 
known  as  Plp«razln  [(GH.).=  N  — N  =  H,].  Although  it  is  quite 
alkaline,  it  is  not  irritant,  nor  toxic.  Its  quinate  has  also  been  em- 
ployed, under  the  name  of  sidonal.  since  it  was  believed  that  quinic 
acid  prevents  the  formation  of  uric  acid,  or  converts  it  into  hiti)uric 
acid.  This  statement  is  now  denied  (see  Index).  The  quinate  of 
lithium.  "  urosin,"  has  also  been  used.  The  tartrate  of  dimethyl- 
piperazin,  "  lycelol,"  has  some  advantage  over  piperazin,  in  that  it  is 
non -hygroscopic,  and  more  diuretic.  The  hydrochlorate  of  ethylen- 
ethenyl-diamin,  "  Lysidin,"  is  more  solvent  tlian  piperazin.  The  base 
Elhylen-diamin,  CiH.=  (NH.)i,  dissolves  coagulated  proteids,  and  has 
been  used  for  dissolving  false  membranes.  The  solvent  action  of  uro- 
tropin  has  been  discussed  previously. 

There  appears  to  be  still  less  reason  to  accept  any  solvent 
action  of  alkalies  on  uric-acid  deposits  in  the  tissues,  al- 
though the  alkalies,  and  especially  lithium,  are  still  exten- 
sively used  on  this  theory  in  the  treatment  of  gout.  Others 
have  attempted  to  explain  their  effects  by  assuming  that 
they  cause  an  increased  oxidation  of  urates  into  urea.  This 
also  cannot  be  considered  as  demonstrated.  Their  employ- 
ment would,  therefore,  be  entirely  empirical.  The  main 
reliance  in  the  treatment  of  gout  must  still  be  placed  upon 
proper  diet  and  hygiene.     Clinically,  however,  the  alkalies 
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are  generally  considered  useful,  especially  in  chronic  rheu- 
matism. 

Their  employment  in  diabetic  coma  has  already  been  dis- 
cussed. They  are  also  employed  against  obesity,  their  ef- 
fects being  probably  explained,  like  those  of  acid,  by  the 
derangement  of  digestion. 

(c)  Mucus. —  The  solution  of  mucus  by  alkali  is  of  use 
not  only  in  the  intestinal  canal,  but  in  other  situations.  It 
is  used  in  this  way  as  an  expectorant.  It  has  also  been 
used  in  catarrhal  dysentery  (enemata  of  i  :  500  sodium 
bicarbonate).  The  false  membranes  of  diphtheria,  croup, 
etc.,  are  also  composed  largely  of  mucus,  and  may  be  broken 
down  by  alkalies.  They  are  best  employed  in  this  case  in 
the  form  of  a  steam  saturated  with  lime-water,  commonly 
prepared  by  inhaling  the  vapors  produced  by  slaking  lime 
in  the  sick-room. 


Alkaliei 


I.   MATERIA  MEDICA  OF  ALKALIES. 
ire  incompalibU  wiih  acids,  metals,  and  alkaloids. 


HYDROXIDS  AND  OXIDS, 

One  Part  is 
Soluble  in 
Water.  Aicobou 
Sodii     Hydroxidunt      (U.  S.  P.),     NaOH. 
White  pencils  or  crusts;  used  as  caustic. 

2%  sol.  on  skin i.         very  sol. 

Potasjii  Hydroxidvm'] 
(U.S.  P.)  I   KOH;  as  the  pre- 

Patassa  Caustica  I       ceding  a*  3. 

(B.  P.)  J 

*Poliusa    cum     Cake     (Vienna     Paste); 

Cahr   (V.  S.  P.; '  B.'pV.  ' '  Cad  '  Quick-lime. 

Caustic  (paste)   760        insol. 

Calx  H^drola   iB.P.).    Ca(OH)^    Caustic     

Magneiti  Oxidum  ) 

(U.  S,  P)  f  See  Index    

(da)  DiiiuSoff) 

SOLUTIONS  OF  HYDROXIDS. 

Liquor   Sodii   Hydroxidi    (U.  S.  P.)  ;    5%; 

Liauor   Sodii  " Ethyialis    (B.  P.) :    18%    oif 

C^iHiONa  in  absolute  alcihol;  caustic 

Liquor  Polassii  Hydroxidi  1 

(U.S.?.)  [s%:  caustic,  I  c.c. 

Liquor  Potassa  (B,  P.)       ) 
Liquor  Colds  (U.S.  P.,  B.  P.),     Saturated 

(0,14%)     16  c. 


Av.  Dose 
(U.S.  P.) 
(Well 
diluted) 
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One  Pabt  is      Atr.p« 
Soluble  ik        'y,-*V 


Water.  Alcohol. 


Spiritus  Aimnonite  (U.  S.  P.), 


(U.S.  P..    BR),    10%. 


Spiritut  Ammonia  Aromaticut  (U,  S.  P., 
B.  P.),  ammonia  and  amnion. -carbon 

LtMimentum  Ammonia  (U.  S.  P.,  B.  P.), 
35%  ammonia  water  in  cottonseed  oil...     . 

CARBONATES. 

Polassii  Carbonat  (U.S.  P..  B.P.).  KJZO*. 

For  baths,  100  Gm. ;  for  skin,  1.5% 

Sodii   Carbanas  Monokydratut    (U.  S.  P.). 

Na,CO,  +  H,0    

Sodii  Carbonat  (B.  P.).  Na,C0,+ ioH,0. 


0.15  G» 

foibatb. 
for*.. 


Ammonii  Carbonas  (U.  S,  P.,  B.  P.), 
Magnesii  "Ca^bonas  '  [v'S.  P.', '  B.'p!).' ' 
Calcii  Carbonas.     See   Index 


BICARBONATES. 
B.  P.). 


Sodii  Bicarbonas 
NaHCO.  (a6  to 
8TS.)    


Sodii     Bicarbonatis     (U.  S.  P., 


3.  aim.      a  Cta.— 

insoL       jogn. 

1.  tnsol.     I  Gm  — 

each  0.18  Gin.=3  ^ 


SOAPS. 

Castile     or     Vtniet     Soap.    Prqtaml 
from    NaOH    and    olive    oil.    Enters  inw 
^    Emplaslrum  and  LinimentMm  Sapo^. 
Sapo  AnimaUs  (B.P.).— From  NaOH  and  animal  fat. 
Sapo  Mollis  (U.S.P.,  ■6.9.).—  Sofl  5"oaf.— Made  from  KOH  f^ 
linseed  oil. 

Soaps  are  soluble  in 


p  ^  (■  While 


r  and  alcohol. 


Study  Man 


a  Medica  Lcuon  46. 
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MINERAL   WATERS. 


OTHER  ALKALIES. 
See  Index  for  borates,  acetates,  citrates,  and 

SO-CALLED  URATE  SOLVENTS. 

*Piperasin. — White  lustroup,  almost  tasteless,  crystals,  deliquescent, 
readily  soluble  in  water  or  alcohol.  Administered  in  dilute  solution, 
I  Gm.   (15  grains)  per  day. 

'Sidonal. —  White  tasteless  powder,  readily  soluble  in  water  or  alco- 
hol.   Dose:  i  to  2  Gm.   (15  to  30  grains),  in  dilute  solutions. 

*  Urosin   (Lithium  quinate). —  Dose:  0.5  Gm.   {8  grains). 

•  Lycetol— White  powder,  of  slightly  acidulous  taste;  non-hygro- 
Bcopic.     Dose:  i  to  2  Gm.   (15  to  30  grains),  in  water. 

'Lyiidin. —  Very  hygroscopic,  marketed  as  50%  aqueous  solution. 
Dote:   I  to  5  Gm.   (iS  to  75  grains)   per  day,  largely  diluted. 

(D)  CARBONIC  ACID  IN  SOLUTION  (CARBONATED 
DRINKS). 

These  have  primarily  an  acid  action,  but  occupy  a  somewhat  peculiar 
position.  In  the  first  place,  COi  penetrates  very  readily  on  account 
of  its  volatility.  Unlike  other  acids,  the  activity  of  carbonic  acid  is 
not  destroyed  by  neutralization.  When  absorbed  it  is  fixed  in  the 
form  of  sodium  bicarbonate,  which  is  dissociated  so  readily  that  it  acts 
both  as  acid  and  alkali.  For  this  reason  the  action  of  carbonic  acid  is  at 
once  extensive  and  mild.  Taken  by  the  mouth  it  increases  the  ab- 
sorption of  food  and  especially  of  liquids.  In  this  way  it  is  of  very 
great  benefit  in  fevers.  It  has  also  a  somewhat  specific  effect  in 
diminishing  vomiting.  On  account  of  the  stimulation  of  the  sensory 
nerves  of  the  mucous  membranes  with  which  it  comes  into  contact, 
it  is  a  general  reflex  stimulant  (Quincke   {1877). 

(E)  MINERAL  WATERS. 

These  will  be  discussed  more  in  detail  in  other  places,  according  to 
their  ingredients,  but  the  whole  subject  may  be  very  briefly  summarized 
in  the  following  compilation : 

The  action  of  natural  mineral  waters  has  been  known  empirically 
since  remote  times.  Their  use  came  about  probably  by  accidental  ob- 
servation and  also  through  the  marked  taste  which  they  possess.    ■ 

Spring  and  Artificial  Mineral  Waters. —  A  very  striking  observa- 
tion was  early  made,  namely,  that  these  mineral  waters,  when  used 
at  their  source,  appear  to  be  more  effectual  than  artificial  compounds 
of  practically  the  same  composition,  or  even  than  the  same  water  when 
used  at  a  distance. 

The  most  diverse  explanations  for  this  have  been  advanced.  Espe- 
cially in  the  case  of  thermal  waters,  so-called  lelluria!  forces,  some 
mysterious  property  imparted  to  them  by  the  earth,  have  been  invoked. 
Since  the  discovery  of  radium,  it  has  been  found  that  some  mineral 
waters  are  slightly  radioactive,  and  this  has  been  used  to  explain  their 
action :  but  this  is  not  at  all  demonstrated,  and  is  doubted  by  most 
authorities.  Others,  again,  have  laid  great  stress  upon  the  presence 
of  minimal  traces  of  rare  elements,  somewhat  upon  the  homeopathic 
principle.    Still  others  believe  that  the  artificial  waters  — even  if  they 
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contain  the  same  elements  in  the  same  proportion  —  do  not  contain 
them  in  the  same  stale  of  combination ;  for  instance,  that  the  artificial 
water  would  contain  NaCl  and  MgSOi,  the  natural  water  MgCli  and 
NatSOi.  This  is,  of  course,  contrary  to  the  demonstrated  facts ;  all 
solutions  containing-  the  same  proportions  of  the  same  ions,  will 
have  these  ions  present  in  the  same  state  of  combination,  no  matter 
what  particular  salts  were  used  to  introduce  these  ions.  There  is  noth- 
ing in  any  of  these  theories.  Mineral  waters  are  simply  solutions  of 
the  ingredients  of  the  soil,  and  possess  only  the  action  of  those  ingre- 
dients which  are  present  in  notable  amount. 

The  difference  between  the  water  of  natural  sources  and  the  artificial 
solutions  rests  upon  other  causes,  which  are  sufficiently  easy  to  appre- 
ciate, but  difficult  to  reproduce. 

These  factors  refer  largely  to  hygiene  and  climate,  A  large  propor- 
tion of  the  effects  must  be  attributed  to  the  rest,  the  freedom  from 
care  and  business  pursuits,  the  exhilarating  effect  of  improved  hy- 
gienic, atmospheric,  and  scenic  conditions,  better  regulation  of  all  the 
habits,  of  diet,  exercise,  etc.  The  mere  drinking  of  large  quantities 
of  fluid  is  also  something  which  it  is  ditficult  to  enforce  at  home,  but 
which  the  patient  does  regularly  in  watering-places.  Added  to  these 
comes  finally  the  specific  action  of  the  dissolved  salts. 

The  effect  of  mineral  baths  is  purely  local  and  reflex.  There  is  no 
absorption  of  the  dissolved  salts  through  the  skin.  The  effects  are  in 
general  the  same  as  with  hydrotherapeuty,  excepting  that  they  are 
somewhat  stronger. 

The  waters  of  mineral  springs  vary  in  temperature;  those  below 
aS"  C.  are  called  cold;  25  lo  37.5°,  warm;  above  this,  hot.  The 
higher  temperatures  favor  absorption,  and  are  therefore  more  favorable 
for  alkaline  waters;  cold  causes  motor  stimulation  of  the  alimentary 
tract,  and  is  preferred  for  cathartics. 

The  molecular  concentration  of  mineral  waters  varies  consider- 
ably; the  depression  of  freezing  point  is  1,0150  for  Hunyadi  and 
Apenia ;  0.320  tor  Vichy ;  o.z?S  for  Carlsbad :  0240  for  Apollinaris ; 
etc.  {Kosikewici,  i8go). 

Clasiiflcatlon. —  These  waters  are  usually  classified  according  to 
■      '      '        Various  classifications  are  current.    The  following 

1.  Plain  Saline   (NaCl). 

((a)   Plain. 

2.  Carbonated:  \  (b)   Alkaline    (NaHCO.). 

(  (c)  Sahne  (Na,SO.). 

3.  'Magnesia. 

4.  Sulphur. 

5.  Chalybeate. 

Occasional    constituents    of   small    importance    are    Ca,    I,    Br,    Li, 

The  physiologic  effects  of  the  majority  of  these  constituents  will  be 
discussed  under  their  respective  headings,  and  will  only  be  very  briefly 
alluded  to  in  this  place.  It  will  also  be  impossible  to  take  up  the  com- 
position and  special  indications  of  the  different  mineral  waters,  in 
anything  like  an  exhaustive  manner.  It  will  be  necessary  to  illustrate 
these  classes  on  only  a  few  well-known  waters.  It  need  scarcely  be 
mentioned  that  the  above  classification  is  not  an  absolutely  sharp  one, 
but  that  many  mineral  waters  belong  partly  to  several  classes. 

1.  Plain  Saline  Waters — These  are  used  mainly  exter- 
nally for  baths.     The  most  typical  is  sea-water. 
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The  composition  of  this  is  somewhat  different  in  different  oceans. 
In  the  English  channel  it  is  as  follows : 
1,000  parts  by  weight  contain: 

NaCl    27.0 

KCl    0.7s 

MgCI,  3.7 

MgBr     0.027 

MgSO.    2,3 

CaSO.   14 

CaCO,   0.03 

lodids,  etc traces. 

The  freezing  point  of  sea  water  is;  —2.29°  C  at  Naples  (Bottaz- 
zi,  1897)  ;  —  1.90°  at  Pacific  Grove,  California;  and  — 1.&°  at  Wood's 
Hole,  Massachusetts  (Garrey,  1905). 

Artificial  sea-baths  may  be  made  by  dissolving  4%  of 
sea  or  rock  salt  in  water. 

Some  of  the  important  saline  sources  are  the  following : 

Per  1,000; 

Fixed  Salts.      NaQ.    Temperature  (C). 

Kissingen'    15  11  18.5° 

Baden-Baden  28  21  18.5° 

Nauheim    30  25  33.0' 

American:    Saratoga  Congress,  New  York,  approaches  Kissingen. 

2.  Carbonated  Waten —  (a)   Plain In  these  the  COj 

is  the  main  constituent.  This  aids  digestion,  and  these 
waters  are  used  mainly  as  plain  table  waters.  The  most 
used  is  the  artificial  soda-water. 

An  example  of  a  natural  carbonated  water  is  Apollinaris : 

Per  ifioo  Gm.: 

NaHCO,.  NaCl.  Na.SO..  COn.  Temp. 


(b)  Alkaline. —  These  contain  a  notable  amount  of 
NaHCO;,.  They  have  the  alkaline  effects  and  are  therefore 
useful  in  gastric  catarrh,  hyperacidity,  hypersecretion  of 
mucus,  and  as  diuretics,  in  obesity,  gout,  urate  stones,  and 
diabetes.  They  are  most  useful  when  taken  hot  and  drimk 
very  slowly,  since  in  this  way  they  cause  the  least  irritation 
in  the  stomach. 

'FurmHla  for  ArliSciat  Kitaingtn  (N.  F.); 

PolsMium  Chlorid    17 

Sodium    Chlorid    33? 

Maimesiuni   SulphMe    "« 

Sodium    Bicarbonate    107 

Twenty-tour    Drains  of  ihia   [o   fi  ounces   of   waier   fhalf   a  (easpoonful    10  a. 
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(c)  Alkaline  Saline  Waters. —  These  waters  usually  con- 
tain in  addition  some  NajSO,.  The  indications  for  use  are 
the  same  as  for  the  preceding.  The  cold  waters  contain 
more  COj  (Marienbad  and  Franzenbad),  The  hot  alkaline 
waters  are  very  numerous.  The  following  may  be  taken  as 
examples : 

European  Carbonated  Alkaline  Waters,  per  ijooo: 

NaHCfV  Free  CO^     NaCI.    Na,SO,.     Tbmp. 

Vichy'    5.0  500  0,2  40' 

Ems    2.0  500  i.o  ,,  40° 

Sellers    1.2  i.aoo  2.3  --  cold. 

Spa,  Pynnont,  Wiesbaden. 
American:    Saratoga  Sellers,  Saratoga  Vichy,  Swe«t  Springs  of  Vir- 
ginia, Gettysburg,  etc 

(<J)  Of  the  Carbonated  saline  waters  the  most  representa- 
tive is  the  Carlsbad.     The  formula  for  the  artificial  salt  is : 

K.SO.  0.12 

Na,SO 2.6« 

NaHCO.    3.16 

NaQ    1.08 

6.00  Gin. 

This  quantity  (a  teaspoonful)  is  the  proper  amount  for  a 
liter  (quart)  of  water. 

3.  Ibgrnesis  Water* — These  contain  MgSO,,  NajSO*, 
CaSO^,  MgClj,  but  no  CO,.  They  are  useful  as  cathartics. 
If  they  contain  CaCOj.  the  alkaline  action  extends  deeper 
into  the  intestine  than  in  the  case  of  NaHCOj. 

European,  in  i/ooo  Cm.: 

MgSO..     Na,SO..   CaSO..    NaCI.     MgCU 
Hutiyadi  Janos  . .  22.3  22.5  . .  1.3 

Seidlitz    13.S  ...  1.4  0.4 

Epsom  and  Fried richshall  belong  to  the  same  class. 
American:    Crab  Orchard,  Kentucky,  and  Bedford  Springs,  Pennsyl- 

4.  Snlphnr  Waters, —  These  contain  free  H3S  and  sul- 
phids.     Externally  they  stimulate  the  skin  and  soften  the 

'FontiBio  for  ArilScial  yichy   (N.  F.): 

Sodium    BicaibmiBlc    g4(ka  Cm. 

Po(a)9iuni    Carbonate    sS.;     " 

MiBonium    Su1ph»;e    jg.?     " 

Soimnx   Chlorid    77-0    " 

Fourteen  gniaa  to  6  ounces  of  water   (%    leaipoonful  to  *  lutnblcr)   It  tbe 
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epidermis;  internally  they  act  as  cathartics.  They  have 
considerable  reputation  in  the  treatment  of  chronic  rheuma- 
tism. Some  examples  are :  Aix-Ia-Chapelle,  Harrogate, 
Virginia  Sulphur  Springs.  The  following  will  give  an  idea 
of  their  composition : 

/h  ifloo  Gm.  .■ 

Free  H.S.      Na.SOi        NaCI,        Temp. 
Aix-les-Bains   aooj  0.092  0,030  44' 

S.  Chalybeate  Waters. —  These  contain  Fe,  usually  as 
bicarbonate,  also  NaCl  and  NaaS04.  The  amount  of  iron 
is  from  o.oi  to  0.12  of  FeO  per  liter.  The  most  famous 
springs  are :  Tunbridge  and  Brighton  in  England ;  Pyrmont, 
Wiesbaden,  and  Spa  on  the  Continent ;  Bedford,  Pittsburg, 
Brandywine,  and  several  Virginia  springs,  in  the  United 
States. 

(F)  CLIMATE. 

This  is  of  such  great  importance  in  the  action  of  mineral  waters 
that  it  may  be  discussed  in  this  place.  Only  the  roughest  sketch  can 
be  given,  and  the  student  must  refer  to  larger  text-boolcs  for  further 
description. 

The  principal  elements  which  enter  into  the  climate  are 
the  following: 

'Purity.* 

Density  (Altitude). 

1.  Air;-  Moisture. 

Temperature. 
Special  Constituents.' 

2.  Sunlight. 

3.  Water,  Purity  of. 

4.  Conditions  of  Life  —  comfort,  hygiene,  rest,  diversion, 
pleasant  surroundings,  out-of-door  life,  etc. 

The  subiect  of  climatology  is  very  largely  empirical.  The  work 
which  has  been  done  on  the  effect  of  the  different  climates  upon  metab- 
olism, nutrition,  etc.,  is  as  yet  too  limited  to  be  of  great  value. 

'Purity:  Thb  refers  especially  to  the  abHnce  of  bacteria,  but  other  fined 
impurities  may  alao  he  of  importincei  i.  1..  the  cauMlion  of  hay-fe»er  hy  pollen. 
In  cities,  vinoni  ehemic  frases  may  alto  be  deletenoui  impurities. 

'0(  such  Bpedsl  constilaeon.  the  aromatic  oils  given  off  by  needle-tns  may 
be  of  considerable  value  ai  antiseptics  in  phlhisii.  The  presence  of  oione.  it 
"     "        '  - ---yea   mainly   to    indieste   the    general   pontjr   of   the 
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The  principal  climates  used  in  therapeutics  are: 

1.  Sea. 

2.  Dry  and  Warm, 

3.  Elevated. 

1.  Sea  Climate  (Inolndinf^  Islands  and  Sea  Voya^) — The 
important  effects  of  this  are  related  to  constant  tempera- 
ture, humidity,  and  purity  of  the  atmosphere,  and  to  gen- 
eral surrounding  conditions. 

This  cHmate,  being  very  restful,  is  especially  useful  in 
cases  of  overwork.  The  freedom  from  atmospheric  im- 
purities also  renders  it  valuable  in  hay-fever  and  phthisis. 

2.  Dry  and  warm  elimate,  such  as  in  deserts  and  Egypt, 
southwestern  Texas,  inland  Southern  California,  or  in  the 
pine  sections  of  Georgia  and  the  Carolinas. 

The  special  advantage  of  this  climate  consists  in  its  per- 
mitting outdoor  life  in  winter.  It  is  peculiarly  valuable  in 
lung  disorders  which  do  not  stand  a  northern  temperature. 

3.  Elevated  Climates, —  These  are  generally  aseptic,  and 
the  air  is  cool  and  dry.  What  importance  can  be  given  to 
the  rarefaction  of  the  atmosphere  is  not  at  present  clear, 
still  less  the  manner  in  which  this  acts. 

The  rate  of  the  heart  and  respiration  is  at  first  increased,  but  later  it 
returns  lo  normal. 

The  quaniily  of  urine  is  increased,  as  also  the  gaseous  metabolism 
and  respiratory  ijuoiient.  The  nitrogen  excretion  is  diminished  (Jac- 
quel  and  Stahelin,  1901).  The  blood  becomes  rapidly  more  concen- 
trated in  corpuscles,  and  the  serum  in  proteids.  The  absolute  amount 
of  corpuscles  and  of  hemoglobin  is  not,  however,  much  increased  at 
first,  btit  notably  so  later  (Jacquet,  1904). 

These  climates  cause  improvement  in  a  number  of  con- 
ditions, probably  in  part  due  to  a  greater  exercise  of  the 
organs  from  climbing,  etc.  They  are  useful  in  dyspepsia, 
anemia,  chlorosis,  insomnia,  asthma,  and  consumption. 

High  climates  are  unfavorable  to  feeble  conditions  of  the 
heart  and  vessels,  which  cases  should  be  sent  to  the  sea- 
shore. 
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CHAPTER  XXVn. 

SYSTEMIC  (ION)  ACTION  OF  METALLIC 
SALTS.' 

I.  ABSORPTION,  ETC. 

Absorbable  and  ITon-abiorbable  Hetalt. —  In  the  case  of 
metals  one  must  distinguish  between  the  local  and  remote 
actions.  Every  metallic  salt  has  a  local  action ;  in  addition, 
every  metallic  salt  which  is  dissociable  into  ions  has  a  toxic 
action  if  it  is  introduced  into  the  circulation.  It  does  not 
matter  whether  the  metal  is  arsenic  or  iron ;  even  the  degree 
of  the  toxicity  is  practically  the  same  in  both  cases  if  they 
are  actually  introduced  into  the  body.  (The  alimentary 
canal  is  not.  in  this  sense,  "  within  the  body.")  The  main 
difference  between  the  two  metals  consists  in  the  fact  that 
arsenic  is  easily  absorbed,  while  iron,  like  most  other  metals, 
is  not.'  Arsenic,  mercury,  and  uranium  are  the  only  metals 
the  absorption  of  which  is  of  an  extent  sufficient  to  cause 
acute  poisoning  with  non-corrosive  doses.  Phosphorus, 
which  behaves  pharmacologically  in  many  respects  like 
metals,  is  absorbed  still  more  readily.  Certain  other  metals 
are  absorbed  much  more  slowly.  To  this  class  belong  lead, 
silver,  tin,  and  iron.  Any  metallic  salt,  if  given  in  strong 
solution,  will  cause  corrosion  of  the  mucous  membrane  of 
the  alimentary  canal  and  will  then  be  absorbed,  and  would 
exert  its  systemic  action  were  it  not  that  the  local  effects 
often  kill  before  the  systemic  can  come  into  play. 

A  peculiarity  of  the  corrosion  produced  in  this  manner  is 
that  there  seems  to  be  a  possibility  of  acquiring  a  certain 
immunity  to  it.  If  the  administration  of  a  metallic  salt  is 
begun  with  small  doses  and  gradually  increased,  it  becomes 
possible  to  administer  without  effect  doses  which  would  at 
first  have  produced  violent  corrosion.' 

<  The  mawHa  medici  of  all  mclillic  sails  (including  tbosc  uKd  only  IocbIIt) 
ri  diwSii^ 'iJi'c'baptiVxXVllf  """"*  ^"     *  "'P"'"^  ™"  "    '*        aaclioin 

•MlUllic  poisons  a«  generally  more  loiic  to  Iierbivori  than  to  carnWors  — 
probably    because    they    remain    longer    in    the    lUmentEry    canal    of    herbivoroui 
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To  be  absorbed,  the  metal  must  of  course  be  in  soluble 
form ;  but  it  must  be  borne  in  mind  that  the  solubility  in  the 
alimentary  canal  is  not  necessarily  the  same  as  the  solu- 
bility in  water  in  a  test-tube.  In  fact,  it  makes  little  differ- 
ence, except  as  regards  local  action,  in  what  form  a  metal 
is  administered.  In  the  stomach  it  will  be  converted  largely 
into  the  chlorid ;  in  the  intestines  into  the  carbonate  and  su!- 
phid.  Further,  the  metallic  salts  enter  into  double  combi- 
nations with  proteids,  and  these  are  often  soluble  in  an  ex- 
cess of  the  latter.  In  this  way  such  insoluble  compounds 
as  mercuric  oxid,  mercurous  chlorid,  lead  sulphate,  and 
silver  chlorid,  may  be  brought  into  solution. 

Absorption  is  one  factor  necessary  to  produce  the  toxic 
action.  A  second  factor  is  that  the  compound  must  contain 
the  metal  in  a  dissociable  form  —  i.  e.,  in  the  form  of  ions. 
This  is  not  the  case  with  the  pure  metals  nor  with  some 
organic  compounds,  such  as 

nor  with  the  iron  of  ferro-  and  ferricyanids.  In  these  com- 
binations the  metals  form  a  firmer  part  of  the  molecules. 
However,  both  the  pure  metals  and  the  organic  compounds 
are  in  most  cases  split  up  in  the  body  into  dissociable  com- 
pounds, and  so  finally  come  to  exert  the  metal  action,  but 
only  after  dissociation. 

Colloid  Metals  occupy  a  peculiar  position.  Colloid  metals  may  be 
obtained  by  establishing  an  electric  arc  between  metallic  wires  under 
water,  very  fine  particles  of  the  metal  being  thrown  off  and  fortning 
a  colloidal  solution.  Simitar  solutions  may  be  obtained  from  solutions 
of  metallic  salts  by  certain  reducing  agents.  Colloid  solutions  of  Ft, 
Ag,  Hg,  Au,  Bi,  Cd,  Pd  and  Ir  have  been  prepared  by  these  methods. 
The  metal  exists  in  these  solutions,  not  as  ions,  but  in  true  metallic 
condition ;  it  is.  however,  so  finely  subdivided  that  it  remains  perma- 
nently and  evenly  distributed  through  the  solution.  It  is  precipitable 
by  salts,  in  the  same  way  as  other  colloidal  solutions.  These  solutions 
cannot  produce  the  ion-actions  of  the  metals  directly.  The  colloid 
condition,  however,  gives  them  catalytic  properties,  i.  e.,  minute  quan- 
tities may  induce  reactions  in  large  quantities  of  other  substances 
(f,  g..  conversion  of  alcohol  into  acetic  acid),  the  metal  taking  no 
part  in  this  transformation.  Tliis  catalysis  is  hindered  by  many 
poisons,  just  as  is  the  action  of  true  ferments.  The  metals  fass  quite 
readily  from  the  colloid  into  the  ionic  condition,  e.  g..  by  the  action  of 
bacteria,  and  may  then  exert  the  ordinary  action  of  the  meials.  Since 
this  conversion  occurs  but  slowly,  these  actions  will  be  mainly  local. 
and  wilt  produce  a  minimum  of  irritation.  Colloid  solutions  of  silver 
and  mercury  have  therefore  been  utilized  to  moderate  the  effects  of 
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these  metals.  When  injected  into  the  body,  the  colloid  metals  pro- 
duce a  gradual  cachexia.  It  is  not  possible  to  decide  at  present  whether 
they  do  this  through  their  catalytic  properties,  or  by  being  converted 
into  the  ionic  condition. 

II.  REMOTE  ACTION. 

The  systemic  actions  of  most  metals  can  only  be  studied  by  inject' 
ing  them  intravenously,  since  the  slow  absorption  and  the  strong  local 
actions  would  obscure  the  remote  effects,  if  the  metals  were  given  by 
the  ordinary  channels.  For  the  intravenous  injection,  such  metallic 
salts  must  be  chosen  as  will  not  precipitate  the  blood.  Double  salts 
(such  as  iron -ammonium  citrate,  etc.)  or  metallic  albuminates  may 
meet  this  requirement.  In  some  cases  it  is  necessary  to  have  recourse 
to  some  non-ionic  compounds  of  the  metal,  from  which  the  ionic  metal 
is  liberated  in  the  body. 

When  such  a  preparation  is  injected  directly  into  the  blood  the 
symptoms  in  many  cases  do  not  arise  at  once,  but  are  developed  quite 
slowly,  sometimes  only  in  the  course  of  several  days.  This  is  due  to 
the  fact  that  the  metals  do  not  act  in  the  blood,  but  only  after  they 
have  been  absorbed  into  the  cells ;  and  this  absorption  is  so  slow  that 
it  may  take  several  days  to  accumulale  sufficient  metal  to  produce  any 
action.  It  may  by  this  time  have  disappeared  entirely  from  the  cir- 
culating liquids   (White,  18S0). 

It  would  appear  also  that  the  symptoms  do  not  arise  immediately 
after  the  poison  has  reached  the  cells.  Tartar  emetic,  when  injected 
in  appropriate  doses  into  a  vein,  disappears  from  the  blood  in  ten 
minutes,  but  the  first  symptoms  can  be  seen  only  after  some  tvi-elve 
hours.  This  corresponds  with  the  behavior  of  toxins  and  of  many 
Other  poisons. 

The  excretion  of  the  metals  is  usually  even  slower  than 
their  absorption.  They  have  therefore  often  a  cumulative 
action ;  doses  too  small  to  produce  any  immediate  effect  will 
cause  serious  poisoning  if  long  continued.  Pb,  Hg,  and 
As  are  the  most  prominent  examples  of  this.  A  single 
large  dose  may.  on  the  other  hand,  produce  chronic  poison- 
ing. In  whatever  manner  the  metal  is  introduced  into  the 
circulation  —  whether  intravenously,  hypodermically,  or 
from  the  intestinal  canal  —  it  is  excreted  partly  by  the  kid- 
neys, but  the  main  part  leaves  through  the  intestines,  espe- 
cially the  large.  The  epithelial  cells  are  the  channel  of  this 
execretion,  and  not  to  any  extent  the  bile,  as  was  at  one 
time  supposed.  A  gastro-enteritts  may  result  from  local 
action  even  when  the  poison  has  been  given  intravenously. 
On  this  account  tartar  emetic,  for  instance,  acts  largely  lo- 
cally even  when  administered  intravenously  or  hypoder- 
mically. 

A  sufficient  amount  of  the  metals,  however,  is  excreted 
by  the  kidneys  to  cause  a  marked  nephritis,  characterized 
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in  the  ordinary  manner  by  albuminuria,  casts,  etc.  The 
nephritis  begins  in  the  epithelium  of  the  convoluted  tubules 
and  spreads  from  here  to  the  glomeruli.  If  the  poisoning 
is  chronic,  the  nephritis  may  become  interstitial  and  lead  to 
renal  cirrhosis.  Nephritis  has  been  described  in  poisoning 
by  the  following  metals :  Ag.  Al,  As.  Au,  Be.  Bi.  Cd,  Ce, 
Co,  Cr,  Cu,  Hg,  Mn,  Ni.  P,  Pb,  Pt,  Sb,  U,  W,  Zn. 

In  their  systemic  effects,  all  the  metals  show  a  striking 
similarity.  They  affect  mainly  the  circulation.  There  is  a 
very  marked  fall  of  blood  pressure,  which  is  due  partly  to  a 
paralysis  of  the  blood-vessels  and  partly  to  a  direct  action 
on  the  heart.  Secondary  to  this  disturbed  circulation  there 
arise  symptoms  from  the  central  nervous  system.  A  direct 
effect  upon  nervous  organs  is  not  common  in  mammals,  and 
is  only  conspicuous  with  silver. 

Frogs  show  with  most  metals  a  paralysis,  preceded  by  a  slight 
stimulation.  The  tetanizing  action  predominates  with  Ni,  Co.  and 
PL  Whether  the  metals  have  any  direct  effect  on  metabolism  cannot 
be  decided  with  our  present  methods,  because  of  the  disturbances 
introduced  by  the  intestinal  and  renal  irritation,  and  by  the  circulatory 


The  metals,  aside  from  silver,  may  be  divided  into  tivo  principal 
groups:  the  first  group  acting  mainly  peripherally  on  the  blood-restels, 
the  second  group  acting  peripherally  on  the  heart.  To  the  first  group 
belong  arsenic,  antimony,  uranium,  bismuth,  iron,  manganese,  selenium, 
tellurium,  aluminum,  tin,  nickel,  cobalt,  gold,  and  platinum ;  to  the 
second  group,  lead,  phosphorus,  copper,  linc,  cadmium,  mercury,  vana- 
dium, cerium,  and  thallium, 

III.  ARSENIC. 
I.  SUMMARY  OF  .ACTIONS, 

A  relaxation  of  the  twills  of  the  capillaries,  particularly  of 
the  splanchnic  area,  accompanied  by  an  increased  perrnea- 
bilitv.  and  consequently  by  changes  similar  to  those  of  in- 
flammation.As  this  is  shown  mainly  in  the  splanchnic 
area,  themost  conspicuous  symptoms  are  those  of  a  qastro-- 
rriffxil^f,  w''Th  r<«;pmhle  closely  those  of  cholera. 

This  dilatation  of  capLllnrigs_jntrofliire.s  rhafrgp<;  in  the 
circulation  which  cause  secondary  disturbances  in  the  futic- 
tion  of  more  remote  organs,  particularly  in  the  nen'ous  sys- 
tem; and  furtheiT  fattv  defeneration  of  the  cells,  partioi- 
larly  in  glands  and  musrlps,  wifh  nth^  disturbances  in 
metabolisiTL  There  may  also  be  a  direct  paralysis  of  jHe 
heart,  both  ^nglionic  and  trinsnilar^ 
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Arsenic  preparations  possess  a  rather  weak  corrosive  ac- 
tion. ' 
11.  DETAILS  OF  ACTION. 

The  action  of  arserac  may  be  either  acute  or  chronic. 
Very  little  essential  difference  has  been  made  out  between 
the  two,  beyond  some  direct  corrosion  in  the  former.  Both 
rest  upon  the  paraly^'^  '^f  *he  capillaries. 

1-  Acnte  arsenic-poigoning^  sets  in  very  rapidly,  pointing 
to  a  quick  absorption.  The  jirst  symptoms  are  of  acute 
eastro-enteritis .  and  resemble  so  closely  those  which  result 
from  corrosive  poisoning  that  they  were  formerly  believed 
to  be  due  to  this.  However,  the  autopsy  rarely  shows  ex- 
tensive corrosion,  and  it  is  known  that  the  corrosive  action 
occurs  extremely"  slowly.'  Furthermore,  the  gastro-entei-itJs 
■""Y  hf  nbt^''"'''^  '"'th  at_least  equal  readiness  if  the  arsenir. 
is  injected  into  the  circulation  or  subcutaneonslv.  This 
would  not  definitely  exclude  all  local  action,  since  some 
arsenic  is  excreted  into  the  alimentary  canal ;  but  the  quan- 
tity is  not  nearly  enough  to  account  for  the  symptoms. 

Simultaneously  with  the  violent  vomiting  and  purging  of 
the  gastro-enteritis  there  is  an  extremely  marked  fall  _of 
blood  pressure.  This  is  almost  entirely  vascular  in  orisin; 
for  if  the  aorta  is  clamped,  the  heart  is  able  to  maintain  a 
fiirly  high  pressure  ( Boehm  and  Unterberger.  1874).  Thjs 
vascular  paralysis  is  mainly  periplieral,  but^it  differs  from 
that  produced  by  the  nitrites,  for  stimulation  of  the  periph- 
eral stump  of  the  splanchnic  nerve  is  still  effective  in  raising 
the  blood  pressure,  at  least  in  the  earlier  stages.  The  arte- 
rioles must  therefore  still  be  capable  of  contracting.  Por, 
this  reason  it  is  assumed  that  stmctures~5evond  the  arte- 
rioles —  namely,  tlie  capillaries  —  are  the  scat  of  the  Paraly- 
st£^  This  view  is  favored  by  the  fact  that  they  have  be- 
come more  permeable.  (Intravenous  injections  of  large 
quantities  of  salt  solution  will  cause  edema  in  animals  poi- 
soned with  As,  but  not  in  the  normal.)  There  is  in  ad-v 
dition  a  weakening  of  the  heart,  and  probably  also  some) 
depression  of  the  vasomotor  center  and  partial  paralysis  ofl 
the  arterioles.     All  these  contribute  tn  thp  fall  of  prassure.l 

These  changes~in  the  capillaries  explain  practically  the 

•The  prircipal  uk  which  is  now  made  of  this  coiroiive  action  is  in  killing 
the  nerves  of  t«th.  This  t»hfs  several  dsys.  which  illuslrjles  the  slowness  of 
the  corroaive  action,  and  contrasH  very  strikingl)'  with  the  extremelir  rapid  onset 
at  the  ijiniptomi  in   acute  poisoning. 
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whole  course  of  the  poisoning.  Since  increased  permeabil- 
ity of  the  capillaries  is  one  of  the  essential  features  of  in- 
flammation, one  need  not  be  surprised  that  the  phenomena 
of  arsenic-poisoning  arc  similar  to  those  produced  by  an 
irritating  inflammation,  although  the  primal  cause  is  dif- 
ferent. 

The  first  and  strongest  effects  are  upon  the  intestiyic.  no 
matter  how  the  arsenic  has  been  introduced.  The,  capillary 
paralysis  results  in  the  production  of  an  exudation  into  the 
connective  tissue.  This  raises  the  epithelium  ( just  as  woind 
a  blister  on  the  skin),  and  causes  it  to  be  thrown  off  in 
shreds  or  false  membranes.  The  exudation  is  then  poured 
into  the  lumen  of  the  intestine  and  largely  coagulates.  This 
distention,  as  well  as  the  circulatory  changes,  causes  in- 
creased peristalsis  and  ^vatcry  dtarrlica:  and  the  shreds  of 
mucus  and  coagulated  exudation  give  to  the  evacuations  the 
character  of  '  rice  water "  stools  (Boehm  and  Pistorius, 
1882). 


nwo  conditions  except  by  chen 


;  distention  of  the  capillaries  may  lead  to  their  runture. 

the  formation  of  ecchvmoses.  or  possibly  bleeding  into  the  intestine 
stomach,  and   consequenlly   bloody  vomitine  or   diarrhea ;  but  this 


._    .,    s  always  th 

The   vessels  of  the  kidneys 
glomerular  capillaries  are  swol' 


I  participate   in  the   dilation.    Jhe 
io  a"s  to  fill  the  capsnle;  the       ' 


the  capsnle ;  thejump 
sed_g^cagem   (Hellin 


i  will  of  iviiirsp  withdraw 


a  great  amgjipt  nf  hlnniLtranL^he  general  circLilation,  and  this  .. ... 
react  upon  other  nrgan?;,     In  someTcases  this  effect  is  so  violent  th^t 

before  (he  syrnEtoJUilS^^c ritis  fiaye  1h"ad"t7me"to  develop.  This  cor- 
respori3s~exactly   to  "  dry  cWera."  ~ 

Death  usually  occurs  by  exhau5tinn_ ^s_a  result  of  thp 
prolonge3~gastro-enteritis.  as  in  cholerg-  There  are  the 
same  muscle  cramps,  paleness,  and  general  collapse.  The 
patient  appears  emaciated  from  the  withdrawal  of  liomd 
from  the  body  by  the  profuse  diarrhea,  and  this  even  if  he 
retains  a  fair  amount  of  adipose  tissiie!  ' 

2.  Chronic   Anenic-poiBoning WHth    a    still    less    acute 

action  a  chronic  ^astro-intestinal  catarrh  \%  developed,  pos- 
sibly with  ulceration.  The  less  intense  but  persistent  capil- 
lary paralysis  will  give  time  for  the  development  of  more 
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pronounced  degenerative  changes  in  other  parts  of  the  hndy. 

Most  _proriitnent  amongst  these  are  fatty  degenerations,  first 
oj^c  endothelium  of  the  capillaries  thernsejvcs.  Later  this 
affects  the  intestinal  epUhelimn,  and  finally  the  cells  of  other 
organs  —  liver,  kidiiey.  heart  muscle,  etc.  This  is  due  to 
the  interference  with  nutrition.  The  increased  size  of  the 
liver  from  the  fatty  degenerat ion  may  cause  pressure  on  the 
bile  ducts,  consequently  reabsorption  of  bile  and  icterus. 
In  the  chronic  action  of  arsenic  there  is  quite  a  tendency  to 
the  development  oi  locai  effusions.  Amongst  the  first  of 
these  is  swelling  of  the  eyelids,  which  is  fairly  charafter- 
istic.        ~~ * ~~ 

The  impaired  nutrition  of  the  nerve-trunks  gives  rise  to 
poiyneurttii  Wltn  atrophy  ot  the  muscles,  disturbance  and 
paralysis  of  sensation,  and  also  of  the  special  senses.  The 
votce  is  very  frequently  altered,  from  paralysis  of  the  vocal 
cords.  The  skin  is  also  particularly  subject  to  the  action 
of  arsenic,  perhaps  because  it  takes  part  in  its  excretion. 
This  action  results  in  acne-like  eruptions,  exfoliation,  and 
in  falling  out  ot  hair  and  detachment  of  finger-nails,  tn  a 
few  cases  a  peculiar  cutaneous  melanosis  can  be  noticed. 
I'tiis  IS  not  due  to  a  deposition  of  arsenic,  but  to  the  forma- 
tion ot  an  organic  pigment.  The  mucous  membranes,  espe- 
cially the  conjunctivze.  may  also  suffer. 

3.  ileneflcial  Action  on  Meta^oIismTi^:  If  the  doses  of  ar- 
senic are  small,  this  capillary~dilaHtion  and  hyperemia  may 
not  reach  a  liarmtul  degree,  and  may  even  lead  to  an  in- 
creased nutrition.  This  deserves  especial  attention,  sincelt 
is  the  rational  Sasis  of  the  use  of  arsenic  tn  the  various  ca- 
clietic  conditions.  'I'he  melalxiiic  action  is  quite  vanableTas 
it  depends  upon  a  number  of  mutually  opposed  causes. 
Amongst  these  are:  the  capillary  dilatation;  supposedly  a 
direct  action  ofarsenic  upon  the  cells;  and  the  action  upon 
the  ^astro-intestinal  canal  and  upon  the  kidneys. 


The  interaction  of  these  factors  may  produce  very  different  results 
Conseqiienlly  the  expenmenta!  data  are  not  of  very  much  value  It 
may  be  considered  as  proven  however  that  a*!  Ion|;;  as  the  arsetiji: 
does  not  intprfiTi-  ailh  jilgp  t  on  and  absorplimj  rt  mcreas  s  the  ex 
cretton  gt  mtroern  If  this  '"  terlerence  i?T  TcCar'  n"c  atSC  fttl^s 
iMcrffljfd  deposition  of  fat  Anotl  er  effect  wh  ch  is  fou  d  in  arsenic 
poisonmi^  IS  ihe  Ic^s  of  ihe  j^hcogen  of  the  1  \er  and  formation  of 
sarcolaciic  acid '    What  practical  iinporlance  can  be  attributed  to  this 
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Otii-  fif  thp  thirapfiiijr  i]t|ffg  pf  arsenic  i: 


5  so  rapid  d 
(it.    Nor  4 


^^yjftrt>cvffj^     There   seems   to   be   considerable   evidencetti'at  it  to) 


-  -  of  Fcucoblastic  (pot 
produce  the  same  clunge. 
and  lessen  ihe  t     ' 


of   thp   Haversian   canaiSf   wnich   may   poi! 


ing   up   of   the   Havers 
iirrk£Ela,\Gies,  1877). 


On  the  whole  there  can  be  no  doubt  that  in  some  cases 
the  early  use  of  arsenic  increases  the  rate  of  ^rmt-tk  and 
weieht  of  theanimal ;  in  detail,  causing  an  increase  in.nitro- 
gen  metabolism  an^  a  deposition  of  fat  and  an  increastd 
strength  of  the  bones.  The  nutrition  of  the  skin  is  also 
said  to  be  especially  improved  by  it.  "  ' 

It  is  used  quite  largely  in  veterinary  practice  to  give  the  niats  of 
horses  and  cattle  a  bright  appearance.  Its  use  to  improve  the  coo- 
plexion  is  not  rare.  The  people  of  certain  countries  —  the  montiliin- 
ous  districts  of  Silesia  —  use  it  to  secure  an  improvement  in  gnttal 
health.  There  appears  to  be  unimpeachable  evidence  that  they  gndo- 
ally  accustom  themselves  to  use  with  immunity  quantities  of  tnaac 
(to  0.4  Gm.)  which  would  produce  very  serious  toxic  irritant  and 
cumulative  effects  in  ordinary  individuals  (Schaefcr.  1S61 :  KnippC' 
1875)-  Some  tolerance  to  the  fatal  action  probably  exists  also,  ba 
is  not  so  very  large.  This  acquired  immnnily  Is  the  more  strangt 
since  it  has  never  been  attained  with  animals  (Hausmann.  111D3) 
The  fact  that  the  corrosive  action  of  other  metals  can  to  a  large  eHtnl 
be  lost  by  habituation  is  perhaps  suggestive,  but  it  Is  inipossible  to 
say  whether  the  two  phenomena  are  connected. 

III.  ABSORPTION   AND   EXCRETION. 

Arsenic  is  very  readily  absorbed,  even  from  the  unbrokCT 

skin.     Quite  a  number  of  cases  of  poisoning  have  occurrtj 

in  this  way  irnm  the  usFof^rsgnical  cosmetic  preparati«ig- 

"When  it  is  injected  subcutaneously  the  diarrhea  often- sgi 

in  withiri  3"  hnnr 

"  It  is^xcreted  hy  all  the  excretions — urine^feces.  sweat 
mjjk^and  epithehum  ot  the  skin  (HeflFter.  1905). 

0  8  hours  after  the  administration.  M. 

ime.— 3  lo   10  aayi.  afltr  a  SiflgWiR 
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stopped.     It  is  slored  in  all  organs^ 

at  one   time   c  J  aimed.     It   also   passe 

tp  the  fetus.    It  is  just  as  toxic  w 

as  by  the  Jilgular  vein,  showing  that  the  liver  neither  neutralizes  nor 

retains  it.     It  is  less  toxic  on  hypoderniic  iniection,  since  it  enters  into 

more  slowly  diiasociaiej  compounds  with  Ihe  tissue  elements. 

A  very  small  amount  ot  arsi^nic  is  ohen  normally  present  in  certain 
huinaii  ortjaiis,  notably  in  the  thyroid  (0.i"5~mg.)  ;  also  in  the  thymiJS, 
brain,  and  s km.     It  appears  to  be  tied  to  me  niiclem.     None  is  louiid 

Ibis  arsenic  is  iptroducpj)  yi^h  the  food  and  especially  the  drinkitiK 
water?  (According  to  the  Royal  Coimnission,  ig03,  the  quantity  of 
arsenic  in  food  should  not  exceed  '/uo  grain  per  pound,  or  in  liquids, 
per  gallon.) 

The  Quantity  ijf  arspnic  normally  present  in  the  intestinal  canal  neixr 
exceeds  '/w  mg.     Larger  quantities  point  to  poisoning   (Gautier.  loodT. 

Lower  AnlitMls. —  Arsenic  is  toxic  to  all  anTmats  which  possess  a 
central  nervous  system;  also  to  most  ot  the  higher  plants,  but  not  to 
all  the  lower  organisms.  Its  antiseptic  action  is  comparatively  small. 
It  cannot  therefore  be  classed  as  a  general  protoplasmic  poison. 

Plants  and  cold-blood  animals  resist  arsenates  much  better  than 
arsenites,  whilst  warm-blooded  animals  do  not  show  this  difference. 
It  is  probable  thai  the  arsenite  ion  is  the  more  toxic,  the  tissues  of 
warm-blooded  animals  reducing  arsenates  to  arsenites.  New-bom 
salamanders  show  a  very  great  tolerance. 

IV.  TOXICOLOGY. 

The  main  interest  of  arsenic  lies  in  its  toxicology. 

1.  Etiology. —  Arsenic  was  at  one  time  used  very  ex- 
tensively for  criminal  poisoning,  especially  in  the  seven- 
teenth century.  An  Italian  woman,  Toffania.  carried  this 
science  to  its  greatest  refinement,  using  under  the  name  of 
"Acqua  Toffana  "  a  mixture  of  arsenic  and  ptomains  ob- 
tained from  the  putrefied  juices  of  animals  poisoned  with 
arsenic. 

At  the  present  time  arsenic  is  rarely  used  with  criminal 
intent,  the  most  frequent  forms  of  poisoning  being  suicidal 
or  accidental.  This  may  be  attributed  to  the  perfection  of 
the  chemic  means  of  detection,  which  allow  of  the  discovery 
6t  the  minutest  trace.^  AccidenTal  poisoning  has  been  less- 
ened to  some  extent  by  requiring  the  preparations  of  arsenic 
■sold  at  retail  to  be  colored  either  with  lamp-black  or  Jndiyo. 
"so  that  they  do  not  ^''V*'  t^**  '"T-irpnt  appearance  of  a  white 
powder.  This  is  also  of  some  importance  in  diagnosing 
the  poisonitig.  the  color  of  the  vomit  calling  attention  to  it. 
But  accidental  and  suicidal  poisoning  is  still  very  common, 

'  A  tety  delicate  biolaric  t«t  fiu  tecenily  been  annouiiMd,  depending  upon 
tbc   developmnt   of  a    Rarlic-lilie  odor,    wlien    Ibe   mold   Fenicillmm   brevicaule   is 

Cn  upon  in  ancnical  ncdiuin.     Quantitiu  aa  imall  ai  jJb  to  yjj  mg.  of  irten- 
■  *cid  coald   be  demonstrated  b]r  iu  acid   <Co«io,   Schoti,   1899). 
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since  arsenic  is  so  extensively  distributed.  It  is  easy  to 
obtain  it  as  a  rat  and  fly  poison.  It  is  frequently  used  in 
the  arts.  Paris  green  is  a  preparation  whose  sale  is  almost 
unrestricted.  A  great  many  of  the  cosmetic  preparations 
on  the  market  contain  arsenic  and  have  given  rise  to  acci- 
dents. The  use  of  arsenic  compounds,  such  as  Schwein- 
furth  green,  as  pigments  has  been  absolutely  prohibited; 
but  a  great  many  of  the  coal-tar  dyes,  which  are  popular  at 
the  present  time,  employ  arsenic  in  their  preparation,  and 
very  frequently  this  is  not  entirely  removed.  Formerly 
wali'paper  dyed  with  arsenic  compounds  was  a  common 
source  of  arsenic  poisoning,  but  this  has  now  practically 
disappeared. 


paper  was  completely  covered  by  a  harmless  paper;  i 
volatile  arsenic  compound  must  be  formed. 

The  permissible  limit  of  arsenic  in  papers  is  placed  at  o.i  grain  per 
square  yard ;  but  this  is  probably  not  quite  harmless.  The  Bureau  of 
Chemistry  of  the  United  States  Department  of  Agriculture  has  analyzed 
a  number  of  papers,  on  the  American  market  (Haywood  and  Warner, 
1004).     Over  90%  of  these  contained  less  than  0,046  grain  per  square 

?ard,  and  are  therefore  safe.  Furs,  ru^s.  and  fabrics  were  less  satis- 
actory.    Black    s lockings    particularly    often    contained    quantities    of 


The  ftttol  doae  of  arsenic  is  upward  nf  a  d^igra^n. 

The  course  of  arsenic-poisoning  may  be  very  quick. 
There~is  a  fulminant  type  in  which  death  is  almost  imme- 
diate. The  usual  course,  however,  takes  from  eighteen  to 
seventy-two  hours!  In  some  cases  it  may  take  much  longer 
—  from  four  to  fourteen  days. 

2.  The  symptoma  have  been  sufficiently  discussed,  but 
will  bear  recapitulation.  In  acute  polaonlpg  there  may  be 
a  sudden  collapse  without  other  symptoms.  Usually,  how- 
ever.  thp  symptoms  dn  nrit  rtppear  for  from  one-half  to  one 
hniir_nftpr  the-  ar^Pnir  is  takfii!  The  Suspicion  of  the  pa- 
tient  may  have  been  aroused  by  the  sweetish  astringent 
taste  of  the  substance.  Almost  the  first  symptoms  are 
vomitmg  and  profuse  and  pamtul  diarrhea.  The  with- 
drawal of  wntpr  from  the  body  leads  to  great  thirst,  dry- 
nes§_of  the  mouth  and  throat,  and  difficulty  in  swallowing 
and  articulation.  The  urinels  diminished  and  often  bloody. 
The  excretion  of  the  arsenic  through  the  kidneys  will  pro- 
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duce  a  nephritis.  On  the  part  of  the  central  nervous  sys- 
tem there  are  vertigo,  headache,  and  pain  in  the  limbs- 
There  will  be  cyanosis  and  cold  extremities.  Toward  the 
end  occur  syncope,  coma,  clonic  and  tonic  spasms,  and  a 
general  paralysis. 

In  the  Bubaciite  poigoning  the  inflammation  of  the  mu- 
cous membrane  of  the  alimentary  canal  will  form  a  still 
more  prominent  symptom.  Inflammation  of  other  mucous 
membranes  also  becomes  conspicuous,  and  shows  as  con- 
junctivitis, coryza.  stomatitis,  salivation,  and  pharyngitis. 
Skin  eruptions  malce  their  appearance  if  the  arsenic-poison- 
ing is  at  all  prolonged.  In  this  case  there  are  also  symp- 
toms arising  from  the  central  nervous  system,  as  well  aa  ■ 
neurites. 

The  diagnogjs  of  acute  araenic-poisoiiing  is  made  bv  the 
violent  gastro- enteritis.  This  can  usually  be  distinguished 
quite  easily  from  that  produced  by  acids  and  alkalies,  by  the 
history  of  the  case,  absence  of  corrosion  in  the  mouth,  and 
iorthermore  by  the  lesser  prominence  of  the  local  symp- 
toms. The  very  quick  onset  distinguishes  it  from  other 
metals. 

The  diagnosis  of  chronic  arsenic-poisoning  may  be 
somewhat  ditticult  because  the  symptoms  are  sometimes 
quite  obscure  or  resemble  very  closely  those  produced  by 
cEroinc  lead-poisoning.  There  is  some  difference  in  the 
electric  reaction  of  muscle  and  the  absence  of  the  blue  line 
on  the  gums.  whichXre  characteristic  of  Igadl  But  in  other 
cases  of  the  acute  or  chronic  form  the  c hemic  examination 
isjhe  only  absolute  means  ot  makmg  the  diagnosis.  ' 

3.  In  the  pwtiportem  exaniination  there  would  be  a  very 
pronounced  dryness  of  the  tissues.  The  ernaciated  appear- 
ance of  the  body,  even  with  a  fair  amount  oFadipose  tissue, 
tlig  appearance  of  the  alimentary  canal  with  its  large  amount 
of  fluid  and  the  presence  of  shreds  of  mucus  and  false  mem- 
Kane,  with  usually  no  pronounced  corrosion,  are  charac- 
teristic' Microscopically  g^stro-adenitis  and  cell  infiltra- 
tion are  often  seen.  The  body  after  arsenJc-poisoning  usu- 
ally putrefies  'very  slowly  and  may  become  mummified. 
ViiiicTi  always  causes  a  suspicion,  although  it  is  not  at  ail  "a 
Itfool  of  such  poisoning.  The  posit ive  proof  can  on1y~5e 
tarnished  by  the  chemic  examination,    jt  must  not  be  for- 

'S«  ptata  49  and   So  of  E.  t.  Hofminn:     AUu  of  Legal  Medicine,  W.   B. 
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gotten  that  arsenic  is  frequently  introduced  into  the  body 
inthe  embalming  fluid. 

'"JT'Treatmeiit  of  Aisenic-poiaoning —  Acute  arsenic -poison- 
ipg  is  best  treated  by  emetics  through  lavage  with  warni 
water,  or  purgation.  Ferri' Hydroxidiim  cum  Magnesli 
Oxido  (see  Index)  was  long  considered  the  best  antidote, 
the  ferric  hydrate  and  iron  forming  a  compound  which  was 
deemed  almost  insoluble.  De  Buscher  '  believes,  however, 
that  the  compound  is  even  more  soluble  than  arsenous  acid, 
and  that  it  is  quite  ineffective.  So  also  is  hydrogen  sul- 
phid. 

Chronic  arsenic  poisoning  is  treated  by  withdrawing  the 
cause;  the  same  measure  may  also  be  used  as  for  chronic 
lead_poisoning  (see  index).  "  " 

V.  THERAPEUTICS. 

As  to  the  therapeutics  of  arsenic,  it  has  some  local  uses 
which  will  be  discussed  among  the  caustics.  Its  lyitemio 
action  is  used  for  the  improvement  of  nutrition  in  various 
cachetic  conditions.  Although  it  is  easily  understood  how 
it  may  be  of  benefit  in  these  cases,  its  actual  use  must  be 
entirdy  empirical.  We  do  not  know  sufficient  about  the 
nature  of  these  conditions,  nor  can  we  predict  the  action 
of  arsenic  with  sufficient  certainty,  to  be  able  to  foretell  its 
results.  It  is  usually  worthy  of  a  trial  in  such  cachetic 
conditions  as  malaria,  pernicious  anemia,  etc.  In  chlorosis 
it  seems  to  aid  the  iron  preparations,  but  does  not  act  alone. 
Its  use  in  rickets  has  been  alluded  to  (p.  612).  It  has  been 
used  in  chorea  (rapidly  increasing  doses),  phthisis,  and 
asthma,  but  clinicians  disagree  as  to  its  value,  and  there 
is  no  scientific  basis  for  its  employment. 

In  its  adminigtration.  it  should  be  aimed  tn  fifahli^h  a 
tolerance  hy  beginning  with  pm^ll  doses,  and  gradiially  in- 
creasing these  until  some  Ifx-al  manifestation  of  the  arsenic 
appears  —  usuallv  diarrhea  or  conjunctivitis  or  swelling  of 
the  eyelids.  As  soon  as  these  are  seen,  the  amount  must 
5e  diminishgiL. 

Vr.  MATERIA  MEDICA  OF  ARSENIC. 
Solid  Preparations: 
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of  water;  in  15  boiling  water;  sparingly  in  alcohol.    Freely  soluble  in 
hydrochloric  acid  and  alkalies.     Dose:   i   to  6  mg.   ('/a  to  Vu  gr.)    (2 


'.jtr.,  U.S.P.)._ 


Sodii  Arsenas  (U.  S.  P.).—  Na^HAsO.  +  7H,0.  Soluble  in  1.2 
water,  sparingly  in  alcohol.  Dose,  as  for  the  preceding  (5  mg.  =  Vi» 
gr..  U.S.  P.). 

Sodii  Arscnas  Exiiccalvs  (U.  S.  P.).— Na.HAsO^  Soluble  in  3 
water.    Dose,  as  the  preceding  (3  mg.^Vngr.,  U.S.?.). 

Arseni  lodidum  (U.  S.  P.,  B.  P.).— Ash.  Orange  red  powder.  Sol- 
uble in  12  water  (partial  decomposition),  28  alcohol.  Dose,  as  the 
preceding  (s  mg.  =  y,o  gr.,  U.  S.  P.). 

* Ferri  Arsenas. —  Insoluble.  Dose:  0.001  to  0.006  Gm.  ('/■  to  Vu 
grain). 

Liquid  Preparatlona. —  All  contain  1%  of  the  arsenic  preparation  and 
have  the  dose  of  ai2  to  0.6  c.  c.  (3  to  10  minims)  (0.2  c.  c.= 
3  m.  U.S.  P.). 

Liq.  Acidi  Arsenost  (U.  S.  P.)  [Liq.  Arsenii  Hydrochhrici.  B.  P.). — 
Contains  0.5%  HCl. 

Liq.  Polassii  Arsenitis  (U.S.  P.)  [Liq.  Arsenicaiis,  B.  P.]. —  {Fow- 
ler's Solution.) — Flavored  with  Tinet.  Lavand.  Co. 

Liq.  Sodii  Arsenalis  (U.  S.  P..  B.  P.). 

Liq.  Arseni  el  Hydrargyri  lodidi  (U.  S.  P.,  B.  P.).—  f:Do«ov<m's  So. 
/«(i'db.) —Contains  1%  of  each  (o.i  e.e.  =  i!4  m,  U.S.P.). 

*Sodi«m  Cacodylate.~(CH,)-A&.0(OntL).  The  arsenic  in  this 
compound,  as  also  in  cacodylic  acid  and  cacod)[l  oxid,  does  not  exist 
as  ion,  and  does  not  therefore  produce  the  arsenic  action  directly.  The 
^eater  part  is  excreted  unchanged  by  the  urine,  but  a  small  proportion 
IS  converted  into  arsenous  acid,  and  acts  as  such  (Schulz,  1879).  These 
compounds  are  therefore  much  less  toxic  than  arsenic,  but  have  also 
correspondingly  smaller  therapeutic  actions.  Whatever  advantages  they 
possess  —  and  clinicians  are  still  at  variance  as  to  the  superiority  over 
ordinary  arsenic  —  must  be  due  to  the  slow  liberation  of  the  arsenic 
(HefTter,  1901).  Since  this  occurs  readily  in  the  stomach,  the  caco- 
d^late  should  by  preference  be  used  hypodermically  or  intravenously. 
The  hypodermic  dose  of  sodium  cacodylate  is  O.OS  to  0.3  Gm.  (l  to  3 
grains)  per  day.  It  is  a  white,  crystalline,  odorless,  and  tasteless  salt 
quite  soluble  in  water. 

Vri.  SELENIUM  AND  TELLURIUM. 

Selenium  and  Tellurium  resemble  arsenic  in  the  general  action  on 
the  capillaries  of  the  splanchnic  area.  They  also  affect  the  central 
nervous  system,  apparently  directly.  Tellurales  arrest  perspiration 
(after  the  manner  01  atropin?),  and  have  been  recommended  for  this 
purpose;  but  they  impart  a  very  persistent  garlic  odor  to  the  breath, 
tissues,  urine,  and  feces,  even  in  a  quantity  as  small  as  0.005  mg. ! 
This  may  last  for  several  months  after  the  administration  is  slopped. 
It  is  caused  by  methyl-tel lurid.  Selenium  is  more  toxic  than  tellurium 
(Woodruff  and  Gies,  1902). 

*Sodii  Teltitras.—  lia,TeO..—  Dose:  o,ot6  to  0.05  Gm.  (M  to  H 
grain). 

Vanadium. —  .According  to  Luziato  (1903)  poisonous  doses  of  VCli 
or  VBr,  cause  the  usual  anatomic  lesions  of  metals  in  the  kidneys, 
liver,  intestine,  and  stomach.  No  lesions  are  found  in  the  central  ner- 
vous system.  The  blood  pressure  is  raised,  and  the  excitability  of  the 
vagus  is  depressed.    Death  occurs  through  respiratory  paralysis.    Vana- 

•  Not  official. 

Study  Maieria  Medio  Lessoa  4;. 
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diuin  is  said  to  act  as  an  alterative,  somewhat  like  arsenic,  increasing 
the  hemoglobin  and  red  blood  cells.  It  has  therefore  been  recom- 
mended in  tuberculosis.  It  has  also  been  used  in  diabetes,  with  the 
claim  that  it  reduces  the  excretion  of  sugar  to  a  half.  The  statement 
needs  confinnation. 

•  Lilhii  yanadas. —  Dote:  4  to  5  mg.  (Vu  to  Vu  grain)  per  day. 
*Sodii  Meto-vanadat. —  White,  almost   tasteless  powder,  soluble  in 

water.  Dose:  t  to  8  mg.  ('/a  to  }i  grain).  According  to  Jardin 
(>905)i  it  lessens  assimilation  and  increases  proteid  destruction. 

•  FoHftrftwrn  CMorid  or  Brotnid. —  Doie  to  30  mg.  ('A  grain)  per  day. 

IV.  ANTIMONY. 

1.  The  actions  of  antimony  bear  a  close  resemblance  to 
those  of  arsenic.  The  difference  lies  in  a  greater  local  irri- 
tation and  a  much  lesser  absorption'  Consequently,  when 
given  by  the  mouth,  doses  can  be  chosen  whose  only  action 
i s  that  of  producing  nausea,  or  if  somewhat  larger,  vomit- 
ing!^If  injected  into  the  circulation,  or  if  given  in  over- 
doses, it  produces  precisely  the  same  effects  as  arsenj^:.  bitf 
vomitiny  is  always  a  prominent  phenomenon,  the  poison  be- 
ing rapidly  pvrrKwl  intn  the  alimentary  canal.  Small  doses 
long  continued  lead  to  a  train  of  symptoms  of  subacute 
poisoning,  entirely  analogous  to  those  produced  by  arsenjc 
in  the  same  manner  ((jaehtgens,  1876;  Soloweitschyk, 
1880). 

The  treatment  consists  in  ^Jvin^  eygs.  milk,  and  tannin 
(tea,  etc.),  or  in  its  absence  magnesia. 

Applied  to  the  sktn.  the  chlorid  is  a  strong  caustic.  The 
double  tartrate  of  antimony  and  potash  (tartar  emetic >  pro- 
duces  a  pustular  eruption.  This  is  due  to  the  decomposi- 
tion of  the  double  salt,  which  is  but  slightly  irritant,  by  the 
acid  secretion  of  the  follicles  into  more  irritant  simple 
salts. 

2.  Theiapentically  the  tartar  emetic  is  the  salt  most  fre- 
quently employed  intertuiily.  As  an  emetic  it  has  fallen  out 
of  favor,  its  action  being  too  slow  and  too  depressing.  As  , 
3L_nause<mt  it  has  advantages  over  all  other  metals,  since  the 
dose  required  for  this  is  only  about  one-tenth  of  that  which 
produces  vomiting.  The  sulphid  is  preferred  by  some. 
since  this  dissolves  much  more  slowly,  and  therefore  has  a 
more  lasting  action.  Antimony  preparations  are  useful  as 
diaphoretics  and  expectorants  (see  pp.  312  and  518). 

For  local  uses  see  Chapter  XXVIII. 
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Solid  Preparations: 

Anlimonititn  Nigrum  PnriScatum  (B.  P.),— i'n/f  Airf  (Trisulphid)  of 
Antimotiy  (Black  Antimony). —  ShiSi.  The  native  sulphid,  purified  by 
washing  with  ammonia  water.  Insoluble  black  powder.  Used  only  in 
the  preparation  of  the  other  compounds. 

Anlimonium  Sulphuratum    (B.  P.)- —  (Kermei   Mineral.) — Consists 
chiefly  of  SbiSi  with  a  small  amount  of  SbiOi.    Made  by  dissolving 
SbiSi  in  NaOH  and  precipitating  with  HiSOt.    Insoluble  reddish  pow- 
der.   Dote;  aoi  to  0.06  Gm.  (%  to  i  grain). 
This  is  contained  in : 

Piluht  Aniimonii  Composilts  (Plummer'j  Pill) : 
Each  pill  contains : 

Grams.        Gbains. 

Sulphurated  Antimony   0.04  ^ 

Calomel    0x14  ^ 

Guaiac    0,08  i)^ 

Dose:  1  to  3. 
Antimonii  Oxidum    (B.  P.). —  SbiOi.    A  gray  powder   obtained   by 
precipitating  antimony  chlorid  with  water,  and  treating  with  NatCO>. 
Dose:  0.06  to  0.24  Gm.  (i  to  4  grains), 

Antimonii  el  Potassii  Tarlras  (U.  S.  P.)  [Antimonium  Tartaratum, 
B.  P.].— Tartar  Emetic  (Tartarus  Stibiaias). —  2K(ShO)Cn,0,  + 
HiO.  White  crystals  or  powder,  prepared  by  treating  SbiOi  with  acid 
potassium  tartrate.  Soluble  in  15.;  parts  water,  insoluble  in  alcohol. 
Vote:  0.006  to  0,03  Gm.  ('/up  to  J4  grain)  for  Expectorant  and  Dia- 
phoretic (5  mg.  ='/»  gr.,  U.  S.  P.)  :  ao6  to  ai2  Gm.  (i  to  2  grains) 
for  Emetic  (30  mg.  ^J^  gr.,  U.S.  P.), 

Liquid  Preparotions: 

Vinum.    AnHmonii    (U,  S.  P.)     IVinvm    Antimontate.    B.  P.].— 0.4% 
Tartar  Emetic  (5J^8T-  ij)-    Dote:  Expectorant,  0.3  to  zee  (s  to  30 
minims)   (i  cc  =  i5  ni,  U.S.P.);  Emetic,  4  to  15  c.c.   (Sj  to  iv). 
Syruput  Scilla  Compotilus  {U.  S.  P.)    (Hive  Syrup)  : 

Contains:  In  100  c.c:  In  3j:  In  2  c.c. : 

Squills    8,0  Gm.  4  grains.  0,16  Gm. 

Senega  8.0  "  4      "  0.16  " 

Tartar  Emetic.  0.2   "  J*  grain.  0.004  Gm. 

Used  especially  in  whooping  cough.  Dose:  0.3  to  2  c.c.  (5  to  30 
minims)    (2  c.c.  =  30  TR.  U.  S!  P.). 

V.  URANIUM. 

This  is  one  of  the  most  poisonous  of  metals.  The  uranium  salts  are 
very  corrosive,  and  are  in  consequence  readily  absorbed  from  the  ali- 
mentary canal.  Their  action  resembles  that  of  arsenic,  but  in  addi- 
tion they  lessen  internal  respiration  after  the  manner  of  hydrocyanic 
acid. 

The  symptoms  of  poisoning  include  a  severe  gastro-enteritis,  with 
ecchymoses.  Degeneration  of  the  walls  of  blood-vessels  and  of  organs 
occurs.    There  is  a  strong  nephritis ;  the  amount  and  specific  gravity 
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of  the  urine  are  increased,  and  it  contains  sugar  and  albuinin.    The 
glycosuria  is  probably  an  expression  of  the  "  internal  asphyxia." 

The  metal  has  no   therapeutic  indicalions. 

*[/rantMw  Nitrate.— VO,(,NO,}^  Soluble. 

VI.  BISMUTH. 

If  a  soluble  bisnuith  salt  is  injected  directly  into  the  blood,  it  pro- 
duces the  arsenic  phenomena  on  blood-vessels.  There  is  perhaps  also  a 
direct  involvment  of  the  central  nervous  system  and  depression  of  the 
vasomotor  center.  The  heart-muscle  is  also  depressed.  The  blood 
pressure  sinks,  therefore,  very  rapidly  (Meyer  and  Steinfeld,  1885). 

Bismuth  forms  a  black  and  very  insoluble  sulphid.  Since  HiS  is 
always  present  in  the  large  intestine,  the  feces  are  always  colored  black. 
When  the  bismuth  is  in  the  blood,  the  precipitation  may  occur  in  the 
vessels  of  the  large  intestine,  and  lead  to  capillary  embolism,  and  this 
to  ulceration.  Therapeutically,  the  avidity  for  H>S  serves  to  remove 
this  irritant  from  the  intestinal  canal,  and  the  benefits  of  bismuth  may 
be  due  to  this,  in  certain  cases. 

Soluble  bismuth  salts  are  also  quite  corrosive. 

These  toxic  effects  may  be  produced  by  comparatively  small  doses 
of  soluble  bismuth  salts,  taken  by  the  mouth;  the  bismuth  being  ab- 
sorbed in  virtue  of  its  corrosive  action.  The  intact  intestinal  mucosa 
does  not  absorb  bismuth  to  any  considerable  degree,  so  that  the  small 
amount  which  is  brought  into  solutiwi  by  the  gastric  juice  when  the 
insoluble  basic  salts  are  given,  is  quite  harmless.  These  basic  bismuth 
compounds  may,  however,  be  absorbed  in  sufhcient  quantity  to  froduce 
boisoning,  if  they  are  applied  to  extensive  uvutid  surfaces.  The  solu- 
ble bismuth  salts  have  no  therapeutic  use ;  they  lack  entirely  the 
qualities  which  make  the  basic  salts  so  valuable. 

Ba»io  (Oxy)  BiBnmth  Salts — These  occur  as  very  fine, 
powders,  absolutely  insoluble  in  water,  and  very  sparingly 
soluble  in  the  body  fluids.  They  have  a  marked  heal- 
ing effect  when  dusted  on  wounds  and  on  inflamed  mucous 
surfaces.  Applied  to  wounds,  they  cause  a  drying  of  the 
secretions  and  form  a  protective  covering,  so  that  the 
wound  heals  as  under  an  aseptic  scab.  This  action  is 
partly  mechanical,  due  to  the  stoppage  of  the  lymph-  and 
blood-capillaries  by  the  fine  particles  of  the  powder. 
Other  indifferent  substances  in  an  equally  fine  state  of- 
subdivision  have  a  similar  action.  However,  a  small 
amount  of  bismuth  undoubtedly  goes  into  solution,  and 
aids  by  exerting  an  astringent  and  mild  antiseptic  ac- 
tion. The  subnitrate  of  bismuth  especially  is  used  as  a 
dusting  powder  or,  as  in  the  case  of  the  urethra,  by  inject- 
ing a  suspension  in  thin  mucilage.  In  the  alimentary  canal, 
the  basic  bismuth  salts  act  not  only  in  the  manner  indicated, 
but  also  by  neutralizing  excessive  acidity  and  by  precipi- 
tating hydrogen  sulphid.     The  combination  of  these  actions 
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makes  these  preparations,  either  the  subnitrate  or  subcar- 
bonate,  very  useful  for  checking  diarrhea,  and  sometimes 
against  vomiting,  If  there  is  excessive  intestinal  putrefac- 
tion, they  are  best  given  in  conjunction  with  an  intestinal 
antiseptic,  such  as  salol. 

Various  substitutes  have  been  proposed  for  the  established  sub- 
nitrate  and  subcarbonate,  but  it  may  be  doubted  whether  they  have 
any  advantage. 

The  subgallate  (Dermatol)  and  other  basic  organic  salts,  as  also 
the  aJbuminate  and  peptonale,  have  been  introduced  as  dusting  pow- 
ders. In  view  of  the  non-corrosive  character  of  the  ordinary  sub- 
nitrate,  it  is  difficult  to  see  in  what  they  could  be  superior.  An  iodized 
product  of  the  subgallate  is  marketed  under  the  name  of  Airol;  the 
iodin  may  perhaps  increase  the  antiseptic  power  somewhat. 

There  is  rather  more  reason  for  the  products  in  which  the  bismuth 
is  combined  witli  phenols.  The  latter  are  split  off  in  the  intestine, 
and  act  there  as  efficient  antiseptics.  These  compounds  (with  phenol), 
tribromphenol  (xeroform),  with  betanaphthol  (orfihol).  etc.)  are 
therefore  especially  useful  against  putrefactive  diarrheas;  but  it  is 
doubtful  whether  they  have  much  advantage  over  simple  mixtures 
of  the  subnitrate  with  intestinal  antiseptics   (_salol). 

MATERIA   MEDICA. 

1.  Insoluble  Smlt:— Dose:  0.3  to  2  Gm.  (5  to  30  grains).  (White 
powders,  tasteless,  and  odorless.)  Incompatible  with  acids  and 
alkalies. 

Bismutki  Subrarbonas  (U.  S.  P..  B.  P.),— (BiO),CO.  +  .rH^.  Pre- 
pared by  pouring  a  solution  of  Bi(NOi),  into  Na,CO.  (0.5  Gm.  =  7l4 
grs..  U.S.  P.). 

Bismulhi  Subnilras  (U.  S.  P.,  B.  P.),— BiONO, -l-xH/3.  Prepared 
by  pouring  a  solution  of  Bi(NOi)i  into  water  (0.5  Gm.  =  7^  grs., 
U.  S.  P.). 

Bismulhi  Cilras  (U.  S.  P.).— BiGHsOi.  Treating  bismuth  subnitrate 
with  citric  acid  (0.125  Gm.  =  2  grs.,  U.  S.  P.) 

Bismulhi  Subgtdlas  (U.S.  v.). —  (Dermatol.)— YeWov  powder.  0.25 
Gm.  =  4  grs..  U.  S.  P. 

Bismuthi  Sabsaiicylas  (US.  P.)  [Bismulhi  Salicylas,  B.  P.].— 0.25 
Gm.  =  4  grs.,  U.  S.  P.       ^ 

The  *  insoluble  organic  compounds  of  bismuth  (Airol,  Phenol- 
Bismulh,  Orphol,  Xeroform,  etc.)  are  tasteless  and  odorless  powders. 
Those  intended  for  internal  use  are  given  in  doses  of  0.3  to  :.  Gms. 
(S  'o  IS  grains)  per  day. 

3.  Soluble  Biimuth  Salt*  and  Their  Preparation*.— The  value  of 
bismuth  preparations  lies  precisely  in  their  sparing  solubihty,  so 
that  the  following  are  not  scientific: 

Bismutki  el  Ammonii  Cilras  (U.S.), —  Bismuth  Citrate  dissolved  in 
Ammonia  and  dried  to  scales.  Very  soluble  in  water,  sparingly  in 
alcohol.    Dose:  o.i2  to  0.3  Gm.  (2  to  5  grains). 

'Elixir  Bismuthi  (N.  F.). —  3.5%  Citrate  of  Bismuth  and  Ammonia. 
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VII.   IRON. 
I.  SUMMARY  OF  ACTIONS. 

1.  An  increased  formation  of  hemoglobin,  resulting  in 
improved  nutrition,  produced  in  certain  forms  of  anemia, 
but  not  in  normal  individuals. 

2.  An  increase  of  the  reserve  stock  of  iron  in  the  body. 

3.  A  local  astringent,  styptic,  irritant,  or  corrosive  action. 

4.  An  arsenic-action  when  the  salts  are  infected  intravenously 
(preparations  which  do  not  precipitate  the  serum  proteids)  or  subcu- 
taneously ;  or  when  corrosive  preparations  are  introduced  in  the  ah- 
mentary  canal.  When  iron  is  suddenly  introduced  into  the  circulation 
in  this  manner,  it  is  almost  as  toxic  as  arsenic  (Jacobj,  1887).  In 
medicinal  doses,  iron  is  not  absorbed  in  suflScieni  amount  to  show  this 
action,  even  in  the  slightest  degree. 

II.    THE    ABSORPTION,    EXCRETION,    AND    METABOLISM 
OF  IRON. 

The  investigations  of  Tartakowski  (1903  and  1904)  have  settled 
several  disputed  questions  in  this  subject,  and  necessitate  a  revision 
of  the  theories  which  prevailed  when  the  first  edition  of  this  book 
was  published.  The  absorption  and  assimilation  of  Iron  has  been  one 
of  the  great  "  Streitfragen "  of  pharmacology,  which  deserves  to  be 
studied  as  illustrating  the  general  course  of  investigating  a  difBcult 
problem,  as  well  as  for  Its  practical  bearing. 

All  compounds  of  iron,  when  introduced  in  the  ali- 
mentary canal,  are  first  converted  into  loose  organic  com- 
pounds (probably  with  proteids),  in  which  form  they  are 
absorbed  from  the  entire  surface  of  the  intestinal  canal,  but 
particularly  from  the  duodenum,  A  part  generally  escapes 
absorption  and  is  eliminated  with  the  feces.  The  part 
which  is  absorbed  penetrates  the  epithelium  in  a  dissolved 
condition,  and  passes  through  the  stroma  into  the  lacteals, 
and  from  here  to  the  mesenteric  lymph  glands  and  through 
the  thoracic  duct  into  the  blood.  In  the  lymph,  the  iron 
exists  partly  in  solution  in  the  plasma,  and  partly  in  the 
lymph  corpuscles,  often  in  granule  form  (ferrocytes).  It 
is  probable  that  a  part  of  the  iron  is  also  absorbed  by  the 
capillaries  and  carried  directly  to  the  Hver.  From  the 
blood,  the  iron  is  deposited  as  granules  in  an  easily  decom- 
posed organic  form  (ferratin)  in  the  cells  of  the  hemato- 
poetic  organs,  in  the  liver  and  red  marrow,  and  particularly 
in  the  spleen,  to  a  less  extent  in  the  kidneys.     In  this  form 
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it  remains  until  it  is  used  or  excreted.  The  excretion  is 
not  perfectly  understood,  but  it  occurs  mainly  by  the  cells 
of  the  intestinal  tract,  as  a  firm  organic  compound.  Traces 
are  also  excreted  in  the  urine,  bile  and  gastric  juice. 

The  utilization  of  the  iron,  its  transformation  into  hemo- 
globin, occurs  only  as  needed,  so  that  the  total  quantity  of 
hemoglobin  never  rises  above  normal.  The  same  is  prob- 
ably true  of  its  utilization  by  other  cells.  An  excessive 
absorption  of  iron  results  merely  in  an  increase  of  the 
reserve  stock. 

The  administration  of  iron  is  therefore  useful  only  in 
those  conditions  in  which  the  normal  income  or  the  assimi- 
lation of  iron  are  deficient. 

There  is  at  present  no  conclusive  evidence  that  different 
forms  of  iron  have  a  different  fate  in  the  body ;  the  indica- 
tions are  rather  that  they  behave  exactly  alike. 
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Orxanic  end   Inorgsnic   Iron.— To   understand   the  < 

nmst  have  a  clear  conception  of  the  terms  "  inorganic  "  and  "  organic  " 
iron.  Inorganic  iron  preparations  contain  the  metal  in  ion-form ;  i.  e., 
n  can  be  separated  from  Ihem  by  electrolysis;  and  they  give  the 
actions  (with  ammonium  sulphid,  ferrocyanid,  or  hemo- 

^ t  preliminary  treatment  of  any  kind.     Il  is  immaterial 

whether  Ihe  iron  is  combined  with  an  organic  or  inorganic  anion. 
Even  the  albuminate  of  iron  is  considered  as  "  inorganic  "  in  this  sense. 
Organic  iron  preparations,  on  the  other  hand,  contain  the  metal  as 
a  constituent  part  of  the  molecule,  in  a  non-dissociable  condition,  so 
that  they  do  not  give  the  iron  tests  until  the  metal  has  been  liberated 
by  the  decomposition  of  this  molecule.  There  are  all  degrees  in  the 
fimmess  of  the  organic  combination :  some  are  decomposed  by  dilute 
acids  ( ferratjn.  the  granules  in  which  the  iron  reserve  is  stored  in 
the  spleen,  liver,  etc.)  ;  in  others  (hemoglobin,  and  the  iron  of  food) 
nothing  short  of  combustion  or  heating  with  concentrated  acids  will 
liberate  the  iron. 

Hlitoricol  Summary,— Even  the  ancients  employed  iron  in  the 
treatment  of  anemia;  drinking  water  in  which  swords  had  been  al- 
lowed to  rust.  It  is  very  likely  that  they  were  led  to  do  so  by  an 
obscure  idea  that  the  strength  of  the  steel  would  in  some  way  pass 
into  the  patient.  With  the  discovery  of  the  presence  of  iron  in  the 
blood,  the  therapeutic  results  seemed  to  be  easily  explained  on  the 
assumption  that  the  iron  is  absorbed  and  converted  into  blood,  much 
as  the  nitrogen  of  food  is  converted  into  muscle.  The  earlier  experi- 
ments, however,  failed  to  show  any  absorption  of  the  medicinal  iron 
preparations.  This  led  some  observers  to  consider  the  clinical  results 
obtained  with  iron  as  largely  imaginary;  whilst  others  (especially 
Bunge,  1885)  were  inclined  to  attribute  them  to  the  local  actions  of 
iron  on  the  alimentary  canal. 

There  could  never  be  any  question  as  to  the  absorption  of  food-iron, 
for  the  hemoglobin  increases  with  the  growth  of  the  animal.  The 
same  holds  true  for  certain  organic  irons,  and  MacCallum  (1894)  and 
Hill  (1896)  studied  this  absorption  by  microchemie  methods.  The 
absorption  of  inorganic  iron  was  also  proven,  but  the  latter  result  was 
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criticized,  the  objection  being  made  that  the  iron  had  produced  corro- 
sion. This  was  finally  withdrawn,  but  it  was  now  claimed  that  inor- 
ganic iron,  whilst  it  is  absorbed,  cannot  be  converted  into  hemoglobin 
(Abderhalden,  18991  Hoffmann,  1900) ;  but  that  it  is  nevertheless 
beneficial  in  anemia,  by  stimulating  the  blood-producing  organs  to  a 
better  use  of  the  organic  irons. 

These  misconceptions  were  due  to  difficulties  inherent  in  the  prob- 
lem, which  could  only  be  gradually  overcome. 

Estimation  of  Iron  in  tlie  Excreta. —  If  one  wishes  to  show  the 
absorption  of  nitrogen  or  of  chlorids,  it  suffices  to  estimate  the  quan- 
tity of  these  substances  in  the  food,  and  in  the  feces  and  urine.  The 
same  method  was  applied  to  iron.  The  results  seemed  to  show  that 
absolutely  no  absorption  occurs,  for  the  iron  of  the  feces  approximates 
that  of  the  food,  and  the  iron  in  the  urine  is  not  at  all  increased.  It 
was  soon  shown,  however,  that  the  intestines  are  the  principal  channel 
for  the  excretion  of  the  iron ;  for  the  feces  contained  this  metal  even 
in  starvation;  and  when  iron  was  injected  subcutaneously  very  much 
more  was  excreted  by  the  feces  than  by  the  urine.  It  was  therefore 
evidently  impossible  to  decide  whether  the  fecal  iron  was  unabsorbed 
or  excreted.  Absorption  could  only  be  proven,  by  this  method,  if  it 
predominated  greatly  over  the  excretion.  The  estimation  of  the  iron 
m  the  bile  and  in  the  intestinal  juice  gave  similarly  inconclusive  re- 
sults. 

Eitimction  of  Iron  In  the  Body  and  In  Org«ni.^A  much  more 
promising  method  of  investigation  consists  in  the  estimation  of  the 
iron  in  the  tissues.  Since  it  is  necessary  to  kill  the  animal  in  order 
to  estimate  the  iron,  it  was  necessary  to  make  control -experiments. 
This  would  be  impossible  if  the  animals  were  chosen  at  random,  for 
the  individual  differences  of  iron  content  are  often  greater  than  the 
quantities  which  could  be  absorbed.  Bunge  found,  however,  that  the 
proportion  of  iron  in  new-born  animals  is  very  high,  and  that  it  de- 
creases steadily  during  the  period  of  lactation  (because  milk  is  very 
poor  in  iron)  until  it  has  reached  a  practically  constant  quantity  — 
about  the  17th  day  in  guinea-pigs  or  rabbits,  and  the  23d  or  24th  day 
in  dogs.  The  animals  of  tlie  same  litter  can  therefore  be  used  for 
controls,  some  being  fed,  at  the  end  of  the  lactation  period,  with  iron- 
poor  food,  others  with  the  same  food  to  which  the  iron  preparation  is 
added.  Rice  and  milk,  which  contain  a  very  small  proportion  of  iron, 
are  commonly  employed.  The  animals  which  do  not  receive  the  iron 
thrive  very  poorly,  remaining  small  and  emaciated.  Those  which  re- 
ceive iron,  in  any  form,  show  an  unmistakable  increase  in  the  total 
iron  content  of  the  body,  especially  of  the  liver  and  spleen  (Hall, 
1894).  But  to  obtain  differences  beyond  the  experimental  error,  it  is 
neeessarj-  to  administer  fairly  large  quantities.  These  are  of  course 
"  especially  exaggerated  when  small  animals,  such  as  mice  or  rats,  are 
used ;  this  exposed  the  earlier  experiments  to  the  very  reasonable 
charge  that  the  inorganic  iron  preparations  were  absorbed  merely 
because  of  their  corrosive  action  (Haussermann).  This  has  only  re- 
cently been  disproved  by  using  larger  animals,  in  which  it  can  be 
definitely  shown  that  there  is  no  such  corrosion. 

Microchemic  Method. —  Important  information  was  obtained  by  ap- 
plying the  color  reactions  for  iron  directly  to  the  tissues.  The  macro- 
scopic examination  of  the  depth  of  stain  gives  a  general  idea  of  the 
quantitative  distribution  of  the  iron,  the  details  being  revealed  by 
microscopic  study.  Since,  however,  the  iron  compounds  are  apt  to 
dissolve  in  the  fixing  solutions,  many  of  the  earlier  experiments  gave 
fallacious  results.  The  best  method  consists  in  hardening  the  tissues 
in  alcoholic  ammonium  sulphid  and  converting  the  ferrous  sulphid 
into  the  more  Stable  Berlin  blue,  by  treatment  with  potassic  ferrocyanid 
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and  dilute  hydrochloric  acid.  Only  the  inorganic  and  the  loosely  com- 
bined organic  iron  is  revealed. 

The  experiments  are  made  on  animals  with  different  diets,  or  fed 
on  iron,  for  varying  periods.  The  absorption  of  the  iron,  and  its 
deposition  in  the  hematopoetic  organs  can  be  followed  in  this  way, 
eading  to  ihe  conclusions  detailed  on  page  622, 

Reierve  Stack  of  Iron. —  Animals  on  an  ordinary  diet  lay  up  a 
considerable  reserve  stock  of  iron,  as  loose  proteid  compounds,  espe- 
cially in  the  spleen.  This  reserve  disappears  gradually  when  a  diet 
poor  in  iron  is  given,  or  when  there  is  an  extraordinary  use  of  iron, 
as  after  hemorrhages,  or  during  pregriancy  (when  considerable  iron 
is  transferred  to  the  fetus).  The  deposits  increase,  on  the  other  hand, 
when  the  iron  of  the  food  is  increased.  If  the  lymph  is  made  to  flow 
off  through  a  fistula  of  the  thoracic  duct,  the  increase  of  the  iron  con- 
tent of  the  spleen  does  not  take  place  (GatUe,  1896) ;  this,  together 
with  the  increased  iron  content  of  the  mesenteric  lymph  glands,  indi- 
cates that  the  iron  is  largely  absorbed  through  the  lymphatic  system. 
(The  "liver"  of  mollusks  also  accumulates  a  stock  of  iron.) 

Excretion  of  Iron. —  The  chemical  data  have  proven  that  iron  is 
excreted  principally  by  the  cells  of  the  alimentary  canal.  The  cells  of 
the  large  inlestine  show  a  particularly  strong  iron  reaction,  granules 
occurring  especially  toward  the  fundus  of  the  crypts.  This  was  sup- 
posed to  indicate  that  the  iron  was  in  process  of  excretion,  especially 
since  the  reaction  could  be  obtained  for  a  considerable  time  in  starva- 
tion. It  has  been  shown,  however,  that  the  reaction  fails  when  the 
access  of  food  is  prevented  (by  a  Thiry  fistula).  The  scanty  secretion 
which  occurs  in  this  isolated  segment  does,  however,  give  an  iron  reac- 
tion after  incineration.  This  forces  to  the  conclusion  that  the  iron  is 
excreted  in  very  firm  organic  combination ;  and  that  the  loosely  bound 
iron  in  the  cells  of  the  large  intestine  is  really  in  process  of  absorption. 
It  is  not  known  whether  any  of  the  excreted  iron  can  be  reabsorbed, 
or  whether  the  iron  which  is  liberated  during  the  destruction  of  red 
corpuscles  can  be  utilized  again ;  the  impossibility  of  producing  severe 
anemia  in  adult  animals  by  limiting  the  iron  of  the  food,  indicates  that 
the  iron-stack  may  be  used  several  times.  But  a  considerable  portion 
is  undoubtedly  lost  by  the  feces. 

AMlmllation  of  Iron.— It  would  be  quite  conceivable  that  the  ab- 
sorbed iron,  particularly  the  inorganic  preparations,  were  of  as  little 
use  to  the  organism  as  the  particles  of  solid  carbon  which  are  absorbed 
by  the  lungs.  It  had  to  be  shown,  therefore,  that  the  iron  can  be 
actually  assimilated  and  converted  into  hemoglobin.  This  could  not 
be  done  on  normal  animals,  because  the  normal  income  of  iron  is 
amply  sufficient  for  all  the  needs  of  the  organism  ;  an  excess  has  no 
effect  whatever  on  the  hemoglobin.  The  animals  must  be  reduced  to  a 
condition  in  which  the  needs  exceed  the  ordinary  income.  In  young 
and  actively  growing  animals,  this  may  be  secured  by  a  diet  poor  in 
iron  (milk  and  rice).  This  produces  a  progressive  fall  of  tne  per- 
centage of  hemoglobin,  and  the  animals  become  emaciated  and  do  not 
develop.  As  soon  as  iron,  in  any  form,  is  added  to  the  diet,  the  animals 
recover  very  raqidly.  It  must  therefore  be  concluded  that  all  forms  of 
iron  can  be  assimilated.  The  same  result  is  obtained  with  adult  ani- 
inals.  These  cannot  be  rendered  markedly  anemic  by  an  iron-poor 
diet ;  by  drawing  on  their  reserve  stock,  and  possibly  by  utilizing  the 
iron  several  times,  they  can  keep  up  an  almost  normal  percentage  of 
hemoglobin  for  a  considerable  period.  They  can,  however,  be  ren- 
dered anemic  by  hemorrhage.  Even  a  rather  severe  single  hemorrhage 
is  rapidly  recovered  from  on  a  milk  and  rice  diet ;  but  when  several 
hemorrhages  have  been  made  and  the  iron  reserve  has  become  ex- 
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hausted,  recovery  occurs  only  when  iron  (in  any  form)  is  added  to 
this  diet. 

Doei  Inorgmnlc  Iron  Stimulate  the  Bone  Mkitow?  —  The  earlier 
experiments  seemed  to  indicate  that  inorganic  iron  only  increased  the 
hemoKlobin  when  it  was  given  in  conjunction  with  organic  iron;  it  was 
thefcfore  assumed  that  it  could  not  be  assimilated,  but  that  it  stimu> 
lated  the  blood  forming  organs.  The  above  experiments  remove  the 
need  for  this  theory,  which  has  no  longer  any  experimental  founda- 

Syntheiii  of  Hemoglobin. —  The  conversion  of  iron  into  hemoglobin 
is  perhaps  the  only  known  instance  of  the  synthesis  of  a  proteid  from 

a  strictly  inorganic  compound,  in  the  animal  organism. 
Local  Actlona  of  Iron  on  the  Alimentary  Canal.^The  inorganic 

salts  of  iron  produce  an  astringent  effect,  which  may  conceivably  sup- 
port their  other  actions,  by  improving  digestion.  There  is  always  dan- 
ger,  however,  that  the  useful  action  passes  into  irritation,  and,  in  fact, 
iron  causes  digestive  disturbance  (especially  constipation)  more  often 
than  improvement.  It  may  be  useful  in  fixing  sulphuretted  hydrogen 
when  this  is  present. 

The  administration  of  iron  does  not  cause  renal  irritation. 

Effects  on  Qenerol  Nutrition.—  Whilst  these  are  doubtless  mainly 
the  indirect  result  of  the  increase  of  hemoglobin,  it  must  not  be  over- 
looked that  iron  forms  a  constituent  of  most  cells,  and  some  of  its 
effects  may  be  direct;  but  its  importance  in  this  connection  is  difficult 
to  estimate.  The  majority  of  organisms  require  some  iron,  even  those 
which  do  not  form  hemoglobin.  (The  blood  of  some  invertebrate  ani- 
malt  contains  copper  or  manganese  in  place  of  iron.) 

III.  THERAPEUTICS  OF  IRON. 
1,  In  Anemia. —  The  administration  of  iron  would  be 
useful  in  all  conditions  in  which  the  need  for  iron  exceeds 
its  income;  conditions  which  are  characterized  by  a  low 
percentage  of  hemoglobin,  and  by  the  general  clinical  pic- 
ture of  anemia. 

It  does  not  follow,  however,  that  iron  will  be  beneficial  in  every  case 
of  anemia ;  on  the  contrary,  it  is  to  be  expected  that  it  will  he  useless 
when  the  assimilation,  rather  than  the  increase  of  iron,  is  deficient.  In 
pemicloUB  anemia,  for  instance,  a  most  severe  destruction  of  cor- 
puscles is  accompanied  by  a  conspicuous  increase  of  the  reserve-iron  of 
the  spleen.  A  further  supply  of  iron  would  be  valueless,  as  has  been 
confirmed  by  clinical  experience. 

The  plainest  indication  for  iron  is  furnished  by  the 
anemia  produced  by  severe  or  repeated  hemorrhage.  In- 
fantile anemias  are  often  traceable  directly  to  a  deficient 
iron  content  of  the  food,  and  would  be  greatly  benefited 
by  iron.'  Some  cases  of  simple  anemias  in  adults  may  also 
be  due  to  this  cause. 

'.This  will  be  the  cate  ctpecially  olicti  (he  iorant  ii  kept  too  lonK  on  ao 
exclusive   m[1k    diet.     It    may    also   be    favored    hj   an    inferior   qualitv    of    milk: 
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Most  instances  of  anemia,  and  especially  ohloroiia,  cannot 
e  attributed  directly  to  deficient  iron-income;  but  never- 
heless,  the  administration  of  iron  secures  very  brilliant 
esults.  It  must  therefore  be  supposed  that  conditions 
xist  in  these  diseases,  which  demand  an  extraordinary 
ncome  of  iron  to  keep  the  hemoglobin  normal.  . 

Iron  In  Chlorosis. —  A  complete  explanation  of  the  action  of  iron  in 
hlorosis  can  only  be  furnished  when  the  pathology  is  underslood. 
rhis  is  not  the  case  at  present;  little  is  known  beyond  the  fact  that 
he  hemoglobin  is  decreased  much  more  than  the  number  of  cor- 
luscles.  and  that  the  excretion  of  iron  by  the  urine  is  nearly  normal.' 
Even  the  question,  whether  the  reserve  stock  of  iron  is  altered,  does 
lot  seem  to  be  decided.  Digestive  disturbances  are  often  present,  but 
h^  may  be  secondary  or  accidental. 

Our  knowledge  of  the  etiology  is  equally  unsatisfactory.  It  has  in- 
deed been  shown  by  Stockmann  that  the  diet  of  chlorotic  ^rls  is  often 
rcry  poor  in  iron  (containing  2.8  to  3.2  mg.  per  day,  instead  of  the 
normal,  6  to  14  mg-).  But  this,  as  well  as  other  unhygienic  conditions, 
can  only  be  considered  as  contributory  factors,  since  many  persons  are 
snbject  to  these  conditions,  whilst  chlorosis  is  confined  to  females 
aboLit  the  age  of  puberty. 

The  treatment  is  much  more  successful  than  might  be  expected. 
The  administration  of  iron  holds  the  first  place.  This  should  be  sup- 
cemented  by  proper  hygiene  —  good  air,  rest,  suitable  diet,  stomachics, 
attention  to  the  bowels  (aloea),  etc  Arsenic,  phosphorus  or  manga- 
nese are  often  used  in  addition  to  the  iron:  it  \s  difiicult  to  judge  of 
their  value. 

Administration. —  The  objects  to  be  kept  in  mind  are : 
to  administer  a  maximum  of  iron,  with  a  minimum  of 
di^tive  disturbance.  The  latter  object  can  be  best  met 
by  food-iron  or  organic  iron.  However,  it  is  impossible 
to  introduce  large  quantities  of  iron  by  the  food ;  and  the 
organic  iron  preparations  (hemoglobin,  ferratin,  iron- 
somatose,  etc.)  are  rather  expensive.  Of  the  inorganic 
iron  preparations,  the  least  irritant  are:  reduced  iron  (as 
powder  or  pills),  and  the  carbonate  or  sulphate  (as  pills). 
Ferric  chlorid  (tincture)  is  generally  given  when  a  fluid 
form  is  desired.  The  incompatibilities  of  iron,  especially 
with  tannin,  must  be  remembered. 

The  dose  is  to  be  regulated  by  the  experience  in  each 
case.    When  it  is  badly  born,  a  change  to  another  prepara- 


Bg).  that   of   unhiattby  mothers  i>  poorer  in   iron;   »nd   artificiai 
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tion  is  sometimes  useful.  The  tendency  to  constipation 
must  be  met  by  aloes  or  other  cathartics. 

Iron  Content  of  Food. —  It  suffices  to  remember  that  blood,  meat, 
^olk  of  eggs,  and  the  green  portions  of  vegetables  are  especially  rich 
in  iron  (17  to  40  tag.  per  100  Gm.  of  dry  substance) ;  whilst  egg  white, 
milk,  and  the  cereals  (especially  white  nour)  are  poor  in  iron.  Whole 
wheat,  potatoes  and  the  legumes  are  intermediate. 

2.  Local  Van  of  Iron. —  The  tincture  of  ferric  chlorid  is 
employed  as  an  astringent,  especially  in  gargles  (1:10); 
this,  and  particularly  the  LJq.  Ferri  Subsulph.,  are  also 
used  as  local  styptics. 

IV.  MATERIA  MEDICA  OF  IRON. 

Only  the  most  important  preparations  need  to  be  studied.    It  may 
be  remembered  that   ferric   salts  have  a  reddish,   ferrous  a  greenish 
color.    The  most  important  incompatibiUlies  are :  alkalies,  tannin,  sali- 
cylates, phenol. 
I.  Preparation*  Used  Mainly  Externally: 

Ferri  Chloridum  (U.  S.  P.).— FeCU +6H,0.  Freely  soluble  in 
water  or  alcohol.    22%   Fe.    Dote:  0.065  Gm.  =  i  gr.   (U.S.  P.). 

Liquor  Ferri  Chhridi  (U.  S.  P.)  =about  29%  of  the  anhydrous  salt, 
or  10%  Fe.    Doie:  o.i  c.c.  =  i^i  m   (U.S.P.). 
Liquor  Ferri  PercMoridi  Fortis   (B,  P.)=22^%  Fe, 
Liquor  Ferri  Nilralis   (B.  P.)=3.3%  Fe. 

Liquor  Ferri  Subsutphatis  (U.  S.  PJ  (Monsefs  Solution,  made  by 
oxidizing  Fe,SO.  with  HNO.  and  H,SO.)  =  i3,6%  Fe. 

Liquor  Ferri  Tersulfihalis   (U.  S.  P.,  B,  P.)    (Solution  of  Ferric  Sul- 
phale)=Ahout  36%  of  Fe,(SO.)j  =  io%  Fe. 
This  is  used  in  the  preparation  of; 

Ferri  Hydroxidum  Hydralum  cum  Magnesii  Oxido  (U.  S.  P.)  iAr- 
lenic  Anlidote). 

The  following  should  be  kept  on  hand : 

A :     Liquor  Ferri  Tersulphatis  40,  Water  125. 
B:     Magnesia  10,  Water  800. 
When  wanted,  B  is  well  shaken,  A  is  added,  and  the  mixture  is 
shaken  until  smooth.    It  is  given  in  tablespoonful   doses,  very 
frequently   repealed    (in   all    125   c.c.^45>.  and    followed  by 
lavage  or  emetic,  and  a  saline  purgative. 

a.  InioluUe   Inorganic   Preparations    (administered  as  powders  or 

pills)  : 

Ferrutn   (U.  S,  P.). —  Bright  wire,  used  in  making  the  salts. 

Ferrum  Reductum  (U.  S.  P.,  B.  P.).— By  reduction  of  ferric  oxid 
by  hydrogen.  Dose:  O.06  to  0.3  Gm.  (i  to  5  grains)  (0.065  Gm.= 
1  gr..  U.  S.  P.). 

Trochiscui  Ferri  Redueii  (B.  P.). —  Each  contains  i  gram, 

Ferri  Carbonas  Sacckaratus  f  U.  S- P..  B.  P.).— 15%  FeCO^  Made 
by  precipi  latin  IT  FeSOi  with  NaHCO..  Greenish -brown  powder  of 
sweetish  ferruginous  taste:  easily  oxidized  in  air.  Dose:  0.12  to  0.6 
Gm.  (2  to  10  grains)    (0.25  Gm.^4  grs..  U.S.P.). 

'  A  table  of  the  itOB-content  of  food  ii  given  on  p.  611  of  the  Crst  edition  nf 
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Ferrous  Carbonate  is  also  contained  in: 

Massa  Ferri  CarbonatU  (U.  S,  P.).— (Fo/fe^*  Matt.) —VatA  in 
pill  *0"n.    Dose:  0x6  to  aa  Gm.  (i  to  5  grains)   (0.25  Gm.=4  grs., 

pilida  Ferri  CarbonaHs  (U  S.  P.)  [Filula  Ferri,  B.  P.].— [Btawtfj 
(Chalybeate)  Pills.)    Dose:  i  or  2  (5  to  10  grains,  B.  P.). 

Ferri  Hydroxidum  (U.  S.  P.).—  (Ferric  Hydrate.)—  Fe<OH)fc 
Made  by  preapitating  Ferric  Sulphate  with  Ammonia.  Used  in  the 
prefiaralion  of  other  salts. 

Ferri  Phorphos   (B.P.).—  Do4e:  a3  to  0.6  Gm.   (s  to  10  irrains). 
3.  Solid  Soluble  Inorganic  Salt*:    Administered  in  pill-form  or  solu- 
tion.   Generally  insoluble  in  alcohol,  unless  otherwise  stated 

FERROUS  SALTS. 

SoLtmL-    PerCt.     , _, 

ITY  IN   Mftaluc    Avka^  Dos». 
Watml      Iboh.  <U.S.  p.). 

Ferri  SuJfilias 

(U.  S.  P.,  B.  P.) 
Frrri  Sulphas  Granti- 

talus  <U.S.P.) 
Ferri  SulpkaiExiieeatusiV.S.P.). 

—  ICO  Gm.  dried  to  6s  Gm o.t«  Gm.=2aTS. 

Pil^kt  Aloes  el  Fmf  (U.S.P.).  ^ 

Dote:    3  t))lls^0'i4   Gm. 
=  2    grs.    of    ferrous    sul- 
phate and  aloes. 
FUais  Ferri  lodidi  (U.S.P..— 
Dow.-  2  pills  =0.08  Gm.  Fcand 
aio  Gm.  iodin. 

FERRIC  SALTS,  CRYSTALS. 
Ftrri  Chloridum.—  Sec  above. 
Ferri      et      Ammonii      Sutphas 

(V.S.P.).— Ferric     Al3,nt.—  Fe 

NH,{SO.).  +   12H/).      Violet 

crystals  3-7  ii.s  0:5Gm.  =  7J^grs. 

Ftrri    Hjfpothosphis    (U.S.P.).— 

Fe(PIf,0,),   2300      0.2  Gm.  =3 grs. 

FERRIC  "SCALE"  SALTS,  SIMPLE 

The  "scale  salts"  occur  as  thin,  transparent  scales,  of  somewhat 

uncertain  composition.    They  have  a  garnet-red  to  reddish-brown  color, 

with  the  exception  of  Sol.  Iron  and  Quinin  Citrate,  Sol.   Phosphate, 

*nd  Pyrophosphate,  which  are  green: 

^,^"!l^"  M^,*;!;.    Average  Dose. 
ITY  IK    Metaixic        /tt  c  p\ 
Water.       Iron.  l.u-a-f.;. 

Ptrri  Cilras  '  (U.S.P.) Sol.        16.         0,25  Gm.  =  4  grs. 

Ferri  Phospkas  Solt^Hs 

{U.S.P.)    Freelysol. 

rirri  Pyro  ' 
(U.S.P.) 

Stud^  Uateria  Hedio   LeiKin   48. 

'A  10%  Klntioo  of  tliii  Bit  faas  been  used  for  sdminmenDS  iron  subca- 
"Koobly  (Dd»:  i  c.  c).  Tbe  roultB  are  fairly  aood,  but  the  inlcctloru  are 
"Ukt  jninful.     OrcrdoMi  UUM  )!»<'><  irriubility. 
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DOUBLE  SALTS. 


SOLUBIL-     Pe«  Ct. 
Metallic 


™„  .V,    .^^....^    AvitACi  Dott 

ITY    IN      METALLIC  /It  C  B  1 

Wateb.      Ikon.  (U.S.  P.). 

Ferri  et  Amtnonii  Citrat 

(U.S.P.,  B.P.)    Freelysol.        16.  a3sGiii.=4Pv 

Ferri  el  Ammonii  fartras 

(U.S.P.)    "       "         13.  "  *      , 

Fernet PotassiiTarlras  (U.S.P.) 

(Ferrum  Tartratrum,  B.P.)..    Very  sol,        15.  -  . 

Ferri  el  Quinina  CUras  (U.S.P., 

B.P.)    (11.5%  quinin) Slowlysol.        13.5  "  '      1 

Ferri  et  Quinina  Citras  Solubilis  (U.S.P., 

B.P.)    (11.5%    quinin.) Quicklysol.         13.5 

Ferri  et  Strychnina  Citras 

{U.S.P.)     (i%    strychnin). ...Ffeelysol.         16.        ai35Gm.=I((l 

The  *Proleid  Salts  of  Iron  [Albumituile  (5%  Fe);  Ptpwnw. 
0.35%;  Caseinate,  «c.]  are  given  as  powders.  Dose:  i  Gai.=ii 
Srs.  I 

4.  Liquid  Inorganic  Iron  PreparcUon*,  Single: 

The  liquid  preparations  of  iron  have  a  very  injurious  effw  V*    j 
the  teeth  it  brought  in  contact  with  them.    They  should  ditrtfore  h 
taken  through  a  glass  tube,  and  the  mouth  rinsed  thorougbly. 

Atebage  Dose  (U.SP.)- 

Syrupus  Ferri  lodidi  (U.S.P.,  B.P.), 
S%  Fel I   c.c.  =  is  H. 

Ttnctura  Ferri  Chloridi  (U.S.P.), 
13.28%  of  FeCL  (to  be  largtly  di- 
luted)      as  c.  c.  =8  H. 

Liquor  Ferri  et  Ammonii  Acetalis 
(U.S.?.)    {Botham's  Mixture) i6c,c.=4S. 

Liquor  Ferri  Acetalis  (B.P.)  (to  be 
largely  diluted)  0.12  to  a6  c.  c.       a  to  lonm 

•  Ferrum  Dialysatum.  a  10%  aqueous 
solution    of    ferric    oxychlorid,    freed 

from  excess  of  HQ  by  dialysis  (to  be  .      1 

largely   diluted)    a6tO2.0C.c.      10  to  JO  »■ 

'Elixir  Ferri  Fhosphalis  (N.F.),  3.5% 
Ferric  Phosphate   2to4c.c.     yttafnttO. 


Liquor    Ferri    Perehioridi    (B.P.) 
Tin.  "      ■    "      


finclura  Ferri  Perehioridi   (B.P.).  ..      a3  to  i  ct       5  to  150* 
(Each    contains    one-fourth    of   the 
stronger  solution.) 
SyrMpus    Ferri    Phosphatis     (B.P.)     (r 

drachm  =  i    grainl     4  to  S  c  e.    i  to  I  ineMt 

yinum  Ferri  (U.S.P,  B.P.)    (Iron  and 
Amm.  Citr.,  4%) 8  c.t  =  aS. 

*  Not  official. 


.dbyGoogle 


ORGANIC   IRON.  63I 

|.  Uqtild  Inoi^nic  Iron  Preparations,  Componndi 

Dose: 
Cc.     Drachms. 
Mistura  Fcrri  ComPosita  (U.S.P.,  B.P.)  (GrtY- 
Hih's    Mixture).      About    0.7%    of    Ferrous 
Carbonate  in  suspension  in  flavored  water..  16  4 

Syrupus    Ferri    Phosphalis    cum     Quitiina    el 

Strychnina    (B.P.)     (Easton'i   Syrup) 3  to  4        }4  to  I 

Ferric  Phosphate 2% 

guinin  Phosphate   3% 
irychnin    0.02% 

Elixir    Ferri,    Quinina,    ef    Strychnina    Phot- 

phatum   (U.S.P.)    (see  Index) ^  1 

Glyceritum  Ferri,  Quinina,  el  Strychnina  Phos- 

fkalum   (U.i).P.)    (see  Index) i  % 

Vtnunt    Ferri    Amarum     CU.S.P)     (Iron    and 

Quinin  Citrate,  5%    flavored  with  orange) .  .  8  4 

Sympiii  Hypophosphttum  Compositut  (U.S.P.)  8  2 

6.  Iron  (Chalybeate)  Mineral  Wateri.— These  contain  the  iron 
most  often  as  ferric  bicarbonate;  sometimes  as  sulphate,  oxid, 
and  very  rarely  as  chlorid, 

7>  Organic  Iron  Preparatloni. —  Only  some  of  the  scientific  prepara- 
tiwis  can  be  considered  in  this  connection.  Sone  ore  omcial. 
The  dose  is  usually  I  Gm. 

(a)  Artificial  Prqtaratlona:* 

Percektagi 

Ferratin  (ferri-albuminic  acid)  :  Originally  prepared 
from  liver  (Schmiedebere,  1894),  but  at  present 
obtained  artificially  (Marlori,  i892)>    Insoluble...  6.0 

Iron  Somatose  (albumose)  :    2%  Fe.    Soluble 15. 

Ferri  vitellinum  Synlhelicum  (Ovoterrin) ;  combination  of  ferric 
hydrate  with  modified  serum -album  in.  Doie  of  5%  solution 
=  tablespoonful,^o.o6s  Gm.   (i  grain)    Fe. 

(b)  Prom  Blood; 

Blood,  in  its  original  form,  is  too  re;>el1ant  to  be  therapeutically 
useful.  Its  character  may  be  disguised  by  drying,  or  by  mix- 
ing it  with  glycerin.  Pure  hemoglobin  and  hematin  are  too 
expensive ;  a  suRiciently  pure  form  of  hematin  may  be  pre- 
pared cheaply  by  digesting  blood  with  an  acid  pepsin  solution: 
the  hematin  is  precipitated,  whilst  the  other  proteids  remain 
for  the  most  part  in  solution,  and  can  be  removed  by  wash- 
ing.    (Sollmann,  1902). 

Hemoh:  Obtained  by  the  reduction  of  hemoglobin 
through  zinc  dust   (or  by  other  metals) 0.2%  Fe, 

Hemogallol:  Obtained  by  precipitating  blood  by 
pyrogallol    

(c)  Prom  Other  Sources: 

Hematogen  CBunge,  1885)  :  A  nucleo-proteid  from 
egg  yolk  a3%  Fe. 
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Various  other  nucleo-proteids  are  also  used,  such  as  Ferratogtn, 
obtained  by  the  artificial  digestion  of  yeast  grown  on  media  containing 
iron;  ^1%  Fe. 

Vm.  MANGANESE  AND  CHROMIUM. 

Manganese  and  chromium  are  not  absorbed  in  sufficient  amount  to 
have  any  general  action,  the  phenomena  in  poisoning  by  the  soluble 
salts  (permanganates,  chromates,  etc.)  being  entirely  local;  t,  e,,  ex- 
erted upon  intestines  and  kidneys.  This  holds  true  even  when  the 
soluble  preparations  are  introduced  into  the  circulation. 

The  chromium  salts  cause  a  diabetes.  This  is  due  purely  to  injury 
of  the  kidney,  for  the  sugar  of  the  blood  does  not  rise  above  nonnal 
if  the  .ureters  are  ligated.  The  nephritis  is  confined  mainly  to  the 
tubular  epithelium  (Gergens,  1876),  When  bichromates  are  given  by 
the  mouth,  they  are  reduced  to  chromous  oxid  and  partly  deposited 
as  such  in  very  numerous  organs,  the  rest  being  excreted  t^  the  urine 
(Kappeler,  i8g6). 

The  absorption  and  excretion  of  manganese  is  the  same  as  that  of 
iron  (see  pp.  622  to  6a6)      (Harnack  and  Schreiber,   1901). 

Manganese  dioxid  is  sometimes  used  empirically  as  an  emmena^gue, 
or  to  replace  iron  in  its  other  uses,  but  is  of  very  questionable  utility. 

SoLUBIL- 

itv  in  averagb  e>ose. 

Watce.  (U.S.P.) 

ManeatU    Dioxidum    Pracipitatutn 

CU-S-P.),  MnO,  Insol.  0.25  Gm.  =4  grs. 

Mangani  Sulphas  (U.S.P.).  MnSO, 

+  4H1O    0.7  0.35  Gm. =4  grs. 

Mangani    Hypophospis     (XJ.  S.  P.), 

Mn(PH^,),  +  HiO  0.2  Gm.  =3  grs. 

Potassii     Permanganas     (U.  S.  P., 

B.P.),  KMnO.  15  0.065  Gm.  =  i  gr. 

■  Syrupus   Ferri   ft   Mangani   lodidi 

(N.F.)    4  toS=i  to  2  drachms. 

Chromii  Trioxidum  (U.S.P.,  B.P), 

CrOi   Very  sol.        Only  externally. 

Potassii  Dichromas  (U.S.P.,  B.P.), 

K,CrO,  9  iomg.  =  H  gr. 

Liquor  Acidi  Chromici  (B.P),  25%      Only  externally. 

IX.  ALUMINUM. 
The  salts  of  this  metal  have  a  purely  local  action  when 
given  by  the  mouth ;  they  are  not  at  all  absorbed  from  the 
intact  alimentary  canal  (Plagge  and  Lebbin,  1893).  Even 
very  large  doses  cause  only  a  local  exudative  inflammation 
(hence  vomiting  and  diarrhea).  This  is  due  to  their  pre- 
cipitating proteids.  They  are  therefore  antiseptic  and 
astringent.  The  precipitate  is,  however,  soluble  in  an  ex- 
cess of  proteid.  They  spread  very  slowly  even  when  in- 
jected subcutaneously,  and  appear  to  penetrate  cells  with 

•  Not  oiikial. 

Study  Materia  Med!ca  Leuon  48. 
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the  greatest  difficulty ;  for  the  symptoms  appear  only  sev- 
eral days  or  weeks  after  the  injection  (Siem,  1886),  at  a 
time  when  the  metal  has  entirely  disappeared  from  the 
blood,  and  has  become  fixed  in  the  cells.  The  symptoms 
then  resemble  those  of  subacute  arsenic-poisoning.  They 
never  occur  when  aluminum  salts  are  given  by  mouth,  no 
matter  in  what  doses,  nor  how  long  continued. 

The  quantities  which  may  be  dissolved  from  aluminum 
cooking  vessels,  even  by  dilute  acids,  are  too  small  to  be 
of  any  importance.  The  same  is  true  of  residues  of  alum 
baking  powders  {see  below). 

The  tkerapeiitic  importance  of  aluminum  salts  lies  ex- 
clusively in  their  local  astringent  action. 

Doss: 
Owe  Part  Dissolves  it*  Water  :    Metric.     Apothecaries'. 
Alumen  (U.S.P.,  B.P.),  Alum.    A1K  003  to  2x1      5  to  30  grs. 

(SO,)>+ laHiO.      (For     external  9       (to.5  Gm.  =  754  grs„ 

ose    see    garries,    injections,    eye-  U.S.P.) 

waters,  etc,  2% ;  for  tonsilitis,  ao% 

Slycerite  as  paint) 
men  Exsiccatvm  (U.S.P.)t  Burnt 
AIhih.  (Alum  from  which  the 
water  gi  crystallization  has  been  17 
expelled  by  roasting.)  Used  local- 
ly in  powder  form  as  styptic 

AUmim      Hydroxidum        (U.S.P.), 

AI(OH)i.     By   precipitating   alum 

with  NatCOi Insol.    0.06  to  a6      i  to  10  grs. 

Ah,miHi Sulfihas  (U.S.P.),  Al,(SO.)i 

+  i6H,0 I 

'Atumnol  ( Beia-naphthol-disulfonate 

of   aluminum^     Antiseptic    astrin- 

Kcnt;   I  to   5%  aq.  solution,  or  as 

dasting-powder   (mixed  with  5  to 

10  parts  starch  or  talcum) 

Glycennum  Aluminis   (B.P.).   10%.. 

Baking  Powden.— These  are  chemicals  which  serve  as  substi- 
luiea  for  yeast-fermentation,  aerating  bread  and  pastry  dough  by 
Solving  carbonic  acid.  They  are  of  course  altered  in  this  process. 
Jhe  decomposition  products  are  partly  expelled  by  the  heat  of  baking. 
The  fixed  residue  is  the  part  which  could  conceivably  produce  phar- 
Bucolomc  action. 

The  baking  powders  belong  to  four  chemic  types  (Crampton,  i88g) : 

I.  Cream  of  Tartar  Pou-dert. —  Mixture  of  acid  potassium  tartrate 
»id  sodium  bicarbonate.  Reaction :  KHC.H.O.  +  NaHCO,  = 
KNaCH.O.  +  CO,  -|-  H,0.  Residuum:  11  Gm.  of  Rochelle  Salts 
per  loaf  of  bread.     Innocucs. 

i  Phosphate  Powders.—  Calcium  super-phosphate  and  sodium  bicar- 
bonate.    Reaction:      CaH,(PO.)i +  aNaHC0,  =  CaHP0.  +  Na,HPO, 

•  Not    ofliciiil. 
Stodj'  Uateria  Hcdici  Lenon  49. 
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+  2CO1  +  HiO,    Soluble  residuum :  3.5  Gm.  sodium  phosphate  per  loaf 
of  bread.    Innocuous. 

3.  Alum  fout/rrj.^ Alum. (usually  amnionic)  and  sodium  bicarbon- 
ate. Reaetioni  (NH.).A1,(S0,)4  +  6NaHC0.  =  AI.{OH).  + 3Na,S0, 
+  (NH.).SO. +  6CO,.  Residuum,  per  loaf  of  bread:  1.3  Gm.  alumi- 
num hydrate;  3.65  Gm.  sodium  sulphate;  i.i  Gm.  ammonium  sulphate. 
The  aluminum  hydrate  is  insoluble  in  water  1  in  the  stomach,  a  trifle 
may  be  dissolved  by  die  hydrochloric  acid,  and  perhaps  by  the  pro- 
teids;  but  so  little  that  it  cannot  be  important.  The  sulphates  are 
practically  without  action.  (The  addition  of  alum  whitens  pastry 
baked  from  inferior  flour.     This  fraudulent  use  JS  prohibited  in  several 


X.  CERIUM  AND  THORIUM. 

The  actions  of  these  metals  is  evidently  closely  related  to  those  of 
aluminum.  Cerium  is  used,  as  the  insoluble  oxalate,  against  vomit- 
ing, especially  in  pregnancy  (Simpson,  1854;  Mills,  1876).  This  action 
is  purely  local  and  probably  analogous  to  that  of  bismuth.  It  is  un- 
likely that  any  cerium  is  absorbed.  The  systemic  actions  of  the  solu- 
ble salts  have  not  been  adequately  studied. 

Cerii  Oxalat  (U.  S,  P„  B.  P.).—  Ce(CO.),  -1-  qH^.  (Cerous 
oxalate.) — Contains  also  other  earths  (didymium,  lanthanum,  etc.). 
White,  odorless  and  tasteless  powder ;  permanent  in  the  air ;  insoluble 
in  water  or  alcohol;  soluble  in  dilute  acids.  Dose:  0.05  to  0.5  Gm.  (l 
to  8  grains)  (0.065  Gm.  =  i  gt.,  U.S.?.). 

*  Cerium  Nitrate  (soluble)  has  been  substituted,  in  doses  of  aos  Gm, 

Thorium, —  The  nitrate  of  thorium  is  markedly  astringent,  precipi- 
tating proteids  and  coagulating  blood.  Injected  hypodermically,  it 
causes  ulceration.  The  toxicity  is  slight.  It  is  fairly  well  tolerated  by 
the  stomach,  very  large  doses  being  required  to  oroduce  vomiting.  It  is 
not  absorbed  from  the  alimentary  canal.  The  addition  of  sodium 
citrate  prevents  the  coagulant  action.  When  this  solution  is  injected 
intravenously,  it  has  absolutely  no  effect  on  the  circiilation,  or  any 
other  function,  even  when  0.25  Gm,  are  injected  per  Kilogram  of  dog. 
However,  the  animals  remain  emaciated,  and  show  ulcers  of  the  gums. 
When  killed,  after  some  weeks,  an  extensive  calcification  of  connect- 
ive tissue  is  noticed.  The  thorium  is  excreted  by  the  kidneys.  The 
solutions  have  no  effect  on  the  excised  muscle  or  heart  of  frogs 
(Chace  and  Gies,  Brown  and  Sollmann,  1905).  The  nitrate  was  tried 
for  stimulating  ulcers,  but  did  not  prove  superior  to  alum.  The  ox- 
alate and  oxid  are  practically  insoluble, 

Neodymium,  Praesodymium  and  Lanthanum  (as  the  chlorids)  also 
precipitate  proteids.  and  the  observed  effects  can  be  attributed  to  this 
reaction  (antisepsis,  paralysis  of  muscle,  etc,)  (Dreyfuss  and  Wolf 
1905)- 

XI.  COBALT  AND  NICKEL. 

These  metals  are  only  ahsorbed  when  given  in  strongest  solutions 
or  when  long  continued.  The  local  action  is  that  of  metals  in  eeti- 
eral,  with  nothing  particularly  characteristic.  Nickel  salts  have  been  ■ 
tised  as  emetics,  but  are  not  to  be  recommended. 

When  introduced  into  the  circulation  they  affect  the  central  nervous 
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system  directly,  in  addition  to  ihe  usual  metal  action  on  capillaries, 
heart,  and  kidneys'  There  are  tremors,  chorea,  and  convulsions,  foU 
lowed  by  paresis.  In  frogs  the  medulla  is  stimulated  before  the  spinal 
cord    (A.  Stuart,   1884). 

The  urine  is  increased,  and  always  contains  sugar,  often  proteids. 
Cobalt  sails  act  as  antidotes  to  HCN  poisoning,  through  the  formation 
of  cobalt-cyan  ids.  To  be  effective  they  must  be  introduced  subcu- 
taneously  in  doses  which  are  not  devoid  of  danger.  They  are  therefore 
not  to  be  used  in  man. 

*Niccoli  Bromidum. —  Freely  solable.  Dose:  0.13  to  0.52  Gm.  ('2  to 
8  grains). 

XII.  SILVER. 

This  metal  is  absorbed  in  extremely  small  amount,  and 
is  reduced  to  the  inactive  metallic  state  as  snon  as  it  enters 
the  body  (Jacobi),  gor  this  reason  it  can  never  lead  tp 
general  poisoning,  and  the  only  evidence  of  its  absorption 
lies  in  a  dark  discoloration  (argyrism)  of  the  skin  and 
certain  situations,  after  its  prolonged  administration.  This 
is  due  to  the  deposition,  of  metallic  sijyerjn  the  connective 
tissue  of  the  cerium,  the  sweat  glandsTnT^smooth  muscle", 
villi  of  intestine,  etc.  {Frommann,  1859;  Riemer,  1876). 
It  IS  not  seen  in  most  animals. 

If  the  silver  is  introduced  into  the  circulation  its  efffcts 
differ  from  those  of  other  metals  in  the  predominance  of 
nervous  symptoms.  These  are  central  and  mainly  paral- 
ytic. There  is  motor  paralysis  beginning  in  the  hind  legs, 
depression  of  the  respiratory  center  with  asphyxial  con- 
vulsions, stimulation  of  the  vasoconstrictor  center,  fnllnwyfl 
by  paralysis,  etc.  The  secretion  of  bronchial  mucus  is  so 
greatly  increased  that  it  may  lead  to  asphyxia.  This  is 
probably  due  to  injury  to  the  epithelium  (Ball,  1865;  Ja- 
coti,  i»77). 

The  therapeutic  employment  of  silver  in  insanity,  etc.,  is 
a  survival  of  the  fantastic  teaching  of  the  middle  ages, 
when  it  was  based  on  its  dedication  to  the  moon,  and  the 
supposed  connection  of  the  latter  with  lunacy.  Although 
it  is  absolutely  proved  that  silver  cannot  be  absorbed  in 
amounts  sufficient  to  have  any  action  whatsoever,  it  has 
been  tried  again  and  again  against  all  forms  of  nervous 
disease,  with  uniformly  negative  results.  The  indications 
for  it  are  purely  local. 

Silver  is  one  of  the  most  toxic  metals  for  bacteria  and  protozoa. 
but  is  comparatively  innocuous  for  the  mammalian  organisni!  Tfi^ 
salts  have  a  great  attimtv  for  proteids,  and  are  iheretore  astringent. 
irntant,  or  caustic,  according  to  the  strength  in  whicti  they  are  use^- 
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This  combinalion  of  aslrinf;em.  caustic.  anH  antiseptic  actions^  and 
tne  ea^  witn  which  the  effect  may  be  jtraauaied.  make  the  silver  sJt^ 
parlicuiarly  the  niirate,  very  valuable.  The  lactate  has  reccotTy  bees 
introduced  under  the  name  of  "  actoi,"  but  seems  to  possess  do  ad- 
vantage. The  citrate  (also  known  as  "  itrol ")  may  be  used  spaiinglt 
as  a  dusting-powder,  since  it  is  so  little  soluble  (requiring  4.000  parti 
of  water)  that  it  cannot  become  caustic. 

The  ordinary  silver  salts  do  not  penetrate  very  deeply,  since  thej 
are  iirecipiuTed  by  prolcids^nj_cHTprids.  Ihe  addition  oi  didbjiea- 
diamin  lo  silver  phospHate  prevents  'this  precipitation.  This  can- 
pound  (Argenlamin)  is  therefore  more  penetrating.  It  is  marketed 
as  a  fluid  containing  as  much  Ag  as  a  10%  silver  nitrate  solution,  aad 
is  used  in  corresponding  strengtns. 

The  precipitation  can  also  l>e  avoided  by  combining  the  tihvr  tpitk 
prfllfiid*.  The  resultmg  products  usually  dissolve  stowly  m  coU 
water.  The  solutions  decompose  on  exposure  to  light.  A  number  of 
these  products  are  on  the  market,  such  as  Argyrot  (with  yitellin.  ao  to 
35%  A j-.)  ;  Argonin  (with  casein,  4%  Ag.)  ;  Protargot  (with  albumosc. 
0%  Ag7)  ;  Largin  (with  protalbin,  11%  Ag.)!  i  he  compounds  rcQIi 
the  bactericidal  properties  of  silver,  but  are  practically  non -a strmgni 
and  hon-irntant.  The  absence  ot  these  qualities  may  be  destrabie  n 
sAtlie  CUt^Srwhilst  It  is  a  serious  drawback  in  others.  They  are  used  in 
gonorrhea  ('/«  to  2%);  coniuijctivitis  (0.5  to  5%);  nose  and  throM 
infection^  (2  to  10%) ;  etc.  '  " 

~Collaiial  Silver  ("  Collargolum")  is  also  permanently  soluble  ia 
albuminous  fluids,  but  is  rendered  insoluble  by  excessive  quantities  of 
salts.  It  is  claimed  to  possess  a  peculiar  value,  since  it  is  itself  inert 
and  harmless,  and  remains  so  in  contact  with  normal  tissues;  vbilsi 
t»cteria  transform  it  into  the  active  ionic  form.  It  should  therefore 
act  automatically.  It  has  been  used  locally  like  Ihe  ordinary  sihrer 
salts;    subcutaneously,    in    0.5%    solution    for   tuberculous   joints; 

■     "      '  .        -        ^        i^jj^g    j,  . 

(3  Gm.  of  I 
.c.  ofo.s%). 

Solu- 
bility IN  Dose: 
Watdl      Metric    Apothecaries'. 
Argenti  Nitras    (U.S.P.,  B.P.).  Sil- 
ver    Nitrate      (Lunar     Claustic), 

AgNO.  a54    o.oi5too-o6      Simig""- 

If  given   internally,   it   is   best   made  <10  mg.^^   gr, 

into  pills  with  clay  and  vaselin.  U.S.P.) 

Externally  in  ii%  to  2%  solution. 
(See  eye-waters,  injections,  ulcers, 

Argtttli  Nilrai  Fusus  .  (U.S.P.) 
(Lunar  Caustic  in  sticks).  Con- 
tains a  small  quantity  of  chlorid. 

Argenii  Nitras  Induratus  (B.  P.). 
ConUins  5%  of-  KNO.  and  fused 

^rjMfr  mirai '  miRaiui  '  (U.S.P.', 

B.P.)    {Mitigated  Cauitie).    Made 

by    fusini;   3   parts   AgNoi   and   6 

parts  KNOi.  pencils. 

Areenti     Oxidum,     AgO      (U.S.?.. 

B.P.)   Insol.    &Q3too.i2         ^tof(l» 

(ao6sGm.  =  ip, 
U.S.P>. 
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XIII.  GOLD  AND  PLATINUM. 

Gold  and  platinum  are  stiil  more  easily  reduced  to  the  metallic  state 
than  is  silver,  and  are  therefore  devoid  of  general  action  when  taken 
by  the  mouth.  When  injected  into  the  circulation  they  produce  an 
arsenic  action.  They  should  have  no  place  in  rational  therapeutics. 
(Gold.  Scbultz,  1892;   Platinum,  Kebler,   1S7S:   Cohnstein,   i8g2). 

f     Auri  ft   Sodxi  Chloridum    (U.S.  P.). —  Equal   parts   of  gold   chlorid 
(AuCU)   and   NaCl.     Dose:  0.002  to  0,006  Gm,   ('/■  to  '/-  grain)    (5 
nig.  =  V-gr..  U.S.P,). 
•iifl.  Auri  ft  Arsemi  Bromidi  (N.  F.). —  Dose:  oj36  to  o.S  c,  c    (l  to 

■  8  miimns). 


XIV.  TIN. 

This  metal  is  absorbed  in  part  even  from  non-corrosive  preparations. 
But  poisoning  is  very  rate,  the  metal  not  passing  very  easily  into 
soluble  form,  and  having  no  pronounced  tendency  to  cumulative  action. 
The  symptoms  on  injection  devolve  to  some  extent  on  the  central 
Dcrvoiu  system,  as  stimulation  and  subsequent  paralysis.  The  arsenic 
iction  and  paresis  of  heart  are  also  prominent.  With  more  chronic 
poisoning  the  gastro-enteritis  is  most  marked,  but  there  is  also  an 
ataxia  and  motor  paralysis,  resembling  chronic  lead-poisoning  (White, 
1880). 

XV.  COPPER.  ZINC,  AND  CADMIUM. 

These  metals  are  closely  related  in  their  action.  Qiven 
^  the  mouth,  copper  and  zinc  salts  have  a  rather  specific 
imtant  action,  affecting  at  first  exclusively  the  iierve  struc- 
tnres  which  fonn  the  starting-pomt  ot  the  vomiting  reflex. 
In  consequence,  votniting~occurs  before  there  is  time  for 
CCTTosion,  and  relatively  large  doses  present  no  danger 
Nor  is  there  any  danger  of  chronic  poisoning]    Xhis  is  of 


some  importance  on  account  of  the  use  of  copper  to  give  a 
green  color  to  preserved  vegetables.  These  contain  0.20  to 
0.50  mg.  of  Cu  per  kilogram.  It  is,  of  course,  conceivable 
that  copper  salts  may  become  deleterious  through  their  con- 
tinued local  action,  but  the  quantities  introduced  with  these 
variables  may  be  affirmed  to  have  no  such  effects.  The 
slighttraces  remaining  in  water  after  purificatinti  by  cop- 
per (see  page" 382)^  are  probably  equally  harmless.  Quan- 
tities of  the  copper  siilpnate  up  to  c;  Gm.  per  dav  have 

Stadr  Miierii  IfcdicB  Lcwon  49. 

■The  latest  InvcMlgatora   (Clirk   and   Gage,   igofi)   aasiga  a   very  limited  value 
to  the  ecpper   treatment   of   water. 
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been  shown  to  be  devoid  of  bad  effects  (Du  Moulin).  .It 
is  true  that  these  were  not  continued  indefinitely. 

'i'he  local  irntatinn  hy  Tn  ^nd  Zn  causes  these  to  be  used 
as  emetics  (see  p.  315).'  The  nausea  is  too  short  to  allow 
01  their  use  as  expectorants'  They  are  also  used  as  astrin- 
gents and  mild  caustics. 


If  JHlroduced  into  the  circulalioH  thev  caii<ie  i^^j^th  through  paralysis 
of  "The  tardlac  musclel  They  also  affect  \he  r^nlral  ni-fvQas  sY""^l, 
probably  direct ly,  especially  Zinc  and  Cadmiuiji.  Tjie  effects  are  mainly 
paralytic.  The  bram  is  arfected  first  —  i.  c,  consciousness  is  lost.— 
>t  involved.  The  blood~pressure  falls  raoiSy, 
iFe  cardiac  depress  1  o n. 
Htprt  skpietai  muscies.  whilst  Cadmium  (and 


probably  iincj  lias  little  action  upon  tbei 

Zinc   Oxid  has  been  used   therapeutically  against   epilepsy. 
fulness  is  doubtful,  but  not  disproved. 


MATERIA  MEDICA. 

The  copper  and  zinc  salts  are  used  locally;  the  soluble  salts  i 
centratjons  of  \i  to  10% ;  the  insoluble  zinc  compounds  as  oin 
(5  to  30%).    When  used  internally  the  soluble  salts  should  be  well 
diluted. 


SOLUBLE  SALTS. 


One  Part  is  Soliiblb  in  ^ 
Cupri  Sulphas  (U.S.P.,  B.P.). 
—  Blue     Vitriol,     Bluestone. 
CuSO.  +  sHrf)    


Zinci  Acelas  (U.S.P.,  B.P.).— 

Zn{GH.0.>.  +  2H,0    2.5 

Zinei    Bromidum     (U.S.P.).— 

ZnBr.   Readily 

ZiWi       Chlondum       (U.S.P., 

B.P.>.— ZnCI,   04 

Zinci      lodidvm      (U.S.P.).— 

Znl,  Readily    Readily 

Zinci  Phenohul- 

Zn(GH.O, 
S),  + 
8H.0  ...      1.7  1.7 


Average  Dose. 
Alcohoi.           (U.S.P.>. 

400 

Astringent : 

10  mg.  =  H  gr. 

Emetic: 

a3S  Gm.  =  4  grs., 
repeated   if  neces- 
sary. 

36- 

O.IZ5  Gm.=  2  grs. 

Readily 

0.125  Gm.  =  2  grs. 

Readily 

photias 

(U.S.P). 
Zinci  Sulphocar- 

bolas  (B.P.) 
Zinci  Sulphas  (U.S.P..  B.P.). 

—  While    Vitriol.     ZnSO.-l- 

7H,0  


.dbyCoogle 


One  Pa»t  is  Soluble  in  Water.        Alcohol 

(U.S.P.)  0V4- 

{B.P.)  ^^'^-    50- 
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ai25  Gm.  =  2    grs. 


Zinc  Bromid,  Chlorid,  and  lodid  are  very  detwuescent,  whilst  Zinc 
Acetate,  Phenols ulphonate,  Sulphate,  and  Copper  Sulphates  are 
eMorescenl. 
Liquor  Zinci  Chloridi  {U.S.?.,  B.P.).— 50%.     Strongly  caustic. 

INSOLUBLE  ZINC  COMPOUNDS. 
Amorphous,  white  powders. 

Zinci  Carbtmas  PrttcipUatut  (U.  S.  P.)  [Zinci  Carbomu,  B.  P.].— A 
hfdraied  carbonate,  yielding  not  less  than  72%  ZnO, 

Zinci  Oxidum  (U.S.P.,  B.P.).— ZnO.  Don:  0.35  Gni.=4  grs., 
U.  S.  P. 

Zinci  Sleariu   (U.  S.  P.). 

Zincum  (U.S.P.). 

ZINC  OINTMENTS. 

Unguentum  Zinei  Oxidi  (U.  S.  P.).— 20%.  in  benioinated  lard. 
Unguenlitm  Zinci  (B.  P.).—  15%  of  the  oxid. 

Ungiienlum  Zinci  Stearatis   (U.S.P.).— 50%  in  white  petrolatum. 
Vnguentum  Zinci  Oleatis  (B.P.). 

XVI.  MERCURY. 
I.  ACTION. 

Mercury,  unlike  the  other  metals,  has  a  strong  specific 
toxic  action  on  Protoplasm.  It  is  poisonous  not  only  to 
the  higher  plants  and  animals,  but  also  to  lower  organisms, 
and  possesses  great  gertnicidal  power.  It  owes  this  toxicity 
to  a  great  affinity  for  nitrogenous  molecules. 

1.  AtewB^tioa.— -  The  albuminates  which  are  formed  in 
this  manner  are  quite  soluble  under  the  conditions  of  the 
body  —  t.  e.,  if  a  certain  amount  of  sodium  chlorid  and  of 
SIcflinity  exists.  In  consequence,  it  is  readily  absorbed 
and  transported,  differing  very  conspicuously  irom  other 
metals  in  this  respect.  Further,  whilst  most  metals  are 
almost  innocuous  in  the  free  state,  metallic  tncrcury  is  fairly 
toxic;  its  distribution  and  absorption  are  favored  by  the 
^actjhat_jt_is  liquid  arjd  volatile  and  oxidizes  very  readily. 

The  mercury  compounds  are  absorbed  from  all  surfaces. 
On  this  rest  the  mercurial  treatments  by  fumigation  and 
inhalation.     Many  cases  of  mercury-poisoning  have  also 

StBil7  Hatcria  Medio  Lctton  49. 
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occurred  from  flushing  out  large  cavities  with  mercaric  I 
soiutiops.     'ITie  absorption  from  serous  surfaces  is  \xn 
rapid. 

*■  The  «cretion  of  mercury  occurs  to  scwne  extent  _b2 
the  urin^  but  mainly  by  the  intestine;  also  to  some  degrw 
by  saliva,  sweat,  and  milk.  The  excretion  by  the  kidiK>'S 
begins  in  about  two  hours  after  the  administration,  but  it 
lasts  for  a  long  time,  and  may  be  demonstrated  for  eight 
days  after  a  single  dose,  and  for  as  late  as  six  months  after 
the  administration  has  been  entirely  stopped,  after  con- 
tinued use. 

With  small  amounts  this  excretion  raii^';  nn  pathologic 
changes  in  the  kidnevs;  but  if  long  continued  it  gives  rise 
to  interstitial  and  glomerular  nephritis.'  Large  amounts. 
on  the  other  hand7  Occasion  a  parenchymatous  nephritis 
with  glycosuria!  Ihe  relative  quantity  ot  niercui7  ex- 
creted by  this  channel  is  increased  by  the  inflammatory 
changes. 

^oiaistMrn  iodtd  is  said  to  favor  the  excretion,  just  as  in  the  cut  o' 
lead,  but  there  is  not  much  positive  evidence  on  this  point  It  i» 
equally  doubtful  whether  the  excretion  can  be  hastened  by  diaresis- 

8.  Fate  in  Jady. —  Whilst  the  pliminatinn  of  mercury  a 
a  slow  process,  it  disappears  quite  raptdlv  from  the  blood. 
being  fixed  in  thetissues. 

Its  distribution  is  much  the  same  as  that  of  lead  It  is  found  «^^ 
cially  In  ihe  kidneys,  to  a  less  extent  in  thniySr.  aiiJ  treooentlTii' 
tHe  intestinal  walls!  when  taken  as  vapor  it  is  also  found  in  the  lii^ 
In  other  organs  it  is  seen  only  in  acute  poisoning.  It  passes  throogh 
the  placenta  only  when  given  in  very  large  doses,  prottably  after  in- 
juring the  vessels.  The  mercury  which  has  been  stored  is  quite  fin!i!j 
fixed  in  the  non-digestible  nuclein  residue,  favoring  the  view  that  it  >! 
deposited  in  the  nuclei. 

When  injected  directly  into  the  blood-vessels  the  organic  (non-ion) 
mercury  preparations  act  more  violently  than  the  inorganic.  Althoog* 
mercury,  like  other  metals,  does  not  act  until  it  has  been  conwrtw 
into  ion  form,  the  organic  compounds  are  distributed  more  quicWj 
throughout  the  body  and  are  readily  decomposed  ! 


1.  Etiology. —  The  most  frequent  cause  of  mercuty- 
poisoning  was  formerly  the  excessive  and  mjudidous  mt- 
dicinal  use  of  this  metal.  The  mercury  existing  in  the 
amalgam  used  for  filling  teeth  seems  to  be  so  firmly  com- 
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bined  that  it  does  not  cause  poisoning.  The  chances  for 
accidenial  chronic  poisoning  with  mercury  are  not  nearly 
so  great  as  with  lead,  since  the  metal  is  much  less  widely- 
used  in  the  arts.  On  the  other  hand,  it  adheres  more  per- 
sistently to  the  skin,  and  is  more  readily  absorbed  and 
more  toxic,  so  tTiat  a  much  smaller  proportion  of  those 
exposed  escape  poisoning. 

2.  Actiona  in  Aoate  Poisoning.' — (■)  The  phenomena  of 
the  general  poisoning  by  intravenous  injection  consist  in  3 
very  marked  fall  of  blood  pressure,  due  to  a  direct  paralyz- 
ing action  on  both  the  heart  and  the  blood-vesaels.  The 
former  involves  both  ganglia  and  muscle.  ( v.  Mering, 
1880.) 

<b)  Mercury,  however  taken,  has  comparatively  little 
effect  on  the  central  nervoua  system,  especially  in  acute 
poisoning,  the  only  symptoms  which  are  noticed  being  sec- 
ondary to  the  fall  of  blood  pressure.  Consciousness  is  usu- 
ally preserved  to  the  end.  In  chronic  mercury-poisoning 
there  is  sometimes  a  noticeable  tremor — tremor  tnercu- 
rialis  and  a  heightened  psychic  irritability  —  the  so-called 
erethismus.  These  are  probably  of  central  origin.  Some- 
times, however,  there  is  instead  a  didling  of  the  faculties. 
afercury,  like  lead,  may  also  produce  peripheral  neuritis^ 
but  much  later  than  in  the  case  of  lead-poisoning. 

^c)  Local  Action. —  The  general  effects  are  largely  over- 
shadowed  by  the  symptoms  arising  from  the  local  action, 
which  consists  of  a  ohemic  irritation  or  corrosion : 

I.  These  are  most  prominent  in  the  alimentary  canal, 
even  when  mercury  has  been  given  by  any  other  channel  — 
by  inhalation  or  by  hypodermic  or  intravenous  injection. 

ihey  may  be  due  in  part  to  the  paralysis  of  the  capil- 
laries, but  are  maJnlv  produced  by  direct  chemic  corrosion, 
since  the  metal  is  largely  excreted  through  this  channel . 

1  he  result  is  a  peculiar  ^astro-enteritis.  It  begins  in  the 
upper  portion  of  the  alimentary  canal.  There  is  an  early 
stomatitis  leading  to  ulceration,  and  this  may  extend  so 
ileep  as  to  affect  the  bones,  producing  necrosis  of  the  jaw. 
Increased  salivation  is  a  prominent  symptom.  It  is  prob- 
acy due  to  the  excretion  of  the  mercury  through  the  sali- 
vary glands.  There  is  also  a  characteristic  metallic  taste. 
The  gastro-enteritis  is,  however,  most  violent  in  the 
lower  portions  ot  the  mtestine.  and  the  symptoms  bear  a 
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close  resemblance  to  those  of  dysentery.     The  anatomic 
lesions  —  ulceration  of  cecum  —  are  also  similar.* 

2.  The  excretion  of  mercury  throupfh  the  skin  prnHnrpg 
various  jfem  diseases;  the  excretion  through  the  kidneys. 
as  has  been  said,  nephritis.  There  is  frequently  a  formation 
of  little  crystals  in  the  lumen  of  the  tubules  and  possibly 
in  the  cells  themselves.  No  explanation  for  this  can  be 
given.     (Saikowsky,  1866.) 

3.  ConrM  of  PoiMning. —  The  fatai  dose  of  mercuric 
chlorid  is  o.i8  Grn.  Death  may  take  place  inside  of  half 
an  hour,  from  collapse'  More  usiially.  however,  the  symp- 
toms last  several  days :  and  death  takes  place  from  the 
lesions  of  the  intestinal  canal. 

The  acule  poisoning  may  pass  into  the  chronic  form  —  i'.  e..  a  ■iingle 
'  '  """        '  ;   chronic   mercury-poisoning  — 


4.  Treatment. —  The  treatment  of  acute  mercur\-poisoH' 
irtg  will  ordinarily  be  directe(j  against  the  gastro-enteritis. 
The  object  will  be  to  prevent  the  poison  from  coming  in 
contact  with  the  cells  of  the  intestine,  and  also  to  convert 
it  into  a  less  irritant  form.  Since  the  corrosive  and  irri- 
tant action  is  due  to  its  combining  with  nitrogenous  mate- 
rial, it  can  be  much  lessened  by  the  artificial  introduction 
of  such  material. 

The  ordinary  antidotes  are  white  of  egg  and  milk,  which 
fulfill  all  these  indications.  The  resulting  compounds  must 
of  course  be  promptly  removed  by  emetics  or  lavage,  else 
they  will  be  absorbed  and  produce  general  poisoning.  One 
must  be  cautious  not  to  introduce  any  common  salt  into  the 
stomach  as  long  as  mercury  is  present :  for  this  would  in- 
crease tlie  solubility  of  the  latter. 

III.  CHRONIC  MERCURY-POISONING. 
(a)  Chronic  mercury-poisoning  affects  metaboligm  pro- 
foimdly.  producmg  cachexia.  There  are  also  fatty  degene- 
rations  of  the  various  organs,  as  in  the  case  of  arsenic  or 
lead-poisoning.  An  occasional  consequence  of  mercury- 
poisoning  is  diabetes.  On  the  other  hand,  mercury  is  some- 
times beneficial  in  diabetes  if  this  is  of  syphilitic  origin. 

<S«  plates  4',  *i  and  4]  of  E.  v.  HofmiDn.  Allaa  of  Legal  Uedicinc    W. 
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The  chemic  study  of  these  metabolic  effects  is  very  inconclusive  and 
difficult,  on  account  of  the  extensive  action  of  mercury  on  the  alimen- 
tary canal  and  upon  the  kidneys. 

(b)  It  has  been  claimed  that  mercury  produces  a  rarefaction  of 
bone.  This  is  undoubtedly  found  in  a  great  many  cases  of  chronic 
merciiry-poisonii^,  but  so  far  it  has  not  been  possible  to  exclude 
syphilis  as  the  cause  of  the  rarefying  osteitis.  It  is  quite  conceivable, 
however,  that  mercury  has  such  an  action ;  for  the  amount  of  lactic 
add  in  the  blood  is  markedly  increased  by  it,  and  this  might  effect 
solution  of  the  lime  salts,  and  this  in  turn  might  account  for  the 
calcareous  deposits  in  the  kidneys. 

(e)    It   was    formerly   Claimpj    tViat   n-iprfiiry   pnigps^u-H    a 

markedcftofg^o^Mg  action.  But  it  has  been  demonstrated 
on  biliary  fistula;  that  the  flow  of  bile  is  not  increased. 

The  green  color  of  the  stools,  or  which  this  belief  was  based,  is 
explained  by  the  lessening  of  the  putrefactive  changes  which  are  re- 
sponsible for  the  conversion  of  the  green  bile  pigments  into  those  of 
the  feces. 

(d)  Very  small  doses  of  mercury  may  have  the  same 
beneficial  effect  upon  metabolism  as  small  doses  of  arsenic. 
and  probably  act  in  much  the  same  manner.  The  patient 
may  increase  in  \veight  and  the  number  of  red  blood-cor- 
puscles may  rise,  eTc.      ( Schlesinger,  1884.) 

(e)  The  treatment  of  chrooic  merouiy-poisoiiing  is  the 
same  as  that  of  all  chronic  metal-poisoning,  the  object 
being  to  favor  the  elimination  of  the  metal  by  all  possible 
channels. 

As  has  been  said,  it  is  claimed  that  potassium  iodid  hastens  this 
elimination,  and  this  has  not  been  disproved^  Hygiene  is  of  great  im- 
portance. For  the  stomatitis  and  ^salivation,  cleanliness  of  the  mn\itti 
and  washing  with  alum  or  potassium  chlorate  are  very  efficieat.  The 
prophylaxis  in  tactones  where  mercury  is  employed  is  the  same  as  in 
Uie  case  of  lead. 

IV.  THERAPEUTICS. 
1.  The  use  of  mercury  in  syphilui  rests  entirely  upon  an 
empirical  basis. 

We  do  not  even  know  whether  its  action  is  due  to  specific  toxicity 
for  the  virus  of  syphilis  or  whether  it  is  due  simply  to  the  general 
effects  upon  metabolism  by  actions  analogous  to  those  of  arsenic.  The 
former  seems  to  be  the  case. 

Although  the  usefulness  of  mercury  in  syphifitic  disorders  had  up 
to  recent  years  been  a  subject  for  much  animated  discussion,  there 
appears  to  be  at  present  no  reason  to  doubt  that  it  is  not  only  fiallja- 
tive,  but  curative,  in  the  secondary  stage  of  syphilis,  congenital  as 
well  as  acquired ;  whilst  it  is  useless  in  the  first  and  third  statres. 

The  first  stage  is  best  treated  expectantly,  the  third  with  jodids.    The 
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other  forms  of  treatment  —  sweating,  diet,  other  metals  (gold,  etc  ■, 
sulphur-baths,  and  the  various  vegetable  antisyphilitics  —  either  aci  by 
supporting  the  mercury  or  are  useless. 

The  mercurial  treatment  offers  the  greatest  chances  fi 
success  if  it  is  begun  early  in  the  disease.  In  order  to  be 
of  any  permanent  benefit  it  must  be  continued  for  a  con- 
siderable time  —  several  years  —  long  after  the  sjinploms 
have  entirely  disappeared.  When  used  in  this  way  there 
can  be  no  doubt  but  that  it  frequently  effects  a  permancn! 
cure.  The  dose  should  never  be  kept  at  a  point  which 
would  cause  local  symptoms. 

2.  The  best  method  of  adminirtratioB,  by  the  stomach,  i« 
to  begin  with  small  doses  —  perhaps  one-third  of  the  fall 
dose  —  and  increase  these  gradually  —  say  io%  every  day 
—  until  the  first  tenderness  of  the  gums  appears.  The  dose 
should  then  be  cut  down  to  half  of  that  taken  at  this  time 
and  continued  without  further  change. 

The  prolonged  admi  nisi  ration  of  mercury  offers  serious  difficnitie* 
on  account  of  its  irritant  action.  Given  by  mouth  it  is  very  apt  i' 
produce  gastro-enterilis,  much  more  easily  than  when  it  Is  pven  b» 
other  channels.  Since  the  irritation  is  due  to  its  combination  witb 
the  cell-pro(eids,  this  may  be  largely  avoided  by  administering  it  ia 
the  form  of  proteid  compounds  —  the  albuminate  or  peptonatc:  Tht 
iodids  possess  some  advantage  over  the  chlorids  in  that  they  are  mntr 
easily  decomposed  in  the  body.  Whatever  form  is  given,  the  patittit 
should  be  placed  upon  an  easily  digested  but  nutritious  diet  The  state 
of  the  bowels  should  be  carefully  attended  to. 

If  there  is  great  urgency,  or  if  the  alimentary  canal  will  not  tolerate 
the  mercury,  it  may  also  be  introduced  by  other  channels,  but  aH  hsvt 
drawbacks. 

The  intratnuseular  injfciion  of  mercuric  chlorid  is  extremely  p*"?" 
ful  and  may  cause  sloughing.  The  pain  is  less  if  sodium  chlorM  i^ 
added  to  the  mercuric  chlorid.  It  may  also  be  diminished  by  vsft 
non-irritant  combinations  —  the  peptonate  or  albuminate  dissolved  tj 
the  aid  of  sodium  carbonate  or  chlorid;  or  mercuric  bcnioatt  ri& 
sodium  benzoate. 

The  c^nid  may  also  be  used  hypodermically  (o.OOJ  to  <UX>5  Goi' 
Suspensions  of  insoluble  mercury  preparations  in  oil  appear  nwW 
for  intra-gluteal  injection,  since  the  injections  need  only  be  made  iwe 
or  twice  a  week.  Adeps  Lana:  Hydrosus  is  the  best  menstrwim.  ^ 
it  avoids  the  danger  of  embolism.  The  salicylate  has  been  turf  j"  J 
this  way  (o.i  Gm,  in  a  c.  c.  of  oil),  as  also  a  50%  emulsion  of  mcanc 
mercury  (one  drop,  gradually  increased  to  3  drops.) 

For  inunction,  the  mercury,  usually  in  the  form  of  a  salve^  is  mlW 
into  the  skin  —  not  smeared  over  it.  A  piece  of  the  ointmeiil  '' 
rubbed  into  the  surface  of  the  skin  until  the  mercury  has  disapptw" 
A  new  surface  is  taken  each  day,  the  round  of  the  body  beii^  iM* 
in  about  six  days.  The  blue  take  is  the  most  popular  prepirW" 
The  officinal  article  may  be  improved  upon  by  more  thorongh  o*"'' 
sitication  with  soaps.    The  absorption  of  the  ointment,  as  wdl  u  "' 
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the  vapor  in  fumigation,  can  be  rendered  mucti  more  eflkient  by  pre- 
ceding it  by  a  thorough  diaphoresis.  It  is  quite  immaterial  wnether 
this  be  attained  by  teas,  by  hot  baths,  medicated  or  not,  or  by  other 
means.  For  fumigation  a  gTsm  of  calomel  is  volatilized  over  an 
alcohol  lamp  in  a  closed  chamber  completely  surrounding  the  patient, 
vKith  the  exception  of  the  head.  A  rubber  or  other  blanket  answers 
the  purpose  very  well.    The  inhalation  is  obsolete. 

The  introT'enotts  injection  of  mercuric  chlorid  has  also  been  success- 
fully used,  beginning  with  6  to  8  mg.  and  increasing  rapidly  to  18  mg., 
repealing  daily,  and  also  giving  mercury  by  mouth  (Tommasali).  Al- 
though no  bad  effects  have  been  reported,  the  method  is  open  to  such 
grave   dangers   in    inexperienced    hands,   that   it   will    scarcely   become 

3,  Contraindioatiom. —  Mercury  preparations  are  contra- 
indicated  whenever  there  is  cachexia  or  any  chronic  disease 
in  which  the  resistance  of  the  body  is  lowered;  for  chronic 
poisoning  is  then  induced  very  easily.  Nor  should  it  be 
employed  when  there  is  nephritis,  nor  after  the  sixth  month 
of  pregnancy,  since  mercury  has  a  somewhat  deleterious 
effect  on  the  course  of  pregnancy  and  upon  the  child. 

4.  Of  other  actioni  the  diuresis,  caused  by  mild  irritation 
from  small  doses,  is  used  especially  in  heart  disease  (see 
page  684).  The  therapeutic  uses  resting  upon  its  other  local 
effects  are  discussed  elsewhere.  (Antiseptic,  Chap.  XVII; 
Parasiticide,  Chap.  XXIX,  G;  Intestinal,  Chap.  XXX,  D 
and  E.) 

V.  MATERIA  MEDICA. 
I.  Prtparatlons  of  Metallic  Mercury: 

Hydrareyrum  {U.S.P.,  B.P.).~Hg.  A  fluid,  silver-white  metal 
Sp.  G.  13.535- 

FOR  INTERNAL  USE. 

Average  Dose.     Pra  Ct. 
(U.S.P-).  ofHg. 

Hydrargymm  cum  Creta  (U.S.P..  B.P,).— 

{Gray  Powder')    0.25  Gm.  =  4  gr.        38. 

Massa  Hydrargyri  (U.S.?.)   \Blue  Mass..      0.25  Gm.  =  4  B^.       33. 
?iWla  Hydrargyri  (B.P.)        JBiae    Pilt.... 

Colloidal  Mercury  (Hydrargyrum  Colloidale,  Hyrgolum)  has  re- 
cently been  recommended  as  being  less  irritant  and  less  toxic  than 
ordinary  mercury ;  it  is  at  the  same  time  more  rapidly  absorbed.  Tbe 
commercial  product  is  still  rather  impure.  sxtA  it  has  not  received  a 
sufficient  trial  to  decide  on  its  value.  It  is  best  employed  by  inunction 
{2  Gm.  per  day  of  a  10%  ointment)  ;  but  it  tnay  also  be  used  by 
moulh  (pills  of  0.03  to  ox)S  Gm.),  and  as  a  dusting  powder  for 
condylomata. 
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FOR  EXTERNAL  USE. 
Unguentum    Hydrargyn    {U.S.P..    B.R).— 
Mercurial  Ointment. —  In   suet  and  b«n- 

zoinated   lard   50.  %Hg. 

(For  inunction.) 
Ung.    Hydrarg.    Dilutum     (U.S-P.).— fl/«f 
Ointment. —  J^  of  mercurial  oiniment,  'A 

petrolatum    33.5%  Hg. 

(For  pediculi.)  , 
Ung.    Hydrargyri    Composilum    (B.P.). — 

Contains  camphor 

Emflastrum  Hydrargyri  (U.S.P.,   B.P.) 30.  %Hf. 

a.  Mercurous  Salti. —  These  are  practically  insoluble  powders;  not  to 
be  prescribed  wilh  lodids : 

Dose. 
Hydrargyri    Chlori-]  HgCl  ~  Mild 
dnrnMiie  (U.S.P.)  I    Mercurous 
Hydrargyrum     Sub-  f   Chloride.    Cal- 
chloridum     (B.P.)  J    omel  (white).   0.006  to  0.6  Gm.  ('/«  to  10  grs.) 

Yjc  p  .       Laxative 0.125  Gm. ^2  grs. 

u.o.r..       Alterative  0.065  Gm.  =  i  gr. 

Enters  into: 
Pit.  Cathartica  Comp.(U.S.P.) 
Pit.  Hydrarg.  SubcMor.  Comp. 

(B.P.). 
Ung.   Hydrarg.   Subfhior.    (B. 

P.).— 10%. 
Lotio     Nigra      {B.P.,     N.F.) 
(.Black      lVash).—  7.s     Gm. 
HgCl  to  liter  of  Lime-water 
Shake,    • 
Hydrargyri  lodidum  Flavum 

(U.S.P.).  Proloiodid  of  Mercury.^ 
HpL  Bright  yellow.  Generally  ad- 
ministered as  tablets  (10  mg.  ^>i  gr., 

3.  Mercuiic  Salts: 

(U.S.P.,  ^.V.).—  Red  and  yellow  mer- 
curic oj-trf.— HgO.  Practically  insol. 
powders.  Not  used  internally.  (The 
color  depends  on  the  method  of  prep- 
aration. 

1%  in  Wool  Fat 
and    White    Pe- 
,     trolatiim. 
Ung.  Hydrarg.   Oxid.  Flavi   (B.P,).— 2%. 
Hydrargyri  Chloridum  Corrosium    (U.S.P.)     rHgO,.      Crystals     or 
Hydrargyrum  Perchloridum   (B.P.)  <      white  powder.     Sol. 

Mercuric  Chlorid.  Corrosive  Sublimate  [     in  13  water.  3  ale 

Dose:  1  lo  6  mg.  ('/«  to  V,,  gr.)   (3  mg.  = '/»  gr.,  U.  S.  P.). 
Liquor  Hydrarg.  Perchlor.    <B.P.).— i  3  = 'A,  gr.     Dote:   ^  to 

l3. 
Lotio  Flava  (B.P.,  N.F.).— 3  parts  HgO,  in  ifloo  Lime-Water. 

*Sal  Alemhroth.~2  parts  HgCU  i  part  NaCI.    Less  irritant. 


Hydrargyri  Oxtdum  Rubrum 
Hydrargyri  Oxidum  Flavum 
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Hydrargyri  lodidum  Ritbrum  (U.S.P.,  B.P.).— Hgl..  Red  powder, 
almost  insol.  in  water,  freely  sol.  in  solutions  of  iodids.  Dose:  As 
corrosive  chlorid. 

Liquor   Arseni  et   Hydrargyri  iodidi. —  See   Index.    Dose:    o.i 
c.c  =  i!4  ni- 
Hydrargyrum    Amntonialum     (U.S.P.,    h.'P.).— While    Precipitale.— 
HgNHiCl  — 80%  Hg.    White  powder,  obtained  by  precipitating  HgCli 
with  ammonia.    Insol. 

Ung.  Hydrarg.  Amman.  (U.S.?.,  B.P.).— 10%  in  Wool-Fat  and 
White  Petrolatum. 
Olealum  Hydrargyri   (U.S.P.).— 25%  of  yellow  mercuric  oxid. 

Ung.  Hydrarg.  OUat.   (B.P.).— I  in  4- 
Liquor   Hydrargyri   Nilratis    (U.S.P,,    B.P.).— 60%    Hg(NO.),   and 
11%  HNO,.     Caustic. 

Ung.    Hydrarg.    Nitralis    (U.S.P.,    B.P.).— Citrine    Ointment.— 
7%   of  mercury,   dissolved   in   nitric  acid,  and  suspended   in 
lard.     Used  on  ulcers.     Irritant. 
'Hydrargyri     CyoniduiB.- Hg(CN)i.— Sol.     in     13     water.     White 
powder:  i   to  6  mg.  =  V»  to  Vio  gr. 

'Hydrargyri  Subiulphas  Fiiiii<J.— Hg(HgO),SO..— Turf^fft  Min- 
eral.—  Yellow  powder. 

XVII.  LEAD. 

The  phenomena  of  lead-poisoning  are  characterized  by  the  inde- 
pendent involvment  of  very  numerous  and  diverse  organs.  Lead,  in 
this  respect,  occupies  a  rather  peculiar  position  amongst  the  metals, 
and,  indeed,  amongst  all  poisons.-  For  whilst  so  extensive  an  action 
suggests  the  idea  of  a  general  toxicity  to  protoplasm,  this  does  not 
seem  to  exist,  since  lead  is  com[)ara(ively  non-toxic  to  lower  organisms. 
It  is  a  specialized  poison;  but  It  is  specialized  for  quite  a  number  of 
tissues  and  organs. 

I.  ABSORPTION,  ETC.— ETIOLOGY  OF  POISONING. 

The  action  of  lead  is  influenced  so  greatly  by  its  absorp- 
tion, retention,  and  excretion  that  it  will  be  well  to  discuss 
these  subjects  first. 

Lead  salts  are  astringent  rather  than  corrosive.  They 
may  cause  sufficient  corrosion  to  be  absorbed,  but  this  ab- 
sorption is  never  sufficient  to  cause  acute  fatal  poisoning 
from  systemic  effects.  At  least,  no  case  is  on  record  in 
which  this  has  occurred.  A  very  small  amount,  however, 
is  absorbed  fairly  readily,  in  whatever  form  the  lead  is 
given  and  whether  in  large  or  small  doses.  This  is  quite 
insufficient  to  cause  any  immediate  symptoms.  But  these 
traces  are  excreted  extremely  slowly,  and  this  ready  absorp- 
tion and  slow  excretion  furnish  the  conditions  for  cumu- 
lative action. 

In  this  way  it  is  responsible  for  very  many  deaths,  many 
more  than  arsenic.  Lead  may  be  absorbed  from  any  part 
of  the  surface  of  the  body  —  from  the  skin  as  well  as  from 
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the  alimentary  canal.  ffmV  dyes  cnntaininp  lead  are  a 
frequent  source  ofpoisoning ;  but  the  absorption  is  much 
greater  from  the  mucous  membranes,  and  the  gastro-in- 
testinal  tract  forms  by  far  the  most  common  way  01  en- 
trance,. 


meial  ii>  used  extensively  in  the  arts,  and  the  workers  in  these - 
painters,  dyers,  type-setters  and  type-founders,  plutnbers,  etc. —  are  thi 
most  trequent  sufferers  after  lead  miners  and  ttie  working-men  it 
while- lead  factories.    Artisans  working  with  lead-paints  are  by  far  thi 


But  the  occurrence  of  chronic  lead -poisoning  is  by  no  means  con- 
fined to  these  artisans.  The  metal  is  so  widely  distributed  that  every 
one  is  to  some  extent  exposed.  Some  of  the  ways  in  which  poisoning 
has  occurred  are  very  surprising.  Others  are  more  easily  understood. 
Perhaps  the  first  of  these  to  come  to  the  mind  is  the  lead  of  vjater- 
bipes.  The  opinion  amongst  medico-legal  authorities  as  to  the  danger 
01  lead-pipe  has  varied  considerably.  But  at  the  present  time  it 
seems  to  be  accepted  that,  if  perfectly  pure  water  is  allowed  to  flow 
through  bright  and  clean  lead-pipes,  poisoning  results  invariably.  In 
this  case  the  surface  of  the  lead  is  changed  into  a  hydrate  (Qowes, 
1902),  and  this  Is  sufficiently  soluble  to  cause  the  intoxication.  But 
the  danger  is  very  much  less  with  old  lead-pipes  as  ordinarily  used; 
these  have  become  lined  with  a  layer  of  lead  oxid,  PbO  +  Pb.  This 
is  quite  insoluble,  and  does  not  form  a  hydrate.  The  chance  of  solu- 
tion is  still  less  if  the  water  contains  calcium  carbonate  and  carbonic 
acid.  Ordinarily  lead-pipes  would  therefore  present  but  little  danger. 
But  even  then,  if  the  water  is  allowed  to  stand  a  long  time  in  the 
pipes,  some  solution  is  bound  to  occur.  On  account  of  this  danger, 
lead-pipes  should  be  condemned. 

The  employment  of  lead  vessels  for  cooking  should,  of  course,  be 
entirely  discarded.  Tinned  7vssejs.  especially  tin  cans,  usually  also 
contain  a  certain  amount  of  lead  in  the  solder.  If  the  percentage 
does  not  exceed  a  certain  limit,  the  lead  seems  so  firmly  combined  in 
the  alloy  as  10  prevent  its  solution  even  by  moderately  acid  liquids. 
such  as  vinegar.  If  it  exceeds  this  quantity,  a  certain  amount  will 
be  dissolved,  and  will  exert  its  toxic  action.'  The  addition  of  some 
lead  is  also  necessary  in  tin-foil,  such  as  is  used  for  wrapping  articles 
of  food,  to  make  the  tin  workable.  Here,  also,  it  is  harmless  if  it 
does  not  exceed  a  certain  limit.  Lead  enters  into  the  glazing  of 
earlhemvafe  vessels,  and  is  contained  in  many  varieties  of  ^lass ;  but 
it  it  exists  entirely  in  the  form  of  silicate  of  lead,  it  presents  no 
danger.  All  these  vessels  may  be  easily  tested  with  sufficient  accuracy 
by  allowing  vinegar  or  dilute  acetic  acid  to  stand  in  them  for  twenty- 
four  hours  and  then  passing  a  current  of  sulphuretted  hydrogen 
through  the  hquid.  If  there  is  no  precipitate,  the  amount  of  lead  is 
below  the  dangerous  limit.  It  is  a  somewhat  peculiar  fact  that  lead 
bullets   in    a    wound    do   not   seem   to  exert   the    lead    action.    They 

the  melal.     This  is   deposited   on    the  soil   and   on   the   9u"f3«  of   planls.   and  t> 
also  taken  up  into  the  tissiiM  of  the  [alter.     Cases  of  poisonine  have  lieen  referred 

■«.    the  Ifad   in   solder   wbieh 
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probably  become  oxidized  in  such  a  way  that  none  of  the  metal  is 
absorbed. 

The  lead  is  always  absorbed  in  the  form  of  soluble  Proteid  com- 
binait<ms.  ihese  may  be  tormed  fruni  leiid  compounds  which  are 
perfectly  insoluble  in  water  or  acids.  Even  lead  sulphate,  one  of 
the  most  insoluble  of  substances,  will  be  absorbed  in  sufficient  amount 
to  produce  poisoning,  so  that  sulphuric  acid  is  useless  as  a  prophy- 
lactic 

Excretion.—  Lead  is  excrptpd  hv  all  channels,  pn^sihlv  with  thf  ft. 
ception  of  the  sweat.  The  principal  path  is  by  the  epithelium  of  the 
skin  ana  especially  of  ihe  alimentary  canal.  It  is  saia  mat  chronic 
lead -poisoning  may  usually  Be  delected  By  painting  the  skin  with 
sulphid  of  ammonium,  this  giving  a  black  color.  In  painters  this  is 
perhaps  often  due  to  the  adherence  of  lead  to  the  skin. 

A  pap  of  the  lead  is  excreted  by  the  urine,  where  it  may  be  de- 
tected for  tortv  days  after  the  admin  i  strati  on.  ijie  excretion  is  'at 
tifst  hastened  by  potassium  lodiii  ( Melsens.  1849) ;  but  this  soon 
ceases  to  be  effective. 

The  lead  is  also  comtnonlv  deposited  in  the  shape  of 
sulphid  on  the  edge  of  the  gums.  Efiving  the  characteristic 
"  lead  line."  The  feces  in  lead-poisoning  also  very  fre- 
Quently  have  a  dark  color  frnm  the  action  of  the  HgS 
lormed  in  the  intestines,  upon  the  excreted  lead. 

Ret cntlon. —  The  lead  which  is  retained  in  the  body  is  stored  espe- 
cially in  the  liver  and  oliier  otRans,  the  bJood  containing  nnJv  very 
small  traces?       '  ^ 

I  here  is  a  very  great  individiml  variability  in  the  >ll(ceptibillty 
to  lead -poisoning ;  with  a  number  of  persons  exposed  to  the  same 
conditions,  and  using  the  same  precautions,  some  will  be  violently 
poisoned  and  others  not  at  all.  This  depends  perhaps  upon  differ- 
ences in  absorption  and  excretion,  but  anemic  patients  and  persons 
with  low  resistance  generally  are  very  susceptible. 

n.  PHENOMENA  OF  LEAD-POISONING. 

The  primary  symptoms  of  chronic  lead -poisoning  consist  in  local 
irritation,  changes  of  metabolism,  and  in  nervous  phenomena,  mainly 
of  central  origin. 

The  systemic  aclicwis  do  not  occur  in  any  regular  order,  so  that  evi- 
dently they  do  not  depend  one  upon  another. 

1.  Th(^  local  irritant  action  is  spen  mainly  in  acute  poison- 

(a)  Alimentary  Canal. —  Lead  acetate  and  most  lead 
preparations  have  a  sweetish  astringent  taste.  This  is  soon 
followed  by  the  usual  svmttoms  of  irritation  in  tlie  alimen- 


MU9CI« 
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lary  canal:  salivation,  dysphagia,  vomiting,  and  diarrhea, 
etc.  The  vomit  is  sometimes  bloody.  The  diarrhea  is  not 
as  profuse  in  lead-poisoning  as  it  is  with  most  irritant 
poisons,  on  account  of  the  astringent  action. 

The  lead  salts,  like  some  other  metallic  salts,  farm  an  insoluble 
-coating  over  the  mucous  membrane  of  the  intestine,  and  so  prevent  the 
ordittary  lead  preparations  from  penetrating  and  from  causing  deep 
corrosion  and  extensive  absorption, 

(b)  Another  evidence  of  the  I 

point  of  excretion;  that  is  to  ?  .,  .  ^_  , 

very  common  consequence  of  acule  lead -poisoning,  and  an  invariable 
accompaniment  of  chronic  inloxication.  In  the  latter  case  it  may  be 
in  part  secondary  to  some  of  the  other  effects  of  the  lead ;  viz.,  the 
gout  or  the  arteriosclerosis. 

(,c)  The  local  irritant  aclions  upon  the  alimentary  canal  and  upon 
the  kidneys  help  to  explain  the  metabolic  changes,  but  these  are 
also  in  part  direct,  in  part  secondary  to  the  vascular  injury.  The 
chemic  changes  are  rather  obscure.  There  is  a  profound  onfmia. 
The  pallor  is  at  first  due  merely  to  constriction  of  the  cutaneous  ves- 
sels; but  later  there  is  a  diminution  ol  hemoglobin  and  of  the  number 
of  red  corpuscles.  The  lallcr  undergo  a  granular  degeneration. 
llieir  destruction  v ery  frequently  gives  rise  to  icterus.  '1  he  inlima  of 
thcblood-vesseU  undergoes   fatlv   deceneri   '  ...■-, 

wed    by   arlcrldickrosn.     Fatty   dceen 
r   Qtfans :    in   the  kidne 
pression  of  the  perverted  1 

^Xead  always  exerts  an  unfavorable  influence  upon  fireenancv.  The 
number  of  miscarriages  in  womfrt  afT^fted  by  lead-poisoning  is  very 
large ;  and  of  the  children  bom,  by  far  the  largest  proportion  die  dur- 
ing the  first  year  of  life. 

2.  The  effects  of  lead-poisoning  upon  the  peripheral 
nerves  and  muscles  are  very  often  characterized  by  the 
fact  that  the  symptoms  appear  suddenly,  last  for  quite  a 
short  time, —  several  hours,  perhaps. —  and  then  disap- 
peaTjJo  recur  later. 

(a)  The  most  conspicuous  of  these  peripheral  effects  is 
lead  colic.^ 

It  is  characterized  by  violent  pains,  localized  especially 
near  the  umbilicus.  The  abdomen  is  very  conspicuously 
CQnlJacted,  even  scaphoid.  The  patient  frequently  lies  on 
nis  face,  with  the  fists  pressed  against  the  painful  region, 
since  pressure  relieves  the  distress. 

This  colic  is  caused  bv  the  violent  contraction  of  the 
intestinal  muscles.     Since  this  forces  the  blood  out  of  tTie 


'  Thia  i*  prodqced  aa  rtadilr  by  (he  hypodermic 
of  Itid.  19  Whrn  it  ia  taken   by  mouih. 
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vessels  of  the  splanchnic  area,  the  general  blood  pressure 
will  rise,  the  pulse  will  be  hard  and  tense,  and  the  heart  will 
be  slowed. 

The  cause  of  this  contraction  must  be  i 


mtntes,  so" that  one  is  iiisiihecl  in  assuniing  a  firimar7 


elj.    for    instance, 


disturbed  s( 


iSSpig 


A  striking  instance  of  this  disturbed  sensation  is  the 
arthralgia  saturnina,  a  painful  affection  of  the  joints  and 
adjacent  muscles.  The  pain  is  very  violent,  as  in  the  colic, 
which  It  resembles  closely^  Like  this,  it  appears  suddenly, 
lasts  a  few  hours,  disappears,  and  reciirsT^ 

Neuralgias  occur  occasionally.  They  have  perhaps  sev- 
eral  explanations :  In  some  cases  they  are  due  to  a  periph- 
eral neuritis,  in  others  to  an  action  on  the  central  nervous 
system. 

(c)  The  actions  on  the  motor  gysteni  rnnsist  in  nt-iiritis, 
paralysis,  and  atrophy. 

The  seat  of  this  action  has  given  rise  to  considerable  discussion.  It 
has  been  placed  in  the  central  nervous  system,  in  the  peripheral 
ntrves,  and  in  the  muscle  cells.  The  last  two  are  probably  4he  usual 
scat,  but  the  central  nervous  system  may  undoubtedly  participate  in 
some  cases. 

The  action  of  lead  upon  isolated  muscle  is  quite  characteristic.  There 
is  at  first  an  increase  in  the  ease  with  which  the  muscle  is  fatigued, 
and  the  fatigue  curve  presents  some  very  peculiar  changes.  In  the 
normal  fatigue  curve  the  height  of  the  successive  contractions  de- 
creases in  a  perfectly  regular  manner;  if  a  line  is  drawn  joining  the 
summits  of  contractions,  this  is  practically  straight.  But  if  fatigue  is 
produced  in  a  muscle  poisoned  by  lead,  the  line  is  extremely  irregular. 
One  contraction  will  be  very  low,  another  high,  etc.  It  will  also  re- 
(|uire  a  less  number  of  contractions  to  produce  complete  fatigue  than 
in  the  case  of  normal  muscle  (Harnack,  1878). 

In  chronic  poisoning  in  the  intact  animal  early  fatigue  js 
also  a  prominent  symptom.  This  gives  way  to  paralysis. 
The  paralysis  is  followed  by  total  atrophy. 


,  'T\at  artbralgia  i«  not  wen  in  animalB:  but  ChcK  Kcm  to  b«  much  Ifsa  sen- 
■Oi'c  to  articular  pain  than  man.  Thfy  alic  ahow  very  little  distress  if  acute 
inhritii  ti  produced  by   nric  acid  injection. 
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degeneration  sets  in;  that  is  to  say,  the  muscle  is  hypersensitive  to 
galvanic,  and  less  sensitive  than  normal  to  faradic  siimulation. 

The  heart  may  be  similarly  affected,  and  this  quite  early  in  the 
poisoning;  this  is  the  case  especially  if  the  poison  is  injected  directly 
mto  I  he  blood. 

The  action  upon  the  peripheral  motor  nerves  is  probably  quite  similar 
to  the  direct  muscular  action. 

This  paralysis  of  the  extensor  muscles  has  been  advanced 
to  explain  a  very  common  phenomenon  of  lead-poisoning, 
the  drop  wrist  or  lead  wrist.  Others,  however,  attempt 
to  explain  it  by  active  contracture  of  the  opposing  flexor 
muscles.  It  is  not  unlikely  that  both  have  a  part  in  the  ex- 
planation. 

The  contracture  begins  at  the  metacarpo-carpal  articula- 
tion of  the  two  middle  fingers,  then  the  two  outer  fingers 
and  the  thumb,  antl  then  the  wrist. 

8.  The  effects  upon  the  central  nerroiiH  ■ystMfi  constitute 
what  is  called  encepholopathia  salnrnalis.  They  are  ex- 
erted especially  on  the  cortex.  There  is  first  irritation. 
which  is  followed  bv  paralysis.  The  effects  are  both  sen- 
sory and  motor,  but  particularly  the  latter.  They  begin 
with  contractures,  then  choreic  movements,  then  possibly 
generalized  convulsions.'- 

Later  the  motor  stimulation  gives  place  to  parglydg 

On  the  part  of  the  mental  and  psychic  faculties  there  is 
delirium,,  then  depression,  and  in  the  last  stages,  coma. 
The  latter  may  also  be  uremic.  Lead- poisoning  is  claimed 
as  a  contributory  factor  of  insanity. 

It  is  said  that  in  very  prolonged  cases  of  lead -poisoning,  the  an- 
terior columns  of  the  spinal  cord  show  histologic  degenerations.  A 
case  of  criminal  poisoning  is  known  where  small  doses  were  admin- 
istered during  six  months.  The  symptoms  were  described  as  per- 
sistent vomiting,  constipation,  and  colic,  followed  by  paresis  and  epilep- 
tiform convulsions.  Symptoms  similar  in  all  respects  to  ihe  above  may 
be  evoked  in  animals  by  the  injection  of  organic  lead  preparations  such 
as  lead-triethyl   (Harnack,  1878).' 

Ill,   TREATMENT  OF  LEAD- POISON  INC. 

In  acute  lead-Poisoning  it  is  w^ell  to  administer  a  sul- 
^hatf,  so  as  to  render  the  lead  as  tar  as  possible  msptoble, " 
and  then  to  remove  it  quickly  by  means  of  an  emetic. 
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In  chronic  lead-poisonine  removal  of  the  lead  is  also  one 
of  the  main  indications.  Hot  baths  are  efficient  for  this 
purpose,  as  also  the  administration  of  potassium  iodJd  in 
fairly  larce  doses.  For  the  rest,  the  treatment  must  be 
purely  symptomatic ;  For  the  colic,  l^elladonnaj  opium,  and 
the  nitrites ;  for  the  prevention  of  paralysis  and  atrophy, 
strychnin,  massage,  electricity,  ^tc. 

Prophylaxis  is  of  the  greatest  importance.  The  public 
should  be  thoroughly  educated  to  the  insidious  dangers 
of  lead,  and  the  chances  of  poisoning  carefully  guarded 
against.  The  sources  of  danger  —  lead-pipes,  etc. —  should 
be  eliminated.  Tin  cans,  foil,  etc.,  should  be  frequently 
examined  by  authorized  persons.  Special  precautions  are 
required  in  lead  factories  and  in  exposed  trades.  Since  the 
main  channel  of  poisoning  is  by  the  mouth,  extreme  clean- 
liness should  be  encouraged  and  made  possible  by  liberal 
facilities  for  washing.  Food  should  not  be  permitted  on 
the  premises,  and  the  clothing  should  be  changed  before 
leaving  the  works.  More  stringent  laws  are  greatly  needed 
in  this  connection. 

IV.  THERAPEUTICS. 

The  therapeutic  importance  of  lead  rests  entirely  upon  its  local 
astringent  actions.  The  local  application  of  an  alcoholic  solution  of 
lead  acetate  constitute  the  best  treatment  of  ivy-poisoning.  It  may  be 
doubted  whether  the  use  of  lead  for  any  other  therapeutic  purpose  is 
justifiable,  in  view  of  its  dangers.  It  should  never  be  taken  inter- 
nally, and  should  never  be  continued  for  a  long  time. 

V.  MATERIA  MEDICA. 

Plumbi  Aeelai   (U.  S.  P.,  KP.).-~Sugar  of  Lead.  — Pb(.CH,0),+ 
3HX).    White  crystals.    Sol.  in  2  water,  30  alcohol.    Dose:  0.065  Gm. 
—  I  gr.  (U.S.  P.).    Externally,  sat.  ale.  sol.  tor  ivy -poisoning. 
Ung.  Plumb.  Aeel.  (B.  P.).— 4%. 
SmPPos.  Plumb.  Comp.   (B.P.).— 3  grs.  lead  acetate  and  i  gr. 

c^ium. 
Pil  Plumbi  cum  Opio   (B.  P.).— 12!^%  <^ium.    Dose:  a  to  4 
grs. 

Liquor  Plumbi  Subautatis   (U,  S.  P.)    [ foriis.  B.  P.].— Coh- 

lar^s  Extrael.—n%    Pb,0(GH.O,)t— Used  only  for  nraking  prep- 
arations. 

Ceralum  Plumbi  Subacelalis   (V.  S.  P.).— 20%  of  the  solution. 
Liquor  Plump.  Subacel.  Dilutus   (U.  S.  P.,  B.  P.).— Learf  IVater, 

—  4%  at  solution  =  1%  of  salt.     Externally. 
Clyeerinum  Plumb.  Subaeet.    (B.  P.), 
Plumbi  lodidum    (U.  S.  P.,  'fe.  P.).— Pbl..— Bright   yellow  powder, 
almost  insol. 

Emplastr.  and   Ung.  Plumbi  lodidi   (B.  P.). 
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Plumbi  Nitras  (U.  S.  P.).— Pb(NO.)..— Colorless  crystals,  sol.  in 
1.85  water,  almost  insol.  in  alcohol. 

Plumbi  Oxidum  (V.S.F.,B.P.).—  Ulharge.  PbO.  Reddish  yellow 
powder,  almost  insol. 

Plumbi      Carbonas      (B.  P.).—  White      Lead.—  tPbCO,),Pb(OH)v 

Ung.  Plumbi  Carbon.   (B.  P.). 
EmptaslTum  Plumbi  (U.  S.  P.,  B.  P.).— Diachylon  or  Lead  Plaster. — 
A  lead-soap,  made  by  precipitating  soap  with  lead  acetate. 

Study  Materia  Medica  Lcuon  51. 


XVIII.  PHOSPHORUS. 

I.  VARIETIES. 

The  element  phosphorus  exists  in  two  forms,  the  red  and  yellow. 
The  former  is  non-volatile,  and  is  insoluble  in  water  or  oil,  is  not 
absorbed,  and  is  therefore  not  toxic.  The  yellow  or  ordinary  phos- 
phorus, whilst  also  insoluble  in  water,  is  very  volatile,  and  penetrates 
the  tissues  with  ease,  especially  when  in  finely  divided  slate,  or  when 
dissolved  in  fats.  Phosphorus  acts  as  such,  the  compounds  being 
harmless  and  having  a  totally  different  action. 

II.  SUMMARY  OF   ACTIONS. 

1.  Direct  paralysis  of  getrdiac  muscle. 

2.  Changes  in  metabolism,  consisting  in  an  increased 
decomposition  of  proteids;  diminished  oxidation;  fatty  in- 
filtration of  epithelium  and  muscle,  with  subsequent  con- 
nective^issue  infiltration;  increased  formation  of  sarcolactic 
aciti;  modifications  in  bone- formation  and  in  the  blood^ 

III.  DETAILS  OF  ACTION. 

I.  The  one  aciite  and  direct  action  of  phosphorus  is  on  the  hMirt. 
Large  "doses  paralyze  ihia  organ,  a'ctihtf  apbafeitllv  on  tne  muscle-hbers, 
( i'hosphorus  has  no  action  on  muscle-nerve  preparations.)  There  is 
consequently  a  fall  of  blood-pressure  and  eventually  cessation  qT  cardiac 
a'cIIOfi.  (Meygr,  j8B\y.  ; 

Action   on   MetaholUm.— This    is   the   most   interesting   feature   of 

fhosph  or  US-poisoning  from  a  scientific  standpoint,  being  almost  unique, 
t  occurs  in  chronic  poisoning,  or  as  a  secondary  process  after  a  single 
larger  dose. 

It  cannot  be  said  that  the  process  is  very  thoroughly  understood. 
It  may  be  reduced  to  an  increased  metabolism  of  nitrogen,  and  a  di- 
minished oxidation.  But  what  relation  these  two  processes  bear  to 
each  other  rannot  be  slated. 

(A^  Nitrogen  MeUbolUm.— This  is  very  greatly  increased,  as 
much  as' 300%  CStorch.  iSSs).  All  the  nitrogShous  metabolites  par- 
ticipate  in  this  increase  (v,  Jaksch.  igo3) ;  but  not  to  the  same  extent 
(Miinzer,   1894).    The  urea  is  not  nearly  so  much  increased  as  the- 
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others,  and  may  even  be  less  Ihan  normal.  It  is  to  a  large  extent  re- 
placed by  .an-imonia.  This  majr  be  attributed  to  an  increased  produc- 
tion of  sarcolactic  acid.  But,  in  addition  some  of  the  N  is  excreted 
in  the  urine  in  le5S  completely  oxidized  Jtorm,  as  leucin,  tyrosin,  an3 
eeptone-like  bodies  (ScKuKzen  ahd  Ries,  i86gf: 

Some  light  IS  thrown  on  the  metabolic  action  of  phosphorus  by  the 
observation  of  Jacoby,  that  it  greatly  increases  the  autolysis  of.thq 
liyerj  by  lessening  the  resistance  to  the  normal  autolytie  ferments. 
Fibrinogen  is  very  easily  autolyzed,  so  that  it  disappears  in  phosphorus 
poisoinng,  ttie  Blood  thereby  becoming  noncoaKUiable. 
"  rK)  A  ri?:i-  m  t||p  metabolism  Of  cgll-fifOteids  "always  causes  fatty 
changeT  of  cells.  (This  is  also  seen  with  phlorrmzin,  arsenic,  an- 
tmionyT  many  volatile  oils,  alcohol  group,  benzol,  phallin,  etc.)  In 
the  case  of  phosphorus,  the  main  effect  falls  upon  the  liver  cells,  but 
practically  all  other  cellular  organs  are  involved ;  muscle,  skeletal,  and 
cardiac ;  kidneys ;  hl^ywl-vpsspk ;  epithelium  of  stomach  and  intestine, 
etc!  The  fatty  changes  are  precened  by  "cJoudv  swelling."  which  is 
probablj;  an  intermediate  staged  They  are  followed  by  proliferation  of 
interstitial  connective  tissue  (cirrhosisj.  ' 

me  question  is  still  under  discussion  as  to  whether  the  fatty  changes 
are  infiltrations  or  degenerations;  whether  the  fat  is  merely  trans- 
ported from  other  portions  of  the  body,  or  formed  in  situ.  The  bulk 
of  the  evidence  is  in  favor  of  infiltration.  There  seems  to  be  no  doubt 
that  the  total  amount  of  body-fat  in  the  frog  is  not  increased ;  and  it 
is  stated  that  the  fat  in  the  phosphorus- liver  does  not  differ  in  com- 
position from  the  body-fat.  Since  the  proteids  are  diminished,  as  also 
the  glycogen,  the  hypothesis  is  not  improbable  that  the  fatty  changes 
in  this,  as  in  other  conditions,  are  (he  expression  of  starvation.  The 
cell,  on  being  deprived  of  its  ordinary  food,  draws  on  the  fat  of  adipose 
structures  to  supply  the  deficiency. 

(a)  The  changes  in  the  Liver  consist,  then,  in  increase 
of  fat  (three  to  four  times  the  norinal  amount) :  diminution 
of  glycogen ;  increased  formation  of  ammonia,  and  of  leucin 
and  tyrosin. 


production  of  peptoneT 
me  red   corpuscles 


-,  ...-  ■■_ g  deposited  in  the  Tivcr.  spleen,  marrow  and  lynTph 

glands,   and   excreted    by   t)ie_bjle    (VogeJ,    1903).     The   sugar   of   tne_ 
blooa~ls'"ificreased  (Heinsberg,  1895). 
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of  the  cells  of  the  ^astrir:  and  inlestiHal  macou 


r  equally  readiJy  alter  liypoder 


3  a  local  action,  but 
(C)   Other  Effects.— The  use  of  0  and  the 
dintinished. 
The  F,0. 


F  adniiuistFrcti 
proteid     metabolisi 


The  grozcth  of  youns  bones  is  affected  in  a  peculiar  man- 
ner, somewhat  as  with  arsenic,  the  cancellous  tissue  tending 
to  become  compact  (Wegner,  1872).  This  bone  is  of  nor- 
mal structure  and  composition.  Phosphorus  also  stimu- 
lates callus-formation. 

Small   and  often   repeated  doses  of  phosphorus  are  sometimes  used 
by  the  laity  10  procure  abortion.     It  acts  indirectly  through  the  Chans': 
in  circulation  and  nutrition,  and  is  dangerous. 
The_£aiiraLiie£i:eM£,£(iikfflJs_jiot_affaacdjlu£cily- 
Phosphoretted  Hydrogen  causes  a  very  similar  intoxication. 

IV.  TOXICOLOGY. 

I.  Etiology. —  Phosphorus  is  quite  accessible  in  the  form  of  matcha 

or  phosphorus  rat  paste,  so  that  poisoning,  accidental  or  suicidal  t) 
not  at  all  rare.  Chronic  poisoning  of  a  somewhat  different  chiraetff 
■  is  seen  from  its  fumes,  in  phosphorus  and  match  factories-  This,  » 
well  as  the  poisoning  by  matches,  has  been  very  greatly  dimioisJwi 
since  the  introduction  of  amorphous   <red)   phosphorus.'. 

Phosphorus  burns  are  no  more  dangerous  than  other  bums  of  mc- 
ilar  extent  and  do  not  exhibit  any  of  the  symptoms  of  pbospbom^ 
poisoning. 

2.  The  ■ymptoBU  appear  usually  only  after  some  hour^ 
and  begin  with  burning  and  pain  in  the  abdomeri,  and  vom- 
iting. Ihe  vomit  has  the  odor  of  e^rlic,  and  is  luminous  in 
the  dark.  The  patient  then  usually  improves  greatly,  and 
appears  normal  for  two  or  three  days.  At  the  end  of  this 
time,  icterus  makes  its  appearance,  together  with  abdom- 
inal pain  and  tenderness ;  emesis.  often  bloody ;  and  diar- 
rfieaT  The  area  of  liver-dullness  is  mcreased.  There  is 
considerable   muscular   weakness   and    pain,    and   ggteral 

■  The  firsl  phospliorul  (riclion  mstthe*  were  ni»dr  by  Dfronie.  Pars.  i«  il* 

but  tb«y  did  not  btfcomt  prai 

""  Vhe"^OTe'iMdirn   mor , -- 

oxidiiing  agent    (KaOi.  KMOt,  cbromatic  or  oxid  of  Mn.  PU   F< 

The  "  safety  matches  "  have   no  pboiphanu  on  the  nick*,  which  an  ■« 
headed   with    SI^SOi.    KCIOi  and    glue;   the   pbotphonu   is   hen   oa   Ae  friai 
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prostration ;  the  pulse  is  small  and  quick.  The  .urine  con- 
tains bile,  albumin,  leucin.  tyrosin,  an  abnormal  amount  of 
ammonia,  etc.,  sometimes  blood.  Hemorrhages  occur  m 
many  different  situations.  There  is  usually  a  fever,  but 
sometimes  abnormally  low  temperature.  This  condition 
lasts  five  to  eight  days,  when  the  patient  usually  dies  of  heart 
failure.  Recovery  is  possible,  however,  even  when  the 
symptoms  are  very  severe. 

Phosphor 
•itaminatior 

The  fatal  dose  is  ^o  mg. :  but  i^  mg'.  cause  very  f^rave 
intoxication. 

3.  The  treatment  consists,  in  the  early  stages,  in  the  ad- 
ministration  of  CuSOj  as  emetic:  the  Cu  is  precipitated  in 
metallic  form  on  the  P  glnhiile?;  and  retards  their  absorp- 
tion. _  ihe  stomach  should  then  he  washed  with  0.2% 
RMnO^  or  with  HgOg.  Old  spirits  of  turpentine  in  doses 
ot  r  to  2  c.c.  should  be  given  sevpral  timqs  a  day  for  some 
days.  All  these  measures  are  for  the  purpose  of  oxidizmg 
th£phosphorus.  OJTslmd  fats  of  all  kinds  must  be  avoidea. 
.Mkalies  are  "useful  to  neutralize  the  excessive  sarcolactic 
aciHT     t-or  the  rest,  the  treatment  must  he  symptomatic. 

A  peculiar  necrosis  of  the  ["a^-t.  as  observed  in  match  factories,  be- ^ 
gins  with  salivation,  suppurative  ulceration  of  the  gums,  and  ends  in  S^^o, 
a  very  profound  periostitis,  involving  the  whole  jaw.  It  usually  starts  ^X^tV 
in  carious  teeth.  TTie  lower  iaw  is  more  often  affected.  The  only  ^fc  '^ 
treatment  is  excision  of  the  diseased  bone.  The  lesions  are  referred  vCj't/ 
ty  some  authors  to  the  phosphorus  itself;  by  others,  to  the  lower  ^^  ' 
oxidation  compounds. 

V.  THERAPEUTICS. 

The  only  rational  indication  for  phosphorus  is  in  defi- 
cient lime  deposition  in  bone,  as  in  rickets,  osteomalacia, 
and  ununited  fracture.  However,  the  evidence  in  regard 
to  its  benefits  is  not  very  conclusive,  and  it  is  certainly  a 
very  dangerous  remedy.  The  first  effects  are  to  be  seen  in 
aboai  four  weeks.  It  must  be  omitted  if  gastric  symptoms 
appear. 

Its  use  in  diseases  of  the  nervous  system  —  alcoholism, 
sexual  exhaustion,  neuralgia,  etc. —  is  not  supported  by  any 
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pharmacologic  action,  nor  by  clinical  results;  nor  has  its 
use  in  chlorosis  any  scientific  basis. 

VI.  MATERIA  MEDICA. 

Phosphorus  (U.  S.  P.,  B,P.).— The  waxy  variety.  Nearly  msol.  in 
water;  sol.  in  350  absolute  ale,  in  50  fatty  oil;  in  ether  or  chloroform. 
Very  sol.  in  carbon  disulphid.  Dose:  0.5  to  3  ing.  =  Vi«  to  '/»  gr, 
(0.5  mg.  =  Vm  gr.  U.  S.  P.). 

Pilula  Pkosphori  (U.  S.  P.).— 0,6  mg.^Vut  gr.;  coated  with  Tolu 
to  prevent  oxidation. 

Pilula  Phospkori  (B.  P.).— a7o.    Dose;   i  gr. 

Oieum  Pkosphoratum  (B.  P.).— 1%.  Dose:  i  to  5111.,  B.  P.  This 
and  the  Spiritus  Phospkori  (0.12%,  dose:  0.3  to  i  cc.^S  to  15  m) 
have  been  discarded  from  the  U.  S.  P.,  on  account  of  their  very  uncer- 
tain strength;  they  deteriorate  rapidly.  It  is  better  to  prescribe  an 
extemporaneous  solution  in  almond  or  cod-liver  oil. 

VII.  HYPOPHOSPHITES,  GLYCERI NO-PHOSPHATES, 
AND  LECITHIN. 

Phosphorus  occurs  in  many  animal  and  vegetable  cells,  as  ledlhm 
(esters  of  the  fatty  acids  with  glycerino-phosphorlc  acid  and  cholin), 
combined  with  proieids  as  vitellin,  etc.  The  large  quantity  of  this 
element  in  nervous  tissues  has  led  to  persistent  attempts  to  use  phos- 
phorus and  its  salts  as  "  nerve  foods,"  or  tonics  in  neurasthenia, 
cachexia,  scrofula,  neuritis,  incipient  phthisis,  etc.  Phosphorus,  phos- 
phates, hypophosphites,  and  more  recently  gtycerino-pkosp kales  have 
been  tried  for  this  purpose.  Metabolism  experiments  have  been  uni- 
formly negative,  and  the  clinical  results  are  so  indefinite  and  contra- 
dictory that  these  compounds  must  be  adjudged  devoid  of  any  action. 
There  is  no  evidence  that  inorganic  phosphorus  compounds  are  ever 
transformed  into  lecithin.     They  are  all  excreted  as  phosphates. 

The  latest  steps  in  this  direction  is  the  introduction  of  lecithin. 
This  is  no  longer  advanced  as  a  nerve-food,  but  as  a  general  nutritive 
tonic.  It  is  claimed  that  it  increases  the  weight  and  rate  of  growth 
in  young  animals  (also  in  plants).  It  acts  as  a  stimulant  to  nutrition, 
and  not  as  a  direct  nutrient  (the  effective  dose  being  too  small  for 
the  latter  explanation).  The  proportion  of  red  blood  corpuscles  is 
increased,  and  the  hemoglobin  rises  in  the  same  ratio.  There  is  also 
a  slight  increase  of  mononuclear  leucocytes. 

The  appetite  and  the  utilization  of  nitrogen  are  improved.  The 
urine  shows  characteristic  changes ;  the  daily  quantity,  the  phosphates 
and  sulphates  are  not  altered,  but  the  excretion  of  total  nitrogen  and 
urea  is  very  markedly  increased;  the  acidity  is  somewhat  heightened; 
the  uric  acide  is  perhaps  slightly  diminished. 

These  urinary  changes  persist  for  about  five  months  under  the  con- 
tinuous administration  of  lecithin,  when  they  return  to  normal.  This 
habituation  also  applies  to  the  effect  on  nutrition,  the  drug  becoming 

The  actions  may  be  produced  both  by  oral  and  by  hypodermic  admin- 
istration. It  has  been  suggested  that  large  doses  might  become  dan- 
gerous through  the  liberation  of  the  toxic  cholin ;  but  this  does  not 
seem  to  occur,  for  very  large  doses  are  not  toxic.  It  is  useless,  how- 
ever, to  increase  or  continue  the  drug  if  the  ordinary  doses  do  not 
cause  noticeable  improvement  within  ten  days. 
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These  reports  refer  to  the  isolated  lecithin.  Since  this  is  a  rather 
expensive  article,  it  would  seem  preferable  to  secure  them  by  the  use 
of  egg-yolk,  which  contains  about  68%  of  lecithin.  It  has  been  pointed 
out,  however,  that  the  ordinary  diet  contains  from  5  to  8  grains  of 
lecithin,  i.  e.,  much  more  than  the  effective  therapeutic  quantity;  and 
it  is  therefor  assumed  by  some  authors  that  the  combined  lecithin  for 
some  reason  lacks  the  peculiar  qualities  of  the  freed  lecithin.  The 
question  is  not  settled. 

Therapeutics:  Lecithin  is  not  specific  in  any  disease,  but  is  advised 
whenever  there  is  faulty  nutrition  or  growth ;  in  artifkiall);  fed  in- 
fants, anemia,  chlorosis,  debility,  convalescence,  tuberculosis,  tabes, 
neurasthenia,  diabetes    (especially  pancreatic),   rachitis,  senility,  cach- 


MATERIA  MEDICA. 
Hypophosphites ; 

The  dose  of  the  dry  salts  is  0.12  to  1.2  Gm.  (2  to  20  gjains).    They 
are  soluble  in  i  to  8  parts  of  water. 
Calcii  Hypofhosphis— (Ca^Hja,),  (U.  S.  P.,  B.P.). 
Sodii  Hypophosphis.—  NaPH.O,  +  H,0  (U.  S.  P.,  B.  P.). 
Polami  Hypophosphis.— KTn,0,  (U.S.P,). 
Ferri  Hypophosphis.— Fci'PHjO,'),  (U.S.  P.).    Insoluble. 
MangoHi  Hypophosphis.—  linCPH.O,),  (U.S.P.). 
Acidum  Hypophosphorosum  (U.  S.  P.).— 30%  H,PC. 
Acidum  Hypophoiphorostim  Dilulum    (U.  S.  P.).— 10%.    Dose:  0.5 


Acidum  Hypophosphorosum  (U.  S.  P.).— 30%  H.PO.H* 
'idum  H       "     ■■  ■  "'  '         "^''  "-       --" 

_  _  =8  m. 

Syrupus  Hypophosphilum  (U.S.P.). —  Contains  the  hypophosphites 
of  Ca,  K,  and  Na,  with  dilute  hypophosphorous  acid,  flavored  with 
lemon.    Dose:  8  c.c.  =  25  (U.S.P.). 

Syrupus  Hypophosphilum  cum  Ferro  (U.  S.  P.). —  Contains  the 
above,  also  the  hypophosphites  of  Fe  and  Mn,  with  quinin  and  strych- 
nin. Dose:  8  c.  c.  =  23  (U.S.P.)=9  mg,  (V.  gr.)  quinin;  0.9  mg:. 
(Vt.  gr.)  strychnin. 

Qlycerino-Pbosphatu : 

The  glyceri no-phosphates  of  the  alkalies  and  earths,  as  also  of  iron, 
are  all  soluble,  the  first  even  hygroscopic.  The  calcium  salt,  which  is 
soluble  in  20  parts  of  water,  has  been  particularly  recommended.  The 
dose  is  0.1  to  0.4  Gm,  The  sodium  salt,  which  is  furnished  in  75% 
solution,  is  better  adapted  to  hypodermic  use.  The  solutions  should 
not  be  heated. 

Glycerino-phosphoric  acid  has  the  formula  O  =  PH(OH) 
(OC.H.OH). 

Lecithin:  Occurs  as  a  yellowish-brown,  waxy  solid,  of  peculiar 
odor,  insoluble  in  water,  soluble  in  absolute  alcohol  and  fat -solv- 
ents. It  contains  3.84  to  4.12%  of  phosphorus.  Incompatible  with 
alkalies.  Dose,  by  mouth,  o.i  to  o.g  Gm.  iiYi  to  8  grains)  per  day, 
as  pills,  before  meals ;  hypodermically  i  c.  c.  of  5%  solution  in  oil, 
daily.  The  oral  administration  is  preferred.  Infants,  one-third  of 
these   doses. 

Study  Materia  Medics  Lesjon  si 
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PART  II.     SECTION   B. 

LOCALLY  ACTING  DRUGS. 

CHAPTER  XXVIII. 
IRRITANTS,  CORROSIVES  AND  ASTRINGENTS. 

(INORGANIC   IRRITANTS   AND   TANNINS). 

(A)  GENERAL  CONSIDERATION  OF  IRRITANT 
ACTION. 

The  local  actions  of  dru^s  are,  as  a  rule,  simple  and  uniform,  since 
they  can  occur  ordinarily  m  only  a  few  situations,  especially  the  skin 
and  mucous  membranes.  These  agree  closely  in  structure  and  func- 
tions. There  are  therefore  many  phenomena  which  hold  true  of  all 
local  irritant  poisons.  These  may  be  studied  once  for  all,  and  present 
onW  minor  modifications  in  individual  cases. 

The  majorit};  of  local  poisons  produce  the  typical  phenomena  of  in- 
flammation ("irritation"),  by  causing  necrosis  of  protoplasm  throujjh 
coagulation,  liquefaction,  etc.  Most  of  these  reactions  are  purely  chemic 
or  physical,  and  can  be  reproduced  in  the  test-tube  with  proteids.' 
Remembering  the  extreme  sensitiveness  of  protoplasm  to  reagents,  it 
will  be  readily  understood  that  almost  all  substances  —  even  water  — 
may  be  irritant  under  suitable  conditions. 

I.  PHENOMENA  OF  IRRITATION. 

1.  These  can  be  studied  very  typically  on  the  skill."  The 
first  degree  of  irritant  action  is  shown  in  an  arterial  and 
capillary  hyperemia,  at  first  active,  later  passive.  This 
constitutes  the  "  dermatitis  erythematosa  "  of  the  derma- 
tologists. Or,  speaking  pharmacologically,  it  constitutes 
rubefaclion,  and  the  agents  which  produce  it  are  therefore 
called  rubefacients.  The  congestion  is  accompanied  by 
sensory  stimulation  —  by  itching  or  pain. 

If  the  irritant  action  does  not  go  any  further  than  this, 
resolution  takes  place  without  leaving  any  lesions,  simply 
by  a  return  of  the  vessels  to  normal.  Usually  the  upper 
layers  of  the  skin  are  desquamated. 

(EicTcise    iS.' 
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If  the  action  is  stronger  than  rubefaction,  it  may  pass  into 
vesication  or  pustulation.  Vesication  occurs  if  the  inflam- 
matory action  results  in  the  formation  of  an  exudate  great- 
er in  amount  than  can  be  carried  off  by  the  lymphatics. 
Every  hyperemia  is,  of  course,  accompanied  by  an  increase 
of  exudation,  but  up  to  a  certain  amount,  as  in  rubefaction, 
this  is  readily  reabsorbed.  When  this  limit  is  exceeded,  an 
actual,  visible,  effusion  results.  This  liquid  will  accumu- 
late in  the  parts  of  the  tissues  offering  the  least  resistance 
to  distention.  In  the  case  of  the  skin,  it  penetrates  readily 
through  the  lower  layers  of  the  rete  Malpighii,  but  is  ar- 
rested by  the  impermeable  stratum  comeum.  It  is  there- 
fore confined  between  the  upper  and  lower  layers  of  the 
rete  Malpighii,  and  separates  them,  in  this  way  causing 
blisters  or  vesicles.  The  agents  which  produce  these  are 
called  vesicattts  or  epispasttcs. 

Resolution  takes  place  in  these  cases  without  loss  of  tis- 
sue, by  the  formation  of  a  new  stratum  comeum  from  the 
remaining  rete  Malpighii. 

If  the  overlying  and  separated  layers  of  epidermis  are  removed,  there 
is  much  chance  of  infection,  the  lower  layers  of  the  rete  Malpighii 
offering  but  little  resistance.  In  this  way  there  may  lie  a  loss  of  sub- 
stance from  secondary  infection.  The  sensory  stimulation  of  this 
vesication  is  still  stronger  than  that  of  rubefaction. 

If  the  inflammation,  instead  of  leading  to  an  effusion  of 
liquid,  leads  to  an  emigration  of  leucocytes,  it  produces 
pustulation,  the  agent  being  called  a  pustulant.  This  de- 
pends to  some  degree  upon  the  violence  of  the  inflamma- 
tion, a  more  profound  irritation  being  required  to  produce 
an  emigration  of  leucocytes  than  what  suffices  to  cause  an 
effusion.  But  to  some  extent  it  is  also  a  specific  property 
of  the  pustulant.  Certain  vesicants  never  produce  pustu- 
lation, whilst  certain  pustulants  do  not  vesicate.  The  pus- 
tulant action  is  probably  the  more  common  when  there  is  a 
special  involvement  of  the  cutaneous  glands.  Indeed,  it  is 
usually  confined  to  these,  and  is  but  rarely  diffuse,  for  the 
reason  that  both  the  irritant  and  the  bacteria  can  penetrate 
more  readily  at  these  points.  In  other  cases,  as  with  tartar 
emetic  and  the  bromids,  the  acid  secretion  of  these  glands 
dissolves  or  liberates  the  irritant  agent. 

Aaeptic  Pus  Formation. —  A  few  drugs  possess  a  specific  chemo- 
tactic  power  on  leucytes;  so  that  their  injection   (hypodermic  or  into 
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serous  cavities)  leads  to  the  collection  of  pus,  even  when  asepsis  is 
perfect.  Turpentine,  croton  oil,  petroleum,  mercury,  silver  nitrate, 
digitoxin,  cadaverin,  aleuron  suspensions,  etc.,  are  the  principal  ex- 

In  pustuktion  there  is  necessarily  always  some  loss  of 
tissue  and  scar  formation.  Sensory  stimulation  is  still 
stronger  than  in  the  case  of  the  vesicants. 

If  the  inflammation  exceeds  this  degree,  it  leads  to  necro- 
sis of  the  cells;  and  corrosion,  or  cauterisation,  results. 
This  is  the  last  degree  of  the  inflammatory  action.  De- 
struction of  tissue  by  irritants  may  be  the  result  either  of 
inflammatory  necrosis  or  of  a  direct  chemic  action. 

The  stronger  acids  and  alkalies,  as  also  bromins  and  some  of  the 
metallic  poisons,  such  as  arsenic  and  mercury,  form  soluble  com- 
pounds with  proteids,  and  produce  solution  in  this  manner.  Others, 
as  most  of  the  metallic,  sahne,  and  organic  irritants,  kill  the  cells  by 
precipitating  their  proteids. 

The  chemic  destruction  of  tissue  is  always  preceded  by 
this  inflammatory  necrosis.  Chemic  cauterization  will  there- 
fore always  show  three  areas:  The  first,  situated  at  the 
depth  and  periphery  of  the  ulcer,  is  simply  an  area  of  in- 
flammation and  hyperemia.  Then  follows  a  layer  of 
necrotic  tissue,  the  result  of  the  inflammatory  action ;  and 
last,  a  layer  in  which  the  chemic  cauterization  results  in 
solution  of  the  cells  which  have  already  been  killed  by  the 
inflammatory  process.  These  three  —  hyperemia,  inflam- 
matory necrosis,  and  chemic  solution  —  are  to  be  consid- 
ered as  successive  stages  in  the  same  action ;  and  by  proper 
dilution,  the  second  or  first  degree  of  action  may  be  ob- 
tained without  the  succeeding  stages. 

The  strength  of  action,  [or  the  same  substance,  is  a  matter  depend- 
ing on  the  concentration,  rather  than  on  the  absolute  amount  —  just 
as  a  gram  of  MgSO.  in  solid  form  introduced  into  a  solution,  may 
precipitate  all  its  globulin,  whilst  an  unlimited  quantity  may  be. added  in 
5%  solution,  without  any  such  effect. 

When  the  chemic  corrosion  leads  to  a  loss  of  substance, 
the  inflammatory  exudate  will  be  poured  on  the  surface, 
where  it  will  coagulate.  This  coagulum,  together  with  the 
products  of  the  chemic  action  of  the  irritant  upon  it  and 
upon  the  cells, —  the  albuminates,  etc.,  which  are  formed, — 
constitute  the  "  scab  "  or  "  eschar."  Its  character  will  vary 
with  the  nature  of  the  chemic  products  entering  into  it: 
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If  the  irritant  has  a  solvent  action  on  proteids,  as  is  the 
case  with  alkalies,  the  scab  will  tend  to  be  liquid.  If,  on 
the  other  hand,  the  combination  between  the  proteid  and 
the  irritant  is  insoluble,  as  with  most  metals,  the  scab  will 
tend  to  be  hard.  This  is  of  considerable  importance,  since 
it  determines  the  depth  of  action  of  the  corrosive  agent.  If 
the  scab  is  soft,  the  chemical  will  penetrate  it,  and  its  action 
will  not  be  limited ;  it  will  spread  and  extend  deeply.  On 
this  account  the  alkalies,  for  instance,  are  not  practical  for 
the  purpose  of  cauterization.  If,  on  the  other  hand,  the 
scab  is  solid,  it  prevents  deeper  penetration,  so  that  the 
action  can  be  very  easily  confined  to  the  desired  areas. 

In  the  case  of  actual  destruction  of  tissue  by  cauteriza- 
tion, resolution  will  take  place,  as  after  inflammatory  necro- 
sis, by  scar-formation. 

Many  dru^  cause  a  dermatitis  when  they  are  given  by  mouth  (bella- 
donna, arsenic,  iodoform,  quinin,  salicin,  antipyretics,  lodids  and  bro- 
mids,  digitalis,  chloral,  chloroform,  etc.).  This  is  sometimes  due  to 
changes  in  the  cutaneous  circulation,  sometitnes  lo  the  excretion  of  the 
drug  by  the  skin.  It  may  take  the  form  of  scarlatinal,  desquamating, 
urtkaml  or  papular  rashes  or  acne. 

8.  Certain  differences  in  detail  will  be  seen  when  irritants 
are  applied  to  other  surfaces  than  the  skin ;  for  instance,  to 
the  mnconi  membranes.  These  are  readily  explained  by 
anatomic  peculiarities.  There  will,  for  instance,  be  less 
tendency  to  vesication,  since  the  epithelium  is  not  imper- 
meable, as  it  is  in  the  skin.  Nor  will  there  be  any  chance 
of  the  distinct  pustulation.  which  depends  upon  the  cuta- 
neous glands.  On  the  other  hand,  the  mucous  glands  will 
be  stimulated  to  an  increased  activity,  producing  "  catarrh- 
al" conditions. 

The  tongue  reacts  to  different  forms  of  mild  irritation  in  a  some- 
what specific  manner,  which  seems  to  have  its  basis  in  the  papillary 
arrangement.  These  differences,  constituting  the  various  kinds  of 
"coatings,"  etc.,  are  of  some  diagnostic  importance  in  disease.  But 
thty  can  all  be  reduced  to  the  ordinary  phenomena  of  moderate  in- 
ftimmation;  hyperemia  and  proliferation,  or  necrosis  and  desquama- 
tion of  epithelium..  The  epithelium  of  the  mouth  is  sufficiently  im- 
permeable to  allow  of  vesication,  although  less  readily  than  the  skin. 

In  the  stomach  and  Intestine  the  action  of  irritants  will 
produce  physiologic  as  well  as  anatomic  phenomena,  com- 
twised  imder  the  name  of  gastro-entcritis  (see  p.  667). 
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3.  Kidney  and  liver.—  None  of  the  irritants  exert  their 
irritant  action  upon  the  body  at  large.  Most  of  them  are 
not  at  all  absorbed,  and  when  absorption  does  take  place, 
they  are  too  greatly  diluted  to  act  anywhere  except  in  the 
liver,  and  especially  in  the  kidney.'  All  irritant  substances 
will  produce  nephritis  if  they  are  absorbed.  Many  of  them 
will  cause  irritation  of  the  Hver-cells,  leading  to  fatty  de- 
generation, and  later  to  cirrhosis,  precisely  as  in  the  case  of 
alcohol. 

4.  Eespiratory  Pa8»^;e8. —  If  an  irritant  poison  is  vola- 
tile, its  main  effects  may  fall  upon  the  respiratory  passages. 
The  general  phenomena  will  be  those  of  acute  laryngitis, 
bronchitis,  or  pneumonitis. 

8.  There  appear  to  be  some  flpecific  differences  between 
the  different  irritants  as  to  the  strength  of  their  action  in 
different  situations.  Some,  for  instance,  seem  to  act  es- 
pecially on  the  alimentary  canal,  and  to  a  very  small  extent 
on  the  skin.  This  is  probably  connected  with  differences 
of  absorbability.  A  drug  which  cannot  penetrate  the  skin, 
cannot,  of  course,  act  upon  it.  It  will  be  remembered  that 
the  epidermis  is  impermeable  to  most  substances.  In  order 
to  penetrate,  these  must  be  either  fatty,  like  croton  oil ;  or 
volatile,  like  turpentine;  or  they  must  actually  destroy  the 
epidermis,  like  caustics. 

All  irritant  substances  will  act  to  some  extent  as  anti- 
septics. They  will  destroy  the  protoplasm  of  bacteria,  just 
as  they  do  that  of  tissue  cells. 

Applied  to  wounds,  ulcers,  etc,  the  milder  irritants  cause 
the  destruction  of  the  diseased  superficial  cells,  but  stimu- 
late the  underlying  cells  to  more  rapid  division.  They  con- 
sequently promote  healing. 

11,  PHENOMENA    OF    ASTRINGENT    ACTION. 

When  the  solvent  action  of  the  chemical  is  very  small 
and  its  precipitant  action  very  large,  the  course  of  events 
is  quite  different  from  that  described.  It  leads  in  this  case 
to  what  is  called  an  "  astringent  action,"  The  astringent 
action  is  always  preceded  by  a  small  amount  of  inflam- 
matory action.  But  this,  instead  of  passing  on  to  necrosis 
of  tissue,  leads  to  a  diminution  of  the  already  existing  in- 
flammatory process.     An  astringent  action  may  be  denned 
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as  one  which  lessens  the  typical  processes  of  inflammation, 
—  that  is,  the  congestion  and  the  permeability  of  the  capil- 
lary walls, —  and  leads  to  the  absorption  of  the  effusion. 
The  astringents  also  produce  a  visible  Tvrinkling  of  the  mu- 
cous membranes  to  which  they  are  applied,  and  lessen  the 
secretion  of  mucus.  They  possess  a  peculiar  "  astringent  " 
laste. 

ExplaiMtloii  of  Astringent  Action.— The  manner  in  which  this 
astringent  action  is  brought  about  is  still  only  imperfectly  understood. 
All  astringents  produce  precipitation  of  proteids,  and  this  insoluble 
proteid  precipitate  seems  to  be  the  cause  oE  the  astringent  action.  To 
explain  this  action  it  has  been  assumed  that  these  precipitates  form  a 
limng  along  the  capillary  walls,  and  in  this  way  add  an  additional 
coat,  as  it  were,  to  each  capillary.  It  seems,  however,  much  more 
likely  that  they  act  by  coagulating  the  ordinarily  semifluid  cement  sub- 
stance between  the  endothelial  cells,  and  that  this  prevents  the  filtration 
of  fluids,  and  more  espedalljr  the  emigration  of  cells.  The  silver 
"  staining "  of  endothelia  by  silver  nitrate  is  a  visible  illustration  of 
this  fixation  of  the  cement  substance.  The  diminished  mucus  secre- 
tion is  perhaps  due  to  a  similar  superficial  coagulation  of  the  cell 
envelope.  The  blanching  and  puckering  (produced  only  by  the  more 
concentrated  solutions)  points  to  a  direct  stimulation  of  the  arterial 
and  other  muscular  tissue.  The  absorption  of  already  formed  effusions, 
following  the  use  of  astringents,  may  possibly  be  explained  by  osmotic 
laws:  By  precipitating  the  proteids  of  these  effusions,  they  lower  their 
molecular  concentration,  and  render  them  more  diffusible. 

The  principal  astringents  are:  metallic  salts,  tannins, 
dilute  acids,  and  strongly  hypertonic  solutions.  They  are 
used  therapeutically  to  check  diarrhea,  reduce  inflamma- 
tion of  mucous  membranes,  promote  healing,  and  arrest 
hemorrhage. 

Not  all  proteid  precipitants  are  astringents.  The  precipitant  action 
must  be  of  a  special  kind.  It  must  be  produced  very  quickly,  and  the 
precipitate  must  be  practically  impermeable  to  the  piiecipitant.  Other- 
Vfise  the  precipitant  action  would  extend  so  deeply  as  to  lead  to  ex- 
tensive necrosis,  and  would  thus  continue  the  inflammatory  process. 
We  repeat,  that  the  main  essential  to  astringency  is  that  the  precipitate 
will  prevent  further  penetration  of  the  astringent  into  healthy  tissues. 
Its  action  must  be  confined  to  the  inflamed  area  —  to  the  place  where  it 
K  applied.  From  this  it  follows  that  it  is  absolutely  irrational  to  ex- 
feet  a  remote  action  from  astringents.  The  very  facts  of  their  action 
exclude  such  a  possibility.  Before  thi.=  was  well  understood  it  was 
tried  to  obtain  astringent  action  throughout  the  body  by  external  ap- 
plication or  by  giving;  astringents  by  the  mouth.  TTic  want  of  success 
confirmed  what  has  just  been  said. 

In  the  intestinal  canal  the  astringents  seem  to  form  a 
deposit  along  the  lumen  of  the  intestine,  and  in  this  way 
prevent  absorption,  and  also  the  penetration  of  other  irri- 
tant substances,  in  this  way  lessening  peristalsis. 
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III.  GENERAL  TOXICOLOGY  OF  IRRITANTS. 

The  phenomena  produced  by  irritant  poisons  will,  of 
course,  depend  in  the  first  place  upon  the  part  of  the  body 
with  which  they  are  brought  into  immediate  contact.  The 
most  prominent  symptoms  arise  from  the  skin,  alimentary 
canal,  or  respiratory  organs;  the  last  only  in  the  case  of 
very  volatile  ]>oisons.  Later  symptoms  may  appear  in  the 
urinary  organs. 

The  extent  of  the  action  depends  upon  the  concentration 
of  the  poisons,  the  time  during  which  they  act,  and  the  ex- 
tent of  surface  with  which  they  come  into  contact  —  less 
upon  their  absolute  amount.  If  taken  by  the  alimentary 
canal,  their  action  will  also  be  modified  by  the  presence  of 
food. 

1.  Cauterization  of  the  Skin This  may  be  either  acci- 
dental or  criminal.  In  the  latter  case  it  is  usually  by  sul- 
phuric acid  ("Vitriol"),  The  results  are  the  same  as  in 
the  case  of  extensive  bums.  The  diagnosis  offers  no  diffi- 
culty. The  character  of  the  stains  is  that  described  on 
page  669,  Sufficient  of  the  corrosive  can  always  be  col- 
lected from  the  clothing,  etc.,  to  establish  its  identity  by 
chemic  means.  The  treatment  is  precisely  like  that  for 
bums,  after  previous  neutralization  and  removal  of  the 
corrosive  agent.  Salves  and  oils  are  useful  —  especially 
the  Linimentum  Calcis  (Carron  Oil,  »'.  e.,  equal  parts  Lin- 
seed Oil  and  Lime-water). 

2.  Poisoning  by  the  Alimentary  Canal. —  The  introduction 
of  caustics  by  the  mouth  is  almost  always  either  accidental 
or  suicidal.  The  effects  are  so  painful  and  appear  so 
promptly,  and  the  lesions  are  so  persistent,  that  they  would 
scarcely  ever  be  used  in  criminal  poisoning  —  except  pos- 
sibly in  infanticide.  They  are  sometimes  taken  by  mistake 
for  syrup  or  other  medicine,  and  may  be  swallowed  before 
the  difference  is  noticed.  However,  certain  organic  irri- 
tants, usually  insoluble,  such  as  croton  oil,  do  not  produce 
their  action  for  some  time. 

The  phenomena  vary  according  to  whether  the  irritant 
produces  an  actual  cauterization  —  a  destruction  or  solu- 
tion of  the  tissues ;  or  whether  it  causes  only  inflammation. 
We  shall  begin  with  the  latter  class. 

(A)  Irritants  which  do  not  destroy  the  tissue:    To  this 


.dbyCoogle 


TOXICOLOGY.  667 

class  belong  elaterium,  croton  oil,  and  most  of  the  other 
organic  irritants,  such  as  volatile  oils,  etc. 

The  symptoms  are  those  of  a  violent  gastro-enteritis:* 
nausea,  vomiting,  and  diarrhea.  If  the  poison  will  act  only 
when  dissolved,  and  is  insoluble  in  the  stomach,  as  is  croton 
oil,  the  nausea  and  vomiting  will  not  be  present,  but  only 
the  diarrhea.  The  symptoms  will  appear  correspondingly 
late.  The  abdomen  is  usually  distended  and  extremely  pain- 
ful, especially  upon  pressure.  As  a  result  of  the  gastro- 
enteritis, there  will  be  an  extensive  dilatation  of  the  splanch- 
nic area,  and  consequently  withdrawal  of  blood  from  other 
parts  of  the  body.  This  will  produce  marked  changes  in 
the  circulation.  The  pulse  will  be  soft,  small,  and  quick. 
The  lowered  circulation  will  react  upon  other  organs,  and 
most  conspicuously  upon  the  central  nervous  system.  There 
is  great  anxiety,  vertigo,  delirium  convulsions,  then  col- 
lapse, and  finally  coma  and  death.  This  picture  is  common 
to  the  entire  series  of  irritant  poisons. 

Abortion. —  The  hyperemia  is  not  confined  to  the  intes- 
tine, but  extends  to  all  the  abdominal  organs,  which  there- 
fore partake  in  the  inflammation,  although  they  do  not 
come  into  direct  contact  with  the  irritant.  The  most  im- 
portant organ  involved  in  this  is  the  uterus,  and  the  organic 
irritants  have  been  very  frequently  used  to  procure  criminal 
abortion,  Oii  of  savin,  of  tansy,  and  of  pennyroyal  enjoy 
a  special  reputation  in  this  connection,  but  any  other  irri- 
tant produces  the  same  result.  The  ecboHc  effect  is  only 
secondary  to  the  gastro-enteritis,  and  the  latter  is  very  often 
fatal  without  accomplishing  the  object  for  which  it  was 
produced. 

The  poslmoTlem  appearances  are  those  of  gastro-enteritis,  and  in 
cases  of  suspected  criminal  abortion  this  must  be  of  sufficient  extent 
to  explain  the  fatal  issHe.  The  pathologic  condition  consists  in  an 
intense  congestion  of  the  entire  alimentary  canal,  often  with  inflam- 
matory exudate  into  the  lumen  of  the  intestine.  The  congestion  may 
be  so  violent  as  to  produce  ecchymoses.  If  these  are  present,  the 
vomil  and  stools  will  be  tinged  with  blood  during  life.  Destruction 
of  tissue  is  quite  rare.  It  may,  however,  occur  from  gangrene  due  to 
the  interference  with  the  circulation. 

(B)  The  fixed  caustics:  The  poisons  which  are  of 
greatest  importance  in  this  connection  are  the  mineral  acids, 
and,  to  a  much  less  extent,  carbolic  acid ;  oxalic  acid,  which. 
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however,  stands  apart  on  account  of  its  specific  toxk  ac- 
tion ;  the  organic  acids,  which  are,  generally  speaking,  cor- 
rosive in  proportion  to  their  volatility;  the  alkalies,  the 
alkaline  earths,  and  the  carbonates;  the  haloid  substances, 
bromin.  chlorin,  and  iodin.  Metals  are  also  to  some  extent 
corrosive,  but  not  usually  sufficiently  so  to  produce  perfora- 
tion. The  alkalies  and  bromin  produce  the  most  extensile 
destruction  of  tissue,  because  of  their  deq)  penetration. 
With  them,  the  scar-formation  is  also  the  most  extensive. 
All  caustics  will  cause  symptoms  from  the  destniciicfl 
of  the  tissues  with  which  they  come  into  contact,  in  addi- 
tion to  the  gastro-enteritis.  The  importance  of  this  lies  in 
the  reflex  affection  of  the  central  nervous  system — in 
shock  —  which  may  appear  so  quickly  and  be  so  violent  as 
to  entirely  cover  up  the  local  symptoms.  Death  may  occur 
before  vomiting  and  diarrhea  have  had  time  to  develop. 

Effect  of  caustic*  on  the  circuUtioa. —  Sollmann,  Brown  tai 
Williams  (1906)  have  shown  that  irritation  of  the  stomach  or  peri- 
toneum has  pi^cticatly  no  effect  on  the  blood  pressnre  in  sis' 
thetized  animals,  even  when  the  anesthesia  is  1i(tht.  There  is  genenllj 
a  marked  increase  of  respiration,  and  sometimes  a  slight  and  o»o«noi- 
tary  rise  of  blood-pressure,  but  no  fall  is  noticed  for  several  boon. 
This  holds  true  both  for  mild  irritants,  such  as  peppermint,  mastard  o« 
moderate  heat ;  and  for  strong  corrosion  by  formaldehyd,  concentrawd 
acids,  or  actual  cautery,  even  when  these  measures  produce  pcrforjtiwi. 
It  has  been  shown  by  the  older  authors  (Gruetzner  and  Heidenbiin- 
1877)  that  strong  corrosion  of  the  skin  has  no  effect  on  (he  Mood- 
pressure,  whilst  a  mild  stimulation,  such  as  blowing,  may  ctax  ' 
marked  change. 

It  would  seem  therefor  that  the  prompt  shock,  seen  so  freqno^r 
in  corrosive  poisoning,  is  psychic,  due  to  the  apprehension  and  pii 
experienced  by  the  patient    The  later  collapse  may  be  referable  to  > 

A  further  importance  of  the  corrosive  action  lies  in  the 
fact  that  it  may  produce  perforation,  and  consequently  pen- 
tonitis,  and  death  from  this  cause.  If  the  poisoning  is  n« 
immediately  fatal,  the  corrosion  will  lead  to  scar-formatioa 
and  consequently  stenosis,  and  the  patient  very  frequently 
dies  after  a  long  time  from  inanition  due  to  the  interfer- 
ence of  the  stenosis  with  swallowing,  etc. 

The  acute  symptoms  begin  in  the  mouth,  with  a  buniinj 
pain,  dysphagia,  and  loss  of  tissue. 

The  taste  of  many  of  these  substances  is  characteristic— add,  •^ 
line,  metallic,  astringent,  etc.    The  nature  of  the  ■  -      ■     .    - 

is  of  great  diagnostic  importance.' 

>  Exerciset   16  and   1}, 
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Alkalies  cause  a  transparent  swelling  of  the  epithelium,  which  will 
letach  as  a  gelatinous  mass,  exposing  the  scarlet-colored  inflamed 
irea  beneath.*  The  other  corrosives,  which  precipitate  protejds,  pro- 
ince  at  first  a  grayish-white  opaque  stain.  This  persists  in  the  case 
3f  the  metallic  poisons.  The  acids,  however,  change  the  hemoglobin 
in  the  neighboring  area  into  the  dark  acid-hematin,  and  the  color  of 
the  stain  conseqttently  becomes  dark  or  black.  Nitric  acid  is  an  ex- 
ception: its  stain  takes  on  a  yellow  color.  This  differs  from  that  of 
picric  acid  by  being  changed  to  orange  by  alkalies,  whilst  the  picric 
acid  stain  remains  unaltered,  Bromin  produces  a  characteristic  light 
brown  or  orange  stain;  iodin  stains  a  mahogany  color.  The  silver 
stain  turns  black  after  a  time.* 

The  esophagus  is  also  corroded,  and  ordinarily  especially 
at  its  beginning  and  end,  and  at  the  place  where  it  crosses 
the  left  bronchus.* 

In  the  stomach  the  principal  corrosions  will  be  found  at 
the  pylorus,  since  the  caustic  follows  the  lesser  curvature 
and  accumulates  at  the  pyloric  end.' 

The  symptoms  consist  in  the  gastro-enteritis  which  has 
been  described.  The  vomiting  and  diarrhea  are  more  fre- 
quently bloody.  In  the  case  of  acids  the  vomited  blood  is 
frequently  very  dark  in  color  on  account  of  the  formation 
of  acid  hematin.  This  is  the  so-called  "  coffee-grounds  " 
vomit.  The  pain  is  very  much  more  marked  v^fith  corrosive 
poisons.  Death  from  gastro-enteritis  may  ensue  in  from 
twenty-four  to  forty-eight  hours.  The  absorption  of  the 
products  of  the  chemic  action  of  these  agents  on  the  tissues 
very  frequently  leads  to  fever.  On  the  other  hand,  the 
collapse  may  lead  to  a  fall  of  temperature. 

In  the  postmortem  examittatton  one  would  look  for  evi- 
dence of  destruction  of  tissue  in  the  gastro-intestinal  canal. 
This  would  be  found  in  the  upper  portions  in  the  case  of 
most  of  the  ordinary  corrosive  poisons,  as  acids,  alkalies, 
and  haloids;  whereas  with  metals  it  is  often  in  the  cecum 
or  large  intestine,  because  they  are  excreted  in  these  situa- 
tions." 

When  the  action  has  not  progressed  to  actual  corrosion, 
there  is  often  very  marked  hyperemia  and  ecchymosis.  The 
color  is  frequently  much  darker  than  corresponds  to  the 
amount  of  congestion,  especially  in  the  case  of  acids  (due 
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to  acid  hematin).'     Alkalies,  on  the  other  hand,  have  a 
tendency  to  make  the  blood  appear  lighter.* 

The  other  abdominal  organs  are  also  hyperemic. 

S.  Volatile  Caastios. — 

These  comprise  ammonia,  chlorin,  bromin.  the  fuming  mineral  acids, 
the  gaseous  acids,  such  as  sulphurous,  nitrous,  etc. ;  and  certain  organic 
acids  —  acetic,  formic,  etc.  Also  other  organic  substances,  such  as 
formaldehyd ;  and  the  volatile  oils,  especially  the  oil  of  mustard. 

When  swallowed,  these  produce  the  symptoms  already  described, 
the  actions  being,  however,  more  rapid  and  extending  more  deeply. 
When  inhaled,  they  irritate  mainly  the  respiratory  passagies  and  Other 
exposed  mucous  membranes,producingeoryza,  conjunctivitis,  bronchitis, 
pulmonary  edema,  pneumonia,  etc.  ■  Through  the  irritation  they  produce 
profound  nervous  effects,  at  first  mainly  stimulant.  The  respiration 
stops  at  first  in  expiration,  the  glottis  closes  spasmodically,  and  the 
bronchial  muscles  contract.  This  is  a  conservative  mechanism,  and 
explains  wh^  fatal  poisoning  is  not  more  common.  During  this  stage 
there  is  cardiac  inhibition  through  vagus  stimulation,  and  also  dilation 
of  peripheral  vessels.  The  inhalation  irritants  may  prove  prompt); 
fatal  by  spasm  or  edema  of  the  glottis;  or  the  course  may  be  slower, 
passing  through  bronchitis,  pneumonia,  etc.  The  inhalation  of  irritant 
vapor  is  especially  deleterious  to  asthmatic  individuals.  The  effects 
of  smalt  quantities  of  ■volatile  irritants  in  the  air  has  an  economic  im- 
portance, in  view  of  their  escape  from  chemical  factories,  etc.  There 
can  be  little  doubt  that  even  a  small  proportion  tends  to  produce 
bronchitis,  and  possibly  cachectic  conditions ;  but  it  is  difficult  to  assign 
the  limits  between  which  these  poisons  are  harmless,  objectionable,  and 
dangerous. 

4.  Treatment  of  Pmsoning  by  Comnives, —  The  first  meas- 
ure is  dilution,  since  the  action  is  proportional  to  the  con- 
centration. The  drinking  of  water  in  abundance  and  the 
washing  out  of  the  stomach  are  therefore  important.  If 
corrosion  is  already  advanced,  it  is  not  advisable  to  pass 
the  stomach-tube.  The  further  treatment  consists  in  the 
administration  of  demulcent  substances,  as  mucilage  or 
boiled  starch;  or  proteids,  as  white  of  egg;  or  milk.  The 
proteids  are  especially  useful  against  the  metallic  poisons, 
since  they  form  rather  insoluble  albuminates. 

The  pain  usually  requires  the  exhibition  of  narcotics  in 
free  doses.  Most  of  the  irritant  poisons  can  be  treated  by 
chemic  antidotes;  in  the  case  of  alkalies,  by  acids;  in  the 
case  of  acids  and  the  haloids,  by  means  of  alkalies. 

For  poisoning  by  acids  or  haloids  the  free  alkalies  are  usually  too 
strong.  The  carbonates,  on  the  other  hand,  will  develop  carbonic  add, 
and  this  produces  distention  of  the  stomach,  and  therefore  pressure  on 
the  already  weakened   organs,  and   may  even  lead  to  rupture.    The 
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carbonates  are  consequentiy  contraindicated.  The  potassium  prepara- 
tions JD  general  must  be  avoided,  because,  in  the  corroded  condition 
of  the  stomach,  they  would  probably  be  absorbed  in  sufficient  amount 
to  produce  potassium  poisoning.  So  the  choice  is  practically  restricted 
to  soap  or  magnesium  oxid.  Of  course,  in  case  of  necessity  one  takes 
almost  anything  at  hand,  such  as  whitewash  or  chalk;  but  magnesium 
oxid  should  be  preferred.  In  the  case  of  alkali-poisoning  any  dilute 
acid  will  do,  in  strength  of  about  5%.  Vinegar  will  usually  be  the 
most  handy,  but  the  nature  of  Ihe  acid  is  immaterial.  Poisoning  by 
bromin  or  iodin  is  treated  with  sodium  bicarbonate.  Caustics  in  the 
eye  are  best  washed  away  by  a  free  supply  of  water. 

(B)  DETAILS  OF  THE  DIFFERENT  CLASSES  OF 

IRRITANTS. 
THE  ACTION  OF  WATER  AND  THE  NEUTRAL  SALTS 

has  been  described  in  Chapter  XXIV,  A.  It  is  a  pure  physical  salt 
action,  leading  to  mild  superficial  irritation  —  mild  hyperemia  and 
sensory  stimulation.  With  water  the  action  on  the  intact  skin  is  very 
small  indeed,  because  the  stratum  corneum  prevents  penetration.  On 
denuded  surfaces,  where  the  stratum  corneum  has  been  removed,  the 
action  is  considerably  stronger.  It  leads  here  to  the  death  of  the 
superficial  cells,  and  stimulation  of  the  underlying  layers  to  more  rapid 
multiplication.  The  action  on  the  stomach  and  intestine  is  precisely 
siniiar.  The  latter  hel^  to  explain  .some  of  the  beneficial  effects  of 
"  water-cures  "  in  certam  cases  of  dyspepsia.  The  action  on  the  skin 
may  be  obtained  by  poultices,  compresses,  or  protracted  baths,  and 
may  conceivably  be  of  use  in  some  skin  diseases.  But,  as  has  been 
said,  the  action  is  slight;  the  effects  of  poultices  and  baths  are  almost 
exclusively  thermal  and  reflex. 

Solutions  of  neutral  salts  stimulate  the  skin  in  a  similar  manner, 
but  somewhat  more  profoundly.  They  penclrate  more  readily,  and 
consequently  produce  some  stimulation  on  the  intact  skin.  This  is 
only  superficial,  but  in  the  shape  of  sea-water  baths  it  can  be  made 
quite  extensive,  so  that  salts  are  especially  useful  when  it  is  wished 
lo  obtain  a  mild  but  extensive  stimulation  of  the  skin.  These  salts 
possess  an  advantage  over  most  other  irritants  in  that  they  do  not 
injure  the  epidermis. 

The  action  of  the  salts  on  the  stomach  and  intestine,  on  the  other 
hand,  is  rather  deep.  They  are  absorbed  before  they  have  time  to 
become  isotonic,  and  therefore  exert  their  salt  action  on  all  the  cells 
with  which  they  come  into  contact.  They  also  produce  a  mild  irrita- 
tion of  the  renal  epithelium.  The  therapeutic  uses  of  these  salts  in 
dyspepsia   and   as   diuretics,   as    well   as    their   toxicologic   importance, 

and  the  specific    '— '" — '  '--    -'  -'' ' ' ' 

been  discussed  in 


The  group  of  alkalies  includes  the  free  alkalies  and  those 
salts  which  show  an  alkaline  reaction :  The  carbonates  and 
bicarbonates,  borates,  sulphids,  alkaline  cyanids,  and  basic 
phosphates. 

One  must  differentiate  very  sharply  between  dilute  and 
concentrated  solutions. 


.dbyCoogle 


672  irritants;  corrosives.  ch.  xxviii 

(a)  Dilate  flolntioiu  cause  a  stimulation  of  the  cells.  They 
soften  the  epidermis  and  emulsify  and  dissolve  fat.  On 
the  mucous  membranes  they  effect  solution  of  mucus. 

Their  use  in  cleansing  the  skin  depends  upon  the  emulsifkation  of 
fat  through  the  formation  of  soaps,  and  upon  the  softening  of  the 
epidermis,  so  that  it  is  readily  removed  together  with  the  adhering 
impurities.  In  the  mouth  the  alkalies  have  a  characteristic  soapy  taste. 
In  the  stomach  the  irritant  action  may  be  employed  to  produce  some 
stimulation,  and  they  aid  in  the  solution  of  mucus.  On  the  other 
hand,  they  may  derange  digestion  by  neutralizing  the  gastric  juice. 
Their  action  is  not  very  deep,  since  they  are  neutralized  before  they 
can  penetrate. 

Their  irritant  action  on  the  skin  is  employed  when  a 
stimulation  of  extensive  areas,  together  with  a  softening  of 
the  epidermis,  is  desired;  as,  for  instance,  in  case  of  ichthy- 
osis.   They  are  then  used  in  the  form  of  alkaline  baths. 

Any  of  the  alkaline  salts  can  be  used ;  such  as  sodium  carbonate  or 
bicarbonate,  potassium  carbonate,  or  borax,  in  the  proportion  of  about 
100  Cm.  per  bath;  for  lotions,  2%.  These  baths  are  best  administered 
at  night,  before  going  to  bed. 

(b)  Stroi^T  lolntioiu  asd  solid  nlkalin  combine  with  the 
tissue  elements  to  form  alkaline  albuminates,  or  with  the 
fats  to  form  soaps,  and  in  this  way  produce  a  destruction 
of  substance. 

This  determines  their  use  as  caustics.  They  are  also  very  hygro- 
scopic, and  withdraw  water  from  the  cells,  which  contributes  to  the 
necrosis.  The  scab  which  they  produce  is  very  soft,  and  the  com- 
pounds which  they  form  are  very  soluble ;  consequently  the  alkalies 
penetrate  very  deeply,  and  it  is  difficult  to  circumscribe  their  action. 
This  is  remedied  to  some  extent  by  mixing  them  with  insoluble  pow' 
ders.  A  combination  of  potash  and  lime  makes  a  fairly  useful  prepa- 
ration. But  alkaline  caustics  are  quite  painful,  and  lead  to  extensive 
scar- form  at  ion,  so  that  they  are  not  popular.  Only  the  free  alkalies 
can  be  used  as  caustics,  since  the  carbonates  are  not  sufficiently  pow- 
erful. 

(c)  Ammonia  diflfers  from  the  other  alkalies  in  penetrat- 
ing deeper,  on  account  of  its  greater  volatility.  It  passes 
through  the  stratum  comeum  of  the  epidermis  without  in- 
juring it,  and,  acting  upon  the  lower  layers  of  the  skin, 
produces  blisters.  It  is  sometimes  used  for  this  purpose 
instead  of  cantharides,  especially  in  nephritis,  where  the 
latter  cannot  be  employed.     It  is,  however,  more  painful. 

It  is  frequently  used  in  more  dilute  form  as  Hniment  for 
counterirritation,  when  a  deep  action  is  desired.     Its  use 
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IS  a  reflex  nervous  stimulant  has  been  sufficiently  discussed, 
(.Seep.  561). 

THE  SULPHUR  COMPOUNDS. 

The  group  of  sulphur  compounds  comprises  sulphur,  sul- 
phuretted hydrogen,  the  sulphids  and  polysulphids  and  thio- 
sulphate.  Ichihyol  and  Thiol  can  probably  be  placed  in 
the  same  group. 

Locally  these  act  as  mild  irritants.  HjS  behaves  rather 
like  acids.  The  sulphids  and  polysulphids  are  readily  de- 
composed into  HjS  and  the  alkali,  so  that  they  exhibit  both 
actions. 

Snlpharetted  Hydrogen.— -  The  actions  of  this  poison  are  described 
on  page  ^i.  It  is  frequently  formed  in  intestinal  putrefaction,  giving 
rise  to  diarrhea.  It  may  be  removed  by  the  adtninist ration  of  bismuth 
salts,  and  its  further  formation  checked  by  cathartics  and  intestinal 
antiseptics. 

The  gas  is  contained  in  small  quantity  in  a  number  of  mineral  waters 
<sulphur  springs).  These  are  recommended  for  a  variety  of  obscure 
disorders — rheumatism,  gout,  diabetes,  etc.  When  these  waters  are 
administered  for  some  time,  they  cause  diuresis  and  diaphoresis,  irrita- 
tioo  of  the  urinary  passages,  intestinal  irritation,  and  muscular  pains. 
Their  therapeutic  effeas  are  probably  to  be  referred  to  their  laxative, 
diuretic  and  diaphoretic  actions,  allhough  the  general  hreienic  con- 
ditions must  contribute  largely  to  the  results,  as  with  other  mineral 
waters  <Boecker,  i8gs). 

Alkaline  Sulphldf. —  When  applied  to  the  skin,  the  sulphids  pro- 
duce a  softening  of  the  stratum  corneum,  very  much  like  the  alkalies, 
and  they  are  used  in  the  same  conditions.  Their  action  on  hair  is 
even  greater,  so  that  they  are  valuable  as  depilatories,  especialljr  calx 
sulphurata.  When  taken  by  mouth,  they  act  as  corrosives  and  irritants, 
througji  the  liberation  of  sulphuretted  hydrogen  and  free  alkali.    They 

produce  but  little  systemic  action,  as  they  ar  '"* 

are  ticrrled  in  the  urine  mainly  as  sulphat 
also  some  organic  sulphur  compounds. 

.\  small  amount  of  some  volatile  sulphur  c 
by  the  lungs,  giving  the  peculiar  HiS  odor  t 
some  txpectOTont  action. 

ViTien  injected  intravenously,  the  sulphids  produce  violent  convul- 
sions, followed  by  depression  of  the  medullary  centers.  This  is  due 
to  a  direct  action.  Outside  of  the  body,  sulphids  form  a  peculiar 
impound  with  hemoglobin,  but  this  does  not  occur  during  life,  in 
nummals. 

Therapeutic  Uses:  The  sulphids  are  only  used  externally,  in  skin 
diseases,  scabies,  etc.  generally  as  baths,  containins  30  lo  200  Cms.  (i  to 
t  ozs.)  of  sulphurated  potash. 

The  sulphids  have  been  proposed  as  an  antidote  for  hydrocyanic 
teid,  since  th^  would  form  sulphocyanids,  which  do  not  have  the 
hydrocyanic  acid  action.  This  has  not  been  tested.  It  is  possible  that 
the  reaction  goes  on  too  slowly  to  be  of  value, 

Salphnr, —  Free  sulphur,  as  such,  has   no  action   whatever;  it  is, 
however,  converted  partly  into  sutphidt  in  the  body,  and  shares  their 
inions.    This  conversion  takes  place  on  the  skin,  by  the  cutaneous 
I— 43 
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secretions.  A  considerable  amount  (to  10%)  also  undergoes  tsi  I 
change  in  the  intestine,  as  may  be  readily  seen  from  the  incrtasd 
secretion  of  sulphate  by  the  urine.  The  conversion  is  ordioaril;  n-  | 
ferrcd  to  the  alkalies  of  the  intestine;  but  Heffter  (1904)  points  oa 
that  the  alkali  exists  as  bicarbonate,  which  cannot  affect  the  ajorti- 
sion.  He  shows  that  it  is  produced  by  proteids  of  all  kinds  (cnf 
after  these  are  boiled).' 

The  conversion  always  occurs  slowly,  so  that  the  actions  of  snipiiii; 
are  gradual,  mild  and  prolonged.  This  determines  its  value.  Indeed 
the  Bowers  of  sulphur  are  more  valuable  than  precipitated  solpliiiT. 
since  the  latter  is  converted  too  rapidly,  on  account  of  its  fine  ^ 
division. 

The  actions  of  sulphur  agree  qualitatively  with  those  of  the  snlphii- 
On  the  skin,  it  acts  as  a  very  mild  irritant,  and  is  used  (as  sniphiii 
ointment)  mainly  as  a  parasiticide,  especially  in  scabies.  By  the  motnh 
it  acts  as  a  laxative,  softening  the  stools  with  practically  no  iotestiia! 
irritation.  It  is  especially  valuable  in  hemorrhoids.  It  is  usually  tA- 
ministered  as  Fulv.  Glycyrrhizae  Comp. ;  or  mixed  with  equal  parts  oi 
cream  of  tartar. 

Orzanic  Sulphur  Compound*.— Peculiar  value  has  been  attribotcii 
to  the  incompletely  oxidized  sulphur  occurring  in  organic  conqwamls 
The  pioneer  product  of  this  kind  is  ichthyol,  which  contains  ic%  of 
sulphur  as  sulfons,  mercaptans  and  sulphids.  It  is  weakly  antiKpc: 
and  mildly  irritant.  Taken  internally,  it  produces  gastro-intestina]  irri- 
tation, with  diarrhea.  Its  influence  on  metabolism  is  in  dispute.  Ii 
has  been  used  locally  to  cause  absorption  of  swellings  and  effnsiooi. 
in  contusions,  burns,  etc.,  and  especially  in  gynecologic  practire.  It 
has  also  proven  useful  in  skin -diseases,  acting  somewhat  like  sol^o' 
Inlernally,  it  has  been  endorsed  against  the  greatest  variety  of  disosw 
of  digestion,  respiration,  geni to- urinary  tract,  tuberculosis,  etc  Theit 
claims  bear  the  stamp  of  exaggeration. 

Iclithyol  Snbrtltute*.— The  disagreeable  odor  and  taste  of  idnhjoi 
cannot  be  disguised  by  flavors,  but  can  be  removed  by  combination: 
IckihalbtH,  a  compound  with  albumen,  is  recommended  for  intcrw: 
administration;  Ichthyoform,  an  almost  insoluble  compound  with  f«- 
m aldehyde,   as  antiseptic   dusting  powder. 

The  commercial  success  of  ichthyol  has  led  to  the  substitution  of  » 
number  of  synthetic  products,  formed  by  saturating  mineral  oils  wi* 
sulphur.  Thiol  and  Tumenal  are  the  principal  products  of  this  class. 
They  have  the  same  actions  as  ichthyol.  with  the  advantage  that  thn 
are  tasteless.  Linseed  oil  saturated  with  sulphur  has  long  been  used 
in  domestic  medicine  under  the  name  of  Harlem  Oil. 

Sulphites  and  Sulphuroua  Acid.— These  have  some  practical  \st- 
portance,  as  they  are  used  for  preserving  food.  The  free  acid  is  very 
irritant.  It  is  formed  by  the  combustion  of  sulphur  and  is  used  Ic 
disinfecting  rooms,  etc.  Sodium  sulphite  is  quite  toxic  when  inj(ctoi 
subcutaneously  or  intravenously,  causing  depression  and  paralysis  of 
the  central  nervous  system,  especially  the  medulla ;  and  of  the  caidiK 
and  arterial  muscle.  Death  occurs  by  paralysis  of  respiration.  Mud 
larger  quantities  are  tolerated  by  the  mouth;  the  sulphite  being  prob- 
ably slowly  absorbed.  The  greater  part  is  oxidized  to  the  hannku 
sulphate  during  and  after  absorption.  l.arge  amounts  may  cause  irri- 
tation and  vomiting,  sulphurous  acid  being  liberated  in  Uie  stomith 
The  quantities  which  may  be  taken  in  preserved  food  cause  no  srni)>- 
loms,  even  when  continued  for  several  months.  If.  however,  the  ani- 
mals arc  killed  and  examined,  extensive  hemorrhagic  and  infUnnnaioir 
lesions   are   found    in   various   organs    (Kionka    and    Ebstein,  ism'      i 
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Tbese  are  probably  due  to  destruction  of  red  blood  cells,  with  infarc- 
tion. Harrington,  1904,  also  describes  nephritic  changes.  The  use  of 
these  preservatives,  except  in  minimat  quantity,  should  therefore  be 
condemned. 

Hyposulphite*  (really  thio sulphates)  seem  to  have  similar  actions, 
as  fai  as  they  have  been  investigated. 

Therapeutic  C'sei. —  Sulphurous  acid  and  sodium  sulphite  are  some- 
limes  used  Internally  in  fermentative  dyspepsia.  The  sulphite  and 
thiosulphaie  (hyposulphite)  are  employed  as  mouth-wash  in  aphthae, 
and  as  10%  lotion  in  ringworm  and  other  parasitic  skin-diseases.  The 
thiosulphate  is  the  more  powerful.  The  weal;  antiseptic  action  is  due 
to  the  reducing  property. 

MATERIA  MEDICA  OF  SULPHUR  COMPOUNDS. 

Sulphur   Sublimalum    (US.P.,    B.P.).- 
The   sublimed   crude   sulphur.     Dose:    1 
(4  Gni.  =  6o  grs.   U.S.?.)     Insoluble. 

Sulphur  Latum  (V.S.P.)— Washed  5ii//iA«r.— Sulphur  washed  with 
ammonia  water,  to  remove  free  acid.     Dose:  same. 

Enters  into  the  preparation  of; 

Unguentum   Sultihuris   (U.S.?.,   B.P.)— 15%.      (Benzoinated   Lard.) 

Puivit  Glycyrrkteig  Composilus  (U.S.?.,  B.P.).— Contains  8%  (10% 
B.P.)  of  sulphur.  Don-.- 4  to  8  Gm.  (i  to  2  drachms).  (4Gm.  =  ii 
U.S.P.) 

Sulphur  Precipitatum  (U.S.P.,  B.P.).— (Lac  Sulphuris,  Milk  of  Sul- 
phur.)—  Made  by  precipitaling  a  solution  of  sulphurated  lime  with 
HCI.    Dote:  1  lo  3  Gm.  (15  to  45  grains).     (4  Gm.  =  60  grs.,  U.S.P.) 

Calx  Salphurata  (U.S.P.,  B.P.).— Made  by  reducing  Calcium  Sul- 
phate by  heating  with  charcoal.  Contains  60%  of  CaS,  and  is  some- 
times called  "  calcium  sulphide,"  It  has  some  repute  as  checking  the 
formationof  boils,  being  given  in  JojM  of  0.005  to  0,05  Gm.  (Vi«  to  Ji 
grain).     (ao6s  Gm.  =  i  gr.,  U.S.P.) 

Potassa  Sulphurata  (E,P.).— (Liver  of  Sulphur.)  Made  by  fusing 
S  and  KiCOi.  Soluble  in  2  parts  of  water.  Llsed  in  the  form  of  baths 
(30  to  200  Gm.  per  bath). 

Acidum  Sulphurojum   (U.S.P.,  B.P-),— See  Index. 

Sodii  Sulphis  (U.S.P-,  B.P.).— Na,S0.-f-7H,0.  Sol.  in  2.  water, 
sparingly  in  ale.  Oxidizes  in  air  to  sulphate.  Dose:  0.3  to  2  Gm.  (5 
1030  grains),     (i  Gm.  =  15  grs..  U.S.P.) 

Sodii  Bisuiphis  (U.S.P.).— NaHSO..  Sol  in  3.5  water,  ?o  ale. 
Dole:  as  the  preceding,     (as  Gm.  =  7'/i  gr.,  U.S.P.) 

Sodii  Thiosulphas  (V.S.F.).— {Sodium  Hyposulphile).—  liii,5J3,+ 
SH^.  Large  crystals,  sol.  in  0.35  water,  insol.  in  ale.  Decomposed 
by  heating.     Dose:  as  the  Sulphites. 

For  use  as  lotions  these  salts  are  dissolved  m  8  to  10  parts  of  water. 

'Ichihyol:  A  mixture  of  sulphur  compounds,  obtained  by  the  dis- 
tillation of  a  bituminous  shale,  rich  in  the  fossil  remains  of  fishes 
(hence  the  name),  found  in  Tyrol.  Rendered  soluble  in  water,  glycer- 
in. <Ml;         *  '  ' 

'"to  a 

dark  brown  oil.  of  weakly  acid  reaction,  and  of  disagreeable  odor  a 
iMle.    It  is  used  as  ointment,  diluted  with  petrolatum  or  glycerin,  m 
strengths  of  5  to  50%;  as  a  lotion   (5  to  10%)  ;  or  infernally  in  doses 
0'  o,a  to  I  Qm.  (3  to  15  grains), 

'  Uhlhalbin  (Tchthyolalbuminate)  :  Brown  powder,  odorless,  insolu- 
ble in  water,  soluble  in  alkaline  fluids.  Dose:  0.5  to  2  Gm.  (8  to  30 
gfains). 

Sludr  Maleru  Medio    Lcuon   s. 
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*lchlhyoform  (Ichthyol-formaldehyde) 
most  odorless ;  as  dusting  powder.  £ 
as  to  2  Gm.  (8  to  30  grams). 

*  Thiol.  An  artificial  product,  consisting  mainly  of  sulfons.  Bton 
oil  or  powder,  odorless,  freely  soluble  in  the  same  solvents  a  id- 
tlvol.    Used  in  the  same  manner. 

*  Titmenol:  Another  similar  product  It  exists  as  tutnenol  pnrei. 
a  thick  oil ;  as  lumenol  powder,  and  as  tumenol  oil,  a  thinner  prodtid 
All  are  dark-colored  and  almost  odorless,  Tumenol  and  the  fowia 
dissolve  like  ichthyol.  The  oil  is  insoluble  in  water,  but  soiabk  a 
ether.    These  products  are  used  like  idithyol. 

ACIDS. 
(For  the  Materia  Mcdiea  of  acids,  see  Index.) 

(a)  Members. —  The  most  typical  acids  in  regard  to  the  local  acoto 
are  sulphuric  and  hydrochloric  acid.  Nitric  acid  produce*  the  suBt 
effects,  but  differs  from  these  in  its  chemic  action,  producing  lantlio- 
proteic  acid  from  the  proteids.  The  sulphurous  acid  has  also  a  maW 
corrosive  power.  Hydrofluoric  acid  has  a  specific  toxic  action,  pw 
trates  very  deeply  in  virtue  of  its  volatility,  and  is  especially  stnogr 
corrosive.  Of  the  organic  acids,  those  of  the  fatty  series  act  similirlT. 
but  are  weaker.  The  trichlor-acetic  acid  is  the  most  corrosive  of  tlw 
The  volatility  of  most  of  the  fatty  acids  makes  them  more  pendraHDf 
than  the  mineral  acids.  Oxalic  acid  occupies  a  place  by  itself  on  x- 
count  of  its  specific  toxic  action,  produced  probably  by  the  precipitMOo 
of  the  calcium. 

The  compound  acids  —  such  as  ethyl-sulphuric,  etc. —  act  like  orgawc 
acids.  The  aromatic  acids  act  partly  as  acids,  but  this  action  is  gfeicj 
obscured   by  their  collapse  action. 

The  irritant  action  of  the  acids  is  also  shared  to  some  extent  bj  ^ 
acid  salts,  acid  tartrates,  acid  sulphates,  etc. 

(b)  The  natore  of  the  cauitic  action  produced  by  aods 
varies  to  some  extent  with  the  constituents  of  the  tissues. 
But,  on  the  whole,  it  consists,  with  concentrated  acids,  in 
withdrawal  of  water;  in  the  formation  of  acid  albumins; in 
softening  of  the  connective  tissue  and  epithelium;  and  i" 
special  situations,  in  solution  of  calcareous  material. 

All  the  concentrated  acids  have  an  affinity  for  water,  and  witMn* 
this  from  the  cells.  This  affinity  is  so  strong  in  the  case  of  «mc«- 
trated  H,SO.  that  not  only  the  formed  water  is  withdrawn  froo  l» 
tissues,  but  the  elements  H  and  O  are  split  off  from  their  chemic  coo- 
binations  with  carbon,  leading  to  carbonization. 

All  acids  convert  proteids  into  acid-albumins,  which  are  insolahlt  m 
moderately  strong,  but  soluble  In  concentrated  or  very  weak  tcH^ 
Upon  this  precipitation  of  proteids  depends  their  astringent  and  st^fc 


centrated  acids  have  a  similar  effect  upon  eptthfliut. 

dissolving  it,  they  soften  it  in  such  a  manner  that  it  is  rcadilT  *■ 
tached.    Dilute  acids,  on  the  other  hand,  harden  it 
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The  profound  tissue  destruction  by  acids  gives  rise  to 
extensive  scar- formation.*  For  this  reason,  and  because 
they  are  very  painful,  they  are  not  much  used  as  caustics. 

The  destruction  of  proteids  makes  acids  efficient  antisep- 
tics. Even  quite  dilute  solutions,  such  as  the  gastric  juice, 
suffice  to  limit  the  growth  of  bacteria.  The  concentrated 
acids  destroy  them  outright. 

(0)  Dilate  lolatiom  of  acids  produce  a  mild  irritation, 
and  at  the  same  time  harden  the  epithelium,  without  de- 
stroying it.  They  are  therefore  preferred  to  alkalies  as 
counterirritants.    . 

They  differ  from  the  volatile  organic  irritants  in  that 
they  do  not  penetrate  so  deeply,  and  do  not  cause  nephritis. 
They  are  therefore  specifically  indicated  in  certain  condi- 
tions. 

For  this  purpose  they  may  be  used  in  the  form  of  baths,  in  the 
strength  of  about  30  c.c.  (l  ounce)  to  the  bath  (30  gallons).  Or  they 
may  be  applied  as  lotions.  In  this  case  the  volatile  acids  are  pTeferred, 
because  their  action  is  deeper.  Formic  acid  has  a  special  reputation. 
It  is  used  in  the  strength  of  about  4%  or  5%  in  alcohol. 

This  stimulation  of  the  skin  without  destruction  of  epidermis  is  very 
frequently  used  to  increase  the  amount  of  sweat;  and  acids,  usually 
in  the  form  of  vinegar,  are  therefore  used  for  sponging  in  fever.  On 
this  account  they  have  received  the  name  of  "  refrigerants."  On  the 
other  hand,  they  are  used  in  excessive  secretion  of  sweat  (sweating 
feet)  to  harden  the  epidermis.  For  this  purpose  5  or  10  c.c.  of  con- 
centrated hydrochloric  acid  arc  put  in  a  basm  of  water  and  the  feet 
placed  in  this  until  they  become  painful.     This  is  done  about  twice  a 

Their  use  in  dyspepsia  has  already  been  noted  on  page  585.  The  con- 
tinued use  of  even  quite  dilute  solutions  of  mineral  acids  (mineral 
lemonade)  leads  to  chronic  gastritis.  The  irritant  action  on  the  ali- 
mentaiy  canal  is  employed  to  produce  catharsis.  It  has  been  pointed 
out  (Chap.  XXVI)  that  the  free  acids  will  not  reach  the  inlestint, 
»)  that  acid  salts  or  acjd  fruits  are  used  for  this  purpose. 

The  irritant  action  of  the  volatile  acids  is  sometimes  employed  to 
produce  reflex   stimulation  of  the  central  nervous   system  by   inhaling 

(d)  Continued  expowre  to  the  v«pora  of  acids,  as  occurs  in  cer- 
tain trades,  gives  rise  to  chronic  bronchitis.  They  also  attack  the 
teeth,  and  from  these  the  necrosis  may  spread  to  the  jaw,  as  with 
phosphorus. 

THE  HALOIDS. 

(a)  QeaeraL — These  comprise  bromin,  iodin,  chlorin,  and  the  hypo- 
tUorilei. 

Their  corrosive  action  is  determined  by  their  entering  very  easily 
into  chemic  reaction  with  all  kinds  of  organic  substances,  taking  from 
ihem  hydrogen  and  forming  hydrobromic,  hydrochloric,  and  hydriodic 
uHds,  which  have  the  ordinary  acid  actions.  If  water  is  present  they 
will  set  free  oxygen  in  the  form  of  ozone,  by  combining  with  the 

'Sec  1.  HoSnunn'a  Allu  of  Legal  Medicine.  Plilea  33,  34,  35,  36  and   37. 
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hydrogen  of  the  water;  this  is  also  a  strong  irritant  The  hakeen 
furthermore  enter  directly  into  the  proteid  molecule. 

<b)  Bromin  and  Chlorin. —  Bromin  is  the  most  violent  of  ibe 
haloids,  because  it  is  at  once  volatile  and  fluid.  It  produces  »ery  deep 
and  very  extensive  destruction  of  substance,  somewhat  like  alkalies. 

As  volatile  poisons,  bromin  and  chlorin  have  a  very  strong  actioa 
upon  the  respiratory  organs.  One  part  in  a  million  of  hroniin  ii 
already  disagreeable;   ia:i,000/XX>  is   said  to  be  dangerous. 

The  action  of  bromin  and  chlorin  is  purely  local. 

It  has  been  claimed  that  they  are  absorbed  and  excreted  in  the  free 
State  in  the  urine.  The  absurdity  of  this  is  shown  by  the  fact  tbat 
these  are  used  as  tests  for  urea. 

Bromin,  chlorin,  and  the  hypochlorites  are  sometimes  used  as  anti- 
septics.    (See  Chap.  XVII,  C.)     They  have  practically  no  other  ibera- 

(c)  lodin. — ■  The  case  is  quite  different  with  the  remain- 
ing haloid,  idoin.  Free  iodin  forms  one  of  the  most  useful 
of  counterirritants.  Just  as  in  the  case  of  the  iodids,  how- 
ever, its  characteristic  action  has  in  it  nothing  special,  bat 
can  be  explained  on  easily  understood  principles.  It  pre- 
cipitates proteids  and  enters  into  easily  dissociated  com- 
pounds with  them.  On  this  account  it  remains  for  a  long 
time  at  the  place  where  it  is  applied.  At  the  same  time,  it 
penetrates  on  account  of  its  volatility.  Its  action  is  there- 
fore at  once  lasting  and  penetrating.  The  action  is  com- 
paratively mild,  and  can  be  easily  graduated  by  successive 
applications;  so  that  it  is  possible  to  reach  very  strong 
sensory  irritation  without  causing  a  deep  destruction  of 
tissue. 

These  actions  suffice  to  explain  its  therapeutic  success. 
It  is  used  mainly  for  the  removal  of  itiAammatory  products: 
in  rheumatism,  tubercular  glands  and  swellings,  syphilitic 
affections,  etc.  It  was  at  one  time  used  extensively  by 
injection  to  cause  adhesive  inflammation  in  cysts  of  all 
kinds.  This  is  extremely  painful,  and  sometimes  causes 
local  gangrene,  or  at  times  enough  is  absorbed  to  cause 
general  symptoms:  gastritis,  arterial  spasm,  neurotic  coo- 
dttions,  solution  of  red  corpuscles,  degenerative  lesions  in 
the  liver,  etc.  If  it  is  used  at  all  for  injection,  it  should  be 
in  the  form  of  the  compound  (aqueous)  solution  (Lugol's 
solution)  and  not  of  the  alcoholic  tincture.  It  has  befli 
displaced  almost  entirely  by  surgical  treatment.  In  its 
injection  in  goiter  it  probably  acts  simply  as  a  counter- 
irritant,  and  not  as  do  the  iodids  given  intemally. 

The  treatment  of  poisoning  by  haloids  consists  in  demol- 
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cents  (egg  or  milk  or  oils);  dilute  alkalies  (NaHCOj); 
iodin  demands  starch.  Sodium  hyposulphite  is  also  some- 
what antidotal- 

MATERIA  MEDICA  OF  HALOIDS. 

Kwniun   (U.SP.).— Br.     A  brown  liquid. 

*Cblomm. —  0.    A  green  gas. 

Liquor  Chlon  Compositus  {XJ.S.V.).— (Aqua  Chlori).  At  least 
0-4%  CL  Should  be  freshly  made  by  decomposing  KOO.  with  HO. 
Doie:  4Ct:.  =  i3   (U.  S.  P, 

Coir  Chtoriaala  (U.  S.  P.,  'B.'P.).— Chlorinated  Lime.— (.Bleaching 
pomter.)  (Miscalled  Chloride  of  Lime.)  Made  by  passing  chlorin 
over  slaked  lime.  Should  contain  30%  of  chlorin  which  can  be  lib- 
erated t^  acids. 

Liquor  Sod<t  Chlorinata  (U.S.P.,  B.  P.). —  Labarraqne's  Solution 
Javelle  Water. —  Made  by  decomposing  Chlorinated  Lime  with  a  solu- 
tion of  Sodium  Carbonate,  Contains  at  least  3.4%  of  Chlorin.  Dose: 
I  c.c.  =  rs  11,  U,S.P. 

lodnm  (U.S.P.,  B.P.).— /orff«.— I.  Characteristic  scales;  soluble  in 
5000  water,  freely  in  aqueous  solution  of  KI  or  in  lo  parts  of  Alcohol. 
Dose:  5  mg.  =  y„  gr.,  U.S.P. 

Liquor  lodi  Compositus  (U.S.P.).— (Lwgo/'j  Solulion.)^l,  5%;  KI, 
io%.    Dose:  0.06  to  0.5  c.c.  (i  to  10  minims).     (0.2  c.c.  =  3Tr|., U.S.P.) 

Liquor  lodi  Fortii  (B.P.).— 14%  I  in  KI.     Externally. 

Tinctura  lodi   (U.S.P.,  7%;   KI,  5%)    [B.P.,  2^%].     Doj 
0.3  C.C.  (i  to  S  minims),  diluted,     (o.i  c.c.    -    ■ '  -    ■-'-  " 

UngaentuM  lodi    (U.S.P,,    B.P.).— 4%. 

Sutphuris   lodidum    (U.S.P.,    B.P.).— Ml ,    „   _ 

iodin.     Contains  80%  of  the  latter.    Used  externally  like  iodin. 

Ungnentutn  Sulpkuris  lodidi  (B,P.). 

*  Iodin  Tribromid, —  IBri,  Recommended  in  angina  diphtheritica  as 
spray,  in  i  ^300  dilution. 

'Iodin  Trieklorid. —  ICU.     Antiseptic   (i  :  lOOO).     Soluble  in  alcohol. 

(d)  Iodoform. —  This  substance  acts  by  liberating  iodin;  but  this 
shows  some  peculiarities,  due  to  the  manner  in  which  it  is  produced 
Iodoform  itself  is  insoluble  and  probably  quite  inactive.  It  is  also 
quite  stable  outside  of  the  body ;  but  in  contact  with  tissues  or  iheir 
extracts,  and  particularly  with  diseased  tissues  and  with  bacteria,  it 
slowly  evolves  iodin  (Altenburg,  Schmidt,  iQoi).  This  occurs  so  slow- 
ly that  the  effects  are  mild,  but  quite  sufficient  to  be  markedly  antiseptic 
to  bacteria,  and  stimulant  to  the  cells.  Iodoform  is  therefore  very  valu- 
able in  treating  open  wounds,  since  it  promotes  healing  by  stimulating 
granulation  and  lessening  or  preventing  infection.  It  is  the  most  uni- 
versally used  dusting  powder;  it  is  also  injected  into  tubercular  joints, 
usually  as  an  emulsion  with  glycerin  (see  Jjage  387), 
_  Iodoform  has,  however,  a  number  of  disadvantages:  The  most  ob- 
tectionable  feature  is  the  persistent  odor,  which  cannot  be  disguised 
by  any  perfume.  Iodoform  is  also  apt  to  develop  irritant  phenomena 
in  susceptible  individuals,  producing  particularly  eceemas,  even  in  mi- 
nute amounts. 

Qeneral  Intoxication.— (P.  Mulzer,  1905).  This  may  occur  when 
iodoform  is  applied  over  a  large  area,  or  when  it  is  injected. 
The  symptoms  consist  in  diuresis,  lassitude  and  somnolence,  hallucina- 
tions, diminished  reflexes,  light  convulsions,  and  paralyses.    The  tem- 
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perature  falls.  Death  occurs  through  general  paralysis  of  the  central 
nervous  system.  Sodium  bicarbonate  is  said  to  be  antidotal.  Chronic 
poisoning  is  also  characterized  by  paralytic  phenomena.  The  heart, 
liver  and  kidneys  exhibit  fatty  changes.  Iodoform  dermatitis  is  some- 
times   seen.     It   resembles   ivy   poisoning    (Bryan,    1903). 

Excretion:  Iodoform  is  not  excreted  as  such,  either  by  the  kidneys 
or  lungs.    It  appears  in  the  urine  as  iodid  and  iodate. 

(e>  Iodoform  Substitute*.—  The  unpleasant  odor  of  iodoform  has 
led  to  a  search  for  substituted.  The  odor  can  be  much  diminished 
by  combining  the  iodoform  with  hexamethylenetetrarain  ("  lodoform- 
in  ")  and  this  with  ethyt-iodid  ("  lodoformal ")  ;  or  by  enveloping  the 
iodoform  with  coagulated  proteid  {"  lodoformogen").  All  these  com- 
pounds, however,  are  decomposed  by  water,  with  the  liberation  of 
iodoform;   so   that  the;  accomplish   their   object   very  imperfectly. 

Since  the  value  of  iodoform  rests  on  the  slow  evolution  of  iodin, 
it  could  theoretically  be  replaced  bj;  other  inodorous,  insoluble  com- 
pounds holding  iodin  in  weak  combination.  A  number  of  such  prod- 
ucts have  been  introduced.  Although  it  is  not  easy  to  form  a  fair 
judpnent  of  their  value,  they  seem  10  be  rather  inferior  to  iodoform. 
It  IS  apparently  verv  difficult  to  reproduce  just  the  same  favorable 
loose   combination.     The  high   price  of  these  products  is  also  against 

The   following  are  the  principal,   more  or   less  successful,   iodoform 
substitutes  of  this  class: 
I    Iodid    (Aristol 

lid)  ;   and  Eigon    ... 

ntemally  for  the  systemic  effects  of  iodin,  but  have  no  advantage 
over  potassium  iodid.  Diiodoform  (Ctl<)  has  also  been  tried  as  iodo- 
form substitute,  but  decomposes  too  readily. 

Iodin  introduced  into  the  nucleus  of  benzol -derivatives  is  held  so 
firmly  that  these  compounds  do  not  have  the  iodoform  action  — 
alUiough  they  are  generally  antiseptic  by  belonging  to  the  benzol- 
series.  Such  products  are:  Losophan  (Tri-iod-metacresol  —  very  irri- 
tant, used  against  cutaneous  parasites)  ;  also  tetra-iod-pbenolphthalein 
(Nosophcn)  and  its  sodium  salt  (Anlinoiin)  and  bismuth  salt  (£«- 
doxin)  ;  Sojsoiodol  and  Picrol  (iodized  aromatic  sulfo-acids),  etc. 

Some  of  the  indications  of  iodoform  may  be  met  by  bisnwlh  sails 
(see  page  620). 

MATERIA  MEDICA  OF   IODOFORM   GROUP. 

Iodoform«m  (U.  S.  P.,  B.  P.).—  Iodoform.—  CHI,.  Made  by  the  re- 
action of  alcohol,  iodin,  and  pot.  bicarbonate.  Yellow  crystals  of  a 
characteristic  odor.  Very  slightly  soluble  in  water  or  glycerin,  soluble 
in  46.7  parts  of  alcohol,  freely  in  oils  or  ether.  Contains  97%  of  iodin. 
Dojc-  0.05  to  0.2  Gm,   (i  to  3  grs,)    (0.25  Gm,  =  4  Rrs.,  U.  S.  P.). 

Ung^enlum  Iodoform!   (U.  S.  P.,  B.  P.)   contains  10%,  in  Lard. 

Suppositoria  lodoformi  (B.  P.)  each  contains  0.2  Gm.  (3  grs.) 

Iodoform  (and  other  loose  iodin  derivatives)  are  incompatiblt  with 
starch.  They  are  ^nerally  decomposed  by  heat,  and  can  therefore  not 
be  sterilized  in  this  manner.  Since  they  become  antiseptic  when  ap- 
plied to  wounds,  sterilization  is  usually  superfluous.  Iodoform  ren- 
dered aseptic  by  the  addition  of  a  trace  of  paraform  is  on  the  market 
under  the  name  of  "  Eka-iodoform." 

The  iodoform  substitutes  are  also  injured  by  heat  and  light.  They 
are  all  insoluble  in  water  and  are  used  like  iodoform. 

•  lodoformin.  lodoformal,  and  lodoformogen  have  a  faint  odor  of 
iodoform ;  the  first  is  whitish,  the  others  yellow.    The  first  two  libermte 
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iodoform  on  the  addition  of  water.  lodofomiin  contains  75%  of  iodo- 
fonn ;  iodoformogen  10%. 

Thymolis  lodidum  (U.  S.  P.).— (Diihymol-diiodid— CCHiCH.-C.Ht. 
01),  —  Arislol). —  Contaiaa  43%  lodin.  Chocolate  colored  powder 
with  slight  aromatic  odor,  tnsol.  in  water  or  glyc. ;  slightly  sol.  in 
ale,  readily  in  oils,  ether,  etc. 

ladoliim  (U.S.  P.),— /oiio/— Telraiodopyrrol  — C.I,.NH.  Grayish- 
brown  powder,  without  odor  or  taste.  Sol.  in  4900  water,  9  ale;  also 
in  oils,  etc.    Dom.*  0.25  Gm.  =  4  grs.  (U.S.P.). 

*Europhen.  Eigon,  Diiodoform.—  YeWov  powders,  practically  devoid 
of  odor  and  taste. 

*  Lotopkan  occurs  as  white,  odorless  needles,  practically  insoluble 
in  water;  used  as  i  to  3%  oiniment  or  1%  lotion  (with  75%  alcohol) 
in  ringwOTrn,  favus,  pruritus,  etc. 

*  Nosophen  and  Eudoxin  are  brownish  powders,  practically  insoluble 
in  water,  used  on  wounds,  and  internally  as  intestinal  antiseptics  in 
ioie  of  0.3  to  0.5  Gm.   (5  to  10  grains). 

'  AHtinotiti  occurs  as  blue  crystals,  soluble  in  water,  used  as  anti- 
septic lotion  in  strength  of  o.i  to  2%. 

*  Soxoiodol  (Di-iod-phenol  sulfoacid)  is  used  as  antiseptic  in  the  form 
of  its  Hg,  K,  Na  and  Zn  salts. 

HYDROGEN  DIOXID. 

The  peroxids  resemble  the  halogens  somewhat.  They  are  fairly 
stable,  but  under  certain  conditions  they  part  with  a  portion  of  their 
oxygen,  which  in  this  nascent  condition  is  especially  active,  and  exerts 
antiseptic  effects.  The  hydrogen  peroxid  is  the  best  known  and  is 
employed  for  washing  wounds  and  ulcers,  as  injection  for  gonorrhea, 
M  mouth-wash,  etc.  It  is  scarcely  irritant,  but  is  best  diluted.  In 
contact  with  pus  it  foams,  and  this  aids  mechanically  in  cleansing  the 
wound.  Hydrogen  peroxid  is  also  a  chemic  antidote  for  cyanid  and 
phosphorus   poisoning.     It   is   often   used    for   bleaching   the   hair   and 

Aqua  Hydrogenii  Dioxidi  (U.  S.  P.)  {Liquor  Hydragenit  Peroxidi, 
B.P.).— An  aqueous  solution  containmg  3%  by  weight  of  HiOi,  and 
yielding  ten  times  its  volume  of  oxygen.  (Prepared  by  decomposing 
barium  peroxid  by  means  of  phosphoric  acid.  Incompatible  with  easily 
oxidizable  substances.) 

•  Pyrozon  represents  a  50%  solution  of  Hid  in  elher. 

The  organic  peroxids.  which  are  used  as  intestinal  antiseptics,  arc 
discussed  on  page  386. 

METALLIC  SALTS. 

(■>  Qeneral.— The  local  action  of  metallic  salts  (with  the  excep- 
tion of  arsenic  and  antimonyl  is  due  to  their  forming  compounds  with 
the  tissue  elements,  which  are  only  soluble  under  certain  conditions. 
In  this  way  the  albuminate,  etc.,  of  the  metal  is  formed,  and  the  acid 
of  the  metallic  sail  is  set  free.  If,  for  instance,  a  solution  of  ferric 
chlorid  is  added  to  egg-albumen,  the  result  is  an  albuminate  of  iron, 
*nd  free  hydrochloric  acid. 

This  free  acid  will  exert  its  own  irritant  action.  So  that  the  local 
effects  of  metallic  salts  rest  on  two  factors :  the  precipitant  action  of 
(he  metal,  and  the  irritant  action  of  the  liberated  acid.  Both  will  have 
n  influence  upon  the  total  effect.  The  metal-proteid  compounds  are 
usually  of  inconstant  composition ;  i.  r,  they  contain  varying  amounts 
of  metal  and  proteids. 

StDdT  Materia  Uedica  Lewin  6. 
•tiot  official. 

DigmzedbyGoOgle 


682  irritants;  corrosives.  ch.  xxvni 

Some  of  these  metal  albuminates  are  almost  insoluble  in  water ; 
some  are  soluble  in  excess  of  proteid,  especially  when  neutral  salts  are 
present ;  others  are  not.  This  solubility  is  of  practical  importance  in 
the  local  action.  If  the  precipitate  is  soluble,  there  is  no  obstacle  to 
the  penetration  of  the  metal,  and  its  action,  irritant  or  caustic,  is  deep. 
If,  on  the  other  hand,  the  precipitate  is  insoluble,  as  in  the  case  of 
lead  salts,  penetration  cannot  take  place ;  the  irritation  is  confined  to 
the  surface,  and  an  astringent  action  results.  The  difference  between 
caustic  and  astringent  action  is  therefore  mainly  one  of  penetration. 
In  regard  to  this,  the  metals  stand  in  about  the  following  order :  The 
most  astringent  is  lead;  then  comes  aluminum;  then  iron;  then  zinc, 
copper,  silver,  and  tin.  which  stand  about  on  a  level ;  the  most  caustic 
is  mercury.  As  to  the  liberated  acids,  the  stron^st  caustic  action 
appears  in  hydrochloric  acid;  then  comes  nitric  acid;  then  sulphuric; 
then  phosphoric:  the  weakest  of  all  are  the  organic  acids  —  acetic, 
citric,  and  tartaric. 

By  proper  combination,  then,  between  the  metals  and  the  acids,  one 
may  obtain  any  grade  of  action  from  pure  caustic  to  pure  astringent. 

The  most  typical  caustic  would  be  mercuric  chlorid,  the  most  typical 
astringent,  lead  acetate. 

The  strength  of  action  will,  of  course,  also  depend  upon  the  con- 
centration in  which  the  salt  is  used,  and  this  is  often  limited  by  its 
solubility.  The  chlorid  of  silver  would,  theoretically,  be  a  stronger 
caustic  than  the  nitrate,  but  since  it  is  not  soluble,  it  cannot  be  used  in 
the  same  concentration. 

It  must  not  be  forgotten  that  the  irritant  action,  the  astringent 
action,  and  the  caustic  action,  are  merely  degrees  of  the  same  process. 
The  astringent  action  always  precedes  the  caustic  action ;  and,  conse- 
quently, by  proper  dilution,  one  may  obtain  astringent  effects  from  salts 
which  are  ordinarily  purely  caustic.  For  instance,  silver  nitrate  can 
be  so  graduated  in  strength  as  to  have  a  purely  astringent  action, 
without  any  caustic  effect  whatever. 

It  is  therefore  impossible  to  establish  a  perfectly  definite  classification 
between  the  metallic  salts.  An  approximation  to  it  is  given  in  the 
following  table: 

CLASSIFICATION  OF  METALLIC  SALTS. 

Mainly  Caustic:    All  Hg  salts;  ZnCI>;  SnCI.;  SbCk; 

tartar  emetic ;  CuSO,. 
Both    Caustic    and     Astringent :      Fe    salts ;    ZnSO. ; 

ZnAc,*;  CuAc;  AgNO,:  Pb(NO.),;  Pbl,. 
Mainly  Astringent:    Alum;    FbAci;    Pb,OAci;   ZnO. 
Bi  subnitrate ;  white  precipitate, 
(b)  The  canatlc  actioa  of  melalUe  sails:    This  was  formerly  used 
quite  extensively,  but  it  has  now  been  largely  abandoned.    Most  are 
not  sufficiently  powerful  for  this  purpose;  others,  again,  arc  too  toxic, 
being  absorbed   in    sufficient  amount  to   produce  poisoning.    To  the 
latter  class  belong  arsenic,  antimony,  and  mercury.    Zinc  chlorid  and 
"   ■■         ■   ■     •  -  ■       b„, 


kept  within  bounds.  In  fact,  of  all  the  metallic  caustics,  silver  nitrate 
in  the  form  of  sticks  (Lunar  Caustic),  and  to  a  less  extent  copper 
sulphate,  are  alone  used  to  produce  a  purely  caustic  action.  Arsenic, 
were  it  not  for  its  toxicity,  would  be  a  veiy  useful  corrosive.  Its 
action  is  so  slow  that  it  can  be  very  readily  limited.  It  was  believed 
to  destroy  only  pathologic   formations,  leaving  healthy  tissue  intact. 


.dbyCoogle 


METALLIC   IRRITANTS.  683 

This  would  be  easily  understood,  from  the  fact  that  the  former  are 
much  less  staple.  Stiver  Nitrate  is  also  quite  easily  controlled,  since 
its  action  may  be  stopped  at  once  by  washing  with  NaCI,  which  con- 

-     "-   ■  ■)  AgCl. 

._,    uit  Act! 

Sldn. —  The  changes  produced  by  metals  a  ,  

their  employment  over  large  areas,  or  for  a  long  time.  They  are  most 
extensively  used  for  local  counterirritation ;  for  instance,  to  cause  the 
absorption  of  inflammatory  effusions,  or  in  certain  skin  diseases.  In 
the  latter,  they  may  be  valuable  largely  on  account  of  their  antiseptic 

Mercury  is  the  strongest,  both  as  regards  the  irritant  and  antiseptic 
effects.  It  may  be  used  as  soltUions  of  corrosive  sublimate  I  :  10,000 
to  1 :  1000;  or  as  the  black  or  yellow  wash,  (see  p.  646)  ;  or  in  the  form 
of  ointments.  The  strength  of  action  of  the  oRkial  ointments  is  about 
as  follows: 

The  most  irritant  and  caustic  is  Ung,  Hydrargyri  Nitratis  (Citrine 
Ointment).  Then  comes  Ung.  Hydrarg.  Ammoniat;  Ung.  Hydrarg. 
Oxidi  Flavi;  Rubri;  least  irritant  is  the  Unguentum  Hydrargyri. 

Of  other  irritant  metallic  salts,  the  Tartar  Emetic  is  sometimes  used 
in  the  form  of  ointment  (5  to  10%)  to  produce  pustular  eruptions. 
It  is  too  painful  to  be  popular. 

(b)  For  the  use  of  these  irritants  on  ulcers  and  mucoua  oieRi' 
bnnes,  see  Index ;  their  use  as  antlieptici.  Chapter  XVII,  C 

(c)  On  the  Intestinal  Canal.— The  first  effects  of  the 
irritant  action  in  this  situation  are  nausea  and  vomiting. 
This  is  produced  by  all  soluble  metallic  salts  in  large  doses. 
But  Copper  and  Zinc  have  a  rather  specific  action,  irritating 
the  nerve  endings  which  give  rise  to  the  reflex  of  vomiting, 
and  thus  being  evacuated  before  they  have  time  to  produce 
any  injury.'  The  dose  is  therefore  almost  immaterial, 
within  quite  wide  limits. 

Very  large  doses  may  not  be  completely  evacuated  and  may  then 
cause  fatal  gastro-enteritis  —  40  Gm.  of  CuSO.  proved  fatal  on  the 
fourth  day.  The  average  emetic  dose  of  these  salts  is  about  i  Gm. 
(15  grains),  dissolved  in  a  glass  of  water,  and  repeated  in  fifteen  to 
ttirty  minutes  if  necessary.  The  effect  is  very  prompt  and  is  accom- 
panied by  very  little  nausea.  Th-y  are  therefore  more  useful  as  pure 
emetics  than  they  are  as  nauseants.  Alum  is  also  given  in  the  same 
way  in  doses  of  4  to  8  Gm.,  hut  is  not  as  quick.  Tartar  Emetic  was 
formerly  much  used  for  this  purpose.  It  causes  a  more  prolonged 
nansea  and  is  more  depressant.  Its  indications  are  consequently  more 
those  of  an  expectorant.  It  should  not  be  used  continuously  for  fear 
of  chronic  poisoning. 

Certain  irritant  metallic  salts  do  not,  in  therapeutic 
doses,  develop  much  action  until  they  reach  the  intestine. 
Here  they  act  as  cathartics. 

The  most  useful  of  these  are  the  salts  of  mercury.  Mer- 
curous  chlorid  —  calomel  —  deserves  the  preference,  since 
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it  is  entirely  insoluble  in  the  stomach  and  so  avoids  the 
gastric  irritation  which  accompanies  the  action  of  all  solu- 
ble metallic  salts.  Its  solution  in  the  intestine  is  due  to  its 
forming  albuminates  which  are  soluble  in  the  mixture  of 
carbonates  and  chlorids  of  the  intestinal  juice.  This  is  the 
reason  why  calomel  is  less  actively  cathartic  in  sucklings 
than  in  adults:  the  intestinal  canal  of  the  former  contains 
much  less  chlorid. 

This  solution  is  a  slow  process,  so  that  it  has  not  usually 
progressed  very  far  when  the  excess  is  removed  by  the 
catharsis.  The  dose  is  therefore  immaterial  within  rather 
wide  limits  —  from  0.005  'o  ^-^  ^^-  <  ^^'^  ^"^^^  much  larger 
doses  were  popular  with  the  old-style  physician.  These 
are,  however,  entirely  superfluous,  and  may  become  dan- 
gerous should  conditions  be  exceptionally  favorable  to 
solution.  This  may  occasionally  occur.'  When  larger 
doses  are  employed,  it  is  usual  to  mix  them  with  small 
amounts  of  vegetable  cathartics  to  hasten  their  evacuation. 
Podophyllin  (5  mg  —  Vis  gr)-  'S  useful  for  this  purpose. 
The  Pil.  Cathart.  Comp,  of  the  U.S.P.  contains  the  calomel 
in  serviceable  form. 

Mercury  was  formerly  considered  to  stimulate  the  flow 
of  bile.     The  fallacy  of  this  has  been  discussed  on  page  643. 

However,  calomel  has  an  advantage  over  most  other 
cathartics  in  being  distinctly  antiseptic,  without  interfering 
with  the  action  of  ferments.  Salts  of  other  metals  have 
also  been  used  as  purgatives;  thus  sulphuret  of  antimony 
(Plummer's  Pill).  Arsenic  has  a  cathartic  action,  but  pre- 
sents too  great  danger  of  toxic  effects  from  absorption. 

(d)  On  Kidneys:  A  mild  degree  of  the  irritant  action  on 
the  renal  epithelium  —  common  to  all  absorbable  metals  — 
leads  to  a  diuresis.  This  is  utilized  in  practice  only  in  the 
case  of  calomel,  especially  in  cardiac  dropsy. 

Calomel  Diurola. —  The  diuretic  efTect  of  calomel  in  cardiac  dropsv 
is  said  to  have  been  well  known  lo  the  physicians  in  the  latter  half  of 
the  eighteenth  century,  but  it  was  forgotten,  and  practically  redis- 
covered by  Jendrassik  in  t886.  He  found  it  effective  mainly  in  cardiac 
dropsies,  in  which  it  produced  results  far  greater  than  could  be  ob- 
tained with  digitalis  or  caffein.  The  urine  was,  often  increased  to 
7  or  8  liters  a  day.  The  absolute  amount  of  tirea  and  chlorids  was 
also  greatly  increased.  To  obtain  the  best  effects,  0.2  Gm.  was  given 
from  4  to  5  times  a  day,  until  a  slight  mercurial  stomatitis  was  pro- 
duced.   If  this   did   not  prove  effective  from  the   start,  the  remedy 
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wa»  discontinued ;  it  also  seems  wise  to  intermit  it  occasionally.  The 
bowels  may  be  regulated  by  opium.  Jendrassik  remarks  that  the  calo- 
mel appears  relatively  or  quite  ineffective  when  the  heart  disease  is 
uncomplicated  by  dropsies ;  it  was  also  ineffective  in  pleuritic  exudates, 
in  nephritic  effusions,  and  in  healthy  individuals.  This  report  gave 
rise  to  extensive  trials  of  the  drug.  The  results  of  these  were  sum- 
marized by  Jendrassik  in  1891,  together  with  further  observations  and 
experiments  of  his  own.  His  previous  conclusions  concerning  the  best 
method  of  administration,  and  the  usefulness  of  calomel  in  cardiac 
dropsies  seem  to  have  been  generalljr  confirmed,  as  also  the  relative 
insufficiency  in  non-dropsical  heart  disease,  in  pleuritic  exudates  and 
in  normal  individuals.  It  seemed  to  be  slightly  diuretic  in  the  latter, 
but  the  action  can  never  compare  with  that  seen  in  cardiac  dropsies. 
It  was  often  found  effective  in  hepatic  ascites,  but  failed  frequently. 
It  gave  good  results  in  some  cases  of  nephritic  edema,  but  in  most 
instances  gave  no  result ;  it  seemed  impossible  to  predict  what  it 
would  do. 

The  theoretical  objections  to  the  use  of  so  powerful  a  renal  irritant 
as  mercury  in  nephritis,  was  early  emphasized,  especially  by  G>hn, 
1887,  and  supported  by  some  clinical  observations.  It  was  claimed 
that  there  is  a  very  marked  tendency  to  mercurial  symptoms,  and  that 
the  nephritis  is  often  made  worse.  The  greater  number  of  observers, 
however,  hold  the  opposite  view,  viz.,  that  calomel  does  not  render 
the  nephritis  worse,  whether  it  has  a  diuretic  action  or  not.  This  is 
defended  by  Jendrassik,  and  by  Heuck,  1889.  Schild,  1892,  reports 
3  cases,  in  which  he  claims  that  a  diuretic  effect  was  obtained,  together 
with  a  lessened  per  cent,  of  albumin ;  the  daily  output  of  proleid  being 
unchanged. 

Briefly,  it  seems  certain  that  the  doses  of  calomel  which  are  advo- 
cated have  never  produced  albuminuria  in  normal  individuals,  but  the 
4]utstion  of  their  effect  on  an  existing  nephritis  is  not  sufRciently  in- 
vestigated to  admit  of  a  decisive  answer.  Great  conservatism  in  its 
employment  is  therefore  indicated. 

The  mechaniim  of  this  calomel  diuresis  is  not  understood,  notwith- 
standing the  investigations  of  JendrSssik,  of  Cohnstein,  iSgz,  and  of 
Vejux-Tyrode  and  Nelson,  1903. 

Metallic  Aatringeats. — 

(A)  Memben.— Of  the  metallic  salts  the  most  actively  astringent 
is  lead  acetate;  but  this  cannot  be  used  internally,  nor  for 
any  length  of  time  externally,  on  account  of  the  danger  of 
chronic  poisoning.  Next  in  activity  comes  alum,  and  especially 
the  burnt  alum  (alum  which  has  been  roasted,  so  as  to  deprive  it  of 
its  water  of  crystallization,  and  which  therefore  acts  not  only  as  a 
metallic  astringent,  but  mechanically  by  withdrawing  water).  Next 
to  alum,  come  the  soluble  zinc  salts,  the  sulphate,  the  acetate,  and  the 
sulphocarbolate.  Then,  after  these,  insoluble  zinc  salts,  oxid  and  car- 
bonate. Of  other  insoluble  metallic  salts  the  subnitrate  of  bismuth  and 
the  oxalate  of  cerium  are  most  commonly  tised.  Then  come  the  caustic 
"alls  in  proper  dilution.  The  most  important  is  silver  nitrate.  Then 
the  iron  salts  in  dilute  solution;  iron  sulphate,  about  5%;  ferne 
chlorid,  about   3%. 

In  actual  use.  these  different  astringents  are  frequently  combined. 
Whether  this  has  any  advantage  is  somewhat  difficult  to  say.  Better 
results  could  perhaps  be  secured  by  using  only  one  astringent,  since 
its  action  could  be  much  more  exactly  controlled. 
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<B)  The  therapeutic  value  of  astringents  consists  in  less- 
ening of  the  phenomena  of  chronic  inflammation,  especially 
catarrh  of  mucous  membranes.  Since  their  own  action  is 
primarily  an  irritant  one,  they  are  apt  to  increase  acute  in- 
flammations, and  are  not  so  well  adapted  to  their  treatment. 

The  manner  of  action,  and  the  general  indications  of  astringents 
are  discussed  on  page  665;  the  styptic  action,  on  page  510. 

For  use  on  open  woutidi,  ulcers,  abscesses,  etc.,  for  the  astringency 
and  a  mild  nutritive  stimulation  leading  to  repair,  silver  nitrate  is  the 
most  useful.  Next  to  this,  the  soluble  zinc  salts ;  then  alum.  They 
are  used  in  strengths  of  from  ;^%  to  5%.  The  insoluble  astringents 
may  be  used  as  dusting-powders,  or  in  the  form  of  ointments  —  5% 
to  20%.  It  must  not  be  forgotten  that  absorption  is  fairly  free  from 
open  surfaces,  and  calomel,  bismuth,  lead,  etc.,  must  be  used  with 
caution.     Zinc  oxid  is  quite  safe,  and  is  one  of  the  most  useful. 

The  mucous  membranes  which  are  easily  accessible  to  the  local 
action  of  astringents  are  those  of  the  mouth,  conjunctiva,  nose,  genito- 
urinary tract,  and  rectum.  The  same  salts  as  in  the  case  of  open 
wounds  can  be  used,  as  also  tannin.  They  are  employed  in  some- 
what weaker  solution,  as  gargles,  washes  or  injections.  The  usual 
strength  is  from  ^  to  1%.  For  vagina  or  rectum,  double  this:  in  the 
conjunctiva  and  nose,  perhaps  one-fourth  of  this.  The  strength,  as 
with  all  local  medication,  must  be  adjusted  to  the  anatomic  peculiarities 
of  the  surface :  It  should  be  very  different  for  the  cornea  and  for 
the  plantar  surface  of  the  foot.  In  the  case  of  the  genito-urinaiy 
tract,  irritation  is  particularly  undesirable.  For  this  reason  non-irri- 
tant proteid  compounds  of  silver  have  become  popular  within  recent 
years — Nargol,  Protargol,  Argentamin. 

Astringents  cause  actual  constriction  of  the  mucous  membranes, 
and  may  in  this  way  bring  about  the  complete  disappearance  of  small 
polypi. 

In  the  alimentary  canal  the  astringents  are  useful  mainly 
in  lessening  the  reflexes  resulting  from  inflammation ;  i.  e., 
the  vomiting  and  diarrhea. 

Against  vomiting,  especially  when  caused  by  ulceration,  the  insoluble 
metallic  astringents,  especially  the  bismuth  subnitrate  and  the  oxalate 
of  cerium,  seem  to  be  the  most  useful.  These  act  not  only  in  virtue 
of  their  astringency.  but  also  somewhat  after  the  manner  of  inert 
dusting- powder,  affording  an  artificial  protective  covering  to  the  walls 
of  the  viscus  by  adhering  to  them.  Silver  nitrate  is  also  sc 
used  In  doses  of  about  1  centigram  iVb  grain),  dissolved  i 
and  given  three  times  a  day. 

Their  action  on  diarrhea  is  entirely  similar.  Bismuth  is 
again  preferred ;  silver  nitrate  is  often  very  useful  in  the 
summer  diarrhea  of  infants. 

Testable  Aitringents  (Tumini). — 

These  act  precisely  like  the  metallic  astringents ;  they  are 
somewhat  less  irritating  and  less  stimulating.     They  are 
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used  principally  against  diarrhea;  their  employment  dates 
back  at  least  to  the  fourth  century  B.  C. 

The  nature  of  these  tannins  has  already  been  discussed  on  page  21. 
Whilst  they  all  belong  to  the  aromatic  series  and  present  certain 
chemic  characters  in  common,  their  similarity  is  mainly  a  pharmaco- 
logic one,  resting  on  the  astringent  action.  This  is  connected  with  a 
remarkable  property  of  precipitating  very  many  classes  of  substances 
—  proteids,  connective  tissue,  gelatin,  as  also  many  alkaloids  and 
gtucosids. 

There  are,  however,  minor  differences  between  different  tannins, 
in  the  firmness  and  solubility  of  tbe  eschars  which  they  form.  These 
differences  may  eventually  prove  of  great  therapeutic  importance,  but 
have  at  present  been  too  little  worked  out  to  be  utilized. 

The  tannins  are  absorbed  to  but  a  very  small  amount,  which  is  ex- 
creted by  the  urine.  The  major  part  is  decomposed  before  absorp- 
tion, with  the  formation  of  a  series  of  decomposition  products,  amongst 
which  gallic  and  pyrogallic  acids  are  especially  prominent.  Neither 
of  these  is  astringent,  so  that  the  specific  action  of  tannin  is  a  purely 
lotal  one.  Even  the  trifle  of  tannin  which  escapes  decomposition  ex- 
ists in  the  blood  as  the  n  on -astringent  sodium  salt. 

The  cffecl  of  the  continued  adminiilratiott  of  small  amounts  of  tan- 
nin is  has  considerable  importance,  because  they  are  contained  in  a 
nuniber  of  beverages ;  as  tea  and  certain  wines.  A  mild  astringent 
anion  may  be  tonic  and  beneficial ;  but  larger  quantities  prove  actually 
irritant,  and  may  lead  to  gastro-enteritis. 

Even  small  amounts  of  tannin  interfere  somewhat  with  absorption. 
This  is  largely  due  to  their  precipitating  proteids.  But  these  com- 
binations are  again  decomposed  in  the  alkaline  intestine,  so  that  the 
interference  is  not  large. 

In  the  actual  experiments  of  Biberfeld  (1903)  on  the  absorption  of 
normal  saline  solution  from  a  Vella  fistula,  this  was  accelerated  by 
aoi%  of  tannin;  0,04%  had  no  effect;  0,1  to  1%  delayed  absorption. 

On  the  whole,  one  may  say  that  the  small  tjuantities  of  tannin  ordi- 
narily taken  with  the  food  and  drink  are  not  injurious;  but  that  large 
quantities  (excessive  tea  drinking)  are  certainly  deleterious.  The 
tannin  of  coffee  is  scarcely  astringent,  and  therefore  lacks  this  action. 

Therapeutic  Employment — The  ordhutry  tanmn  (obtained 
from  nutgall)  can  be  used,  in  solution,  on  catarrhal  mucous 
membranes,  but  is  too  irritant  to  be  applied  to  open  wounds. 
Its  disagreeable  taste  and  the  gastric  irritation  which  it 
produces  in  effective  doses  also  preclude  its  internal  admin- 
istration in  dianiiea.  To  be  useful  in  this  condition  it  must 
be  prevented  from  acting  until  it  reaches  the  intestine,  where 
it  should  produce  its  effects  slowly.  These  requirements 
are  fairly  well  met  by  the  galenic  preparations  of  drugs 
containing  tannin;  the  gums  and  resins  which  accompany 
it  in  these  drugs  serving  to  delay  its  action.  These  prepa- 
rations (especially  the  Tinctures  of  Gambir,  Kino  and  Kra- 
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meria,  in  doses  of  2  to  5  c.c.  ( J^  to  1  teaspoonful)  are  very 
efficient, 

Artiflcial  Tannin  Compounds. —  The  same  object  may  be 
attained  still  better  by  employing  certain  artificial  tannin 
compounds,  which  are  insoluble  in  water  and  dilute  acids, 
but  soluble  in  dilute  alkalies.  These  can  be  obtained  by 
combining  tannin  with  proteids  ( Tannalbin  is  an  exsiccated 
tannin-albumen  precipitate;  Tanocol  is  a  corresponding 
gelatin  precipitate);  with  hexamethylenetetramin  (Tanno- 
pin)  ;  or  by  transforming  it  into  acetyl-tannin  (Tanmgen). 
All  these  products  are  incompatible  with  alkalin.  They  are 
yellowish,  odorless  and  tasteless  powders.  Dose,  i  to  5  Gm. 
(15  *o  75  grains);  for  children,  0.3  to  i  Gm.  (5  to  15 
grains). 

Tannopin,  and  tannin- formaldehyde  (Tannoform)  can 
also  be  used  as  astringent  dusting  powders,  for  wounds  and 
in  hyperidrosis. 

Tlie  insolubility  of  tannin  compounds  has  been  utilized  in  securing 
a  more  prolonged  local  action  of  the  kaiioni.  It  will  be  remembered 
that  this  is  one  reason  for  the  more  lasting  local  effects  of  galenics  as 
compared  with  alkaloids.  It  has  been  suggested  to  prepare  such  com- 
binations artificially,  but  these  have  not  yet  received  an  extensive 
trial. 

MATERIA  MEDICA  OF  TANNINS. 

AcidufH  Tannicum  (U.  S.  P.,  h.  P.).— (Tannin.  Gallolannic  Acid. 
Digatlic  ^rid.)— HC,.H,0..  Prepared  from  nutgalls.  Soluble  tn  0..14 
part  water,  1  part  glycerin,  0.23  part  alcohol.  Almost  insoluble  in 
ether  or  chloroform.  Dose:  0.06  to  1.2  Gm.  (i  to  20  grains)  (0.5  Gm. 
=  7'A  grs.  U.S.P,).' 
Preparations: 

Collodium  Slyl<iicum    (U.  S.  P.).— (20%.) 

Trockisci  Acidt   Tanniei.—V.  S.  P..  each  006  Gm,    (=  I  grain) 

Tannin;  B.  P..  each  0.03  Gm,   (=  !^  grain)   Tannin. 
Vngiuntum   Acidi   Tannic!   (U.  S.  P.).— 20%  in   Benz.   Lard. 
Glycerilam  Acidi  Tannica  (U.  S.  P..  B.P.),— 20%. 
Sup/iosiloria  Acidi  Tannici  (B,  P.). —  Each  0,2  Gm,   {3  grains) 
of  Tannin, 
Tbe  tannin  compounds  are  discussed   sufficiently  in   the  text, 
Acidum  GalUcum    (U,    S.    P,,    B,    P.).— Gallic  Acid,— C,H,<OH). 
CO,H  +  H.O. 

Occurs  in  many  plants,  usually  with  tannic  acid.  Prepared  by  boiling 
tannin  with  dilute  acids.  It  does  not  precipitate  alkaloids,  albumin,  or 
glue.  Sol.  in  8j.7  water,  4  14  ale,  12  glyc.  Dose:  o.i  to  i.o  Gm.  (2  to 
ts  grain.;)  (i  Gm.  =  15  grs.,U,  S,P.).  Externally  as  astringent  {1%), 
but  acts  weaker  than  tannin. 

Crude  Drugs  Containing  Tannin. —  These  are  very  numerous,  and 
many  might  well  be  dispensed  with.    It  will  suffice  for  the  student  to 
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cmember  the  following  preparations:     Tinct.  Gambir  Comp. ;  Tinct. 
Cramerue;   Tinct.   Kino;  Ext.   Hiematoxyii. 

The   following  list   is  arranged   alphabetically.     (Only   the  average 
(L'.  S.  P.)  doses  are  given.) 

Catechu  (B.  P.).— Cutch  —  Extract  of  leaves  and  shoots  of  Vncaria 
jombier.    India.    45%  catechu  tannin. 

Tittctura    VA   to    1  3)  ;    Trochttcut    (l   gr.) ;  Puh.    Catechu   Co. 
(10  to  40  grs). 
In   the  U.  S.  P.  Catechu  has  been  replaced  by  Combir. 
*  Coto. —  Bark   of    unknown    plant.    Bolivia.    Cotoin,    resin.    Dost: 
0.06  to  a6  Gm.   (1  to   10  grs.). 

Cotoin. —  Glucosid,  said  to  be  specific  in  cholera  I  also  to  check 
night-sweats  in  phthisis.    0.06  to  o.ia  Gm.  (i  to  2  grs.). 
Eucalypti  Gummi  (B.  P.). —  Red  Gum. —  Gum  from  Eucalyptus  spe-, 
cies,    Myrtaceje.      Australia.      Kinotannic    Acid,    Catechin,    and    Pyro- 
catechin.     Trochiscus   (1   gr.). 

Galla    (U.  S.  P..    B.  P.).— Wufga/^— Excrescence  on   leaves   of   the 
oak  QuercuB  infectoria,  caused  by  the  wasp  Cynips  tinctoria.    Levant 
50  to  60%  tannin,  2  to  5%  gallic  acid.    0.5  Gm.  ^7J4  grs. 
Tinctura    (U.  S.  P.).— 20%.     4c.c.  =  i3. 
Unguentum   (U.  S.  P.,  B.  P.).— 20%. 
Ung  Gallm  cum  Opio  (B.  P.).— 7/j%  opium. 
Gajubir    (U.  S.  P.). —  Extract   pr^ared    from    leaves   and    twtgs  of 
Ourouparia   Gambir    (Rubiacex).    Catechu-tannic   acid    (33  to  47%), 
catechin,  etc.    i  Gm.^15  grs.    Takes  the  place  of  Catechu. 

Tinctura    Gambir    Comp.    (U.S.  P.).— 5%    Gambir,    3%    Cinna- 

Trochisci  Gambir  (U.  S.  P.).— 0.06  Gm.  =  i  gr. 
Geranium    (U.  S.   P.)   —  Cranesbill.  —  Rhizome   of    G.    maculatum 
(Geraniacez).     N.  America.     12  to  17%  tannin. 

Fluidexir.  Geran.  (U.  S.  P.).— i  c.  e.  =  15  m. 
Hirmatoxylon    (U.  S.  P.)     [Hamatoxyli    Lignum,    B.  P.).— Logwood. 
Heartwood    of    H.     campecnianum,    Leguminosi.    Central    America. 
12%  Hematoxylin. 

Exfr.    Hamatoxyli    (U.  S.  P.). —    Watery   decoction,    evaporated 
to  dryness,     i  Gm.  =  i5  grs. 
Hamamelidis  Folia   (U.  S.  P..  B.  P.).— Witchhazel.— Leaves  of  Ha- 
mamelis    virginiana,    Hamamilidi,    acese.     N.    America.     Collected    in 
autumn.    8%   tannin   (Straub,  iSgip). 

Fldexir.  Hamam.  Foliorum  (U.S.P.,  B.P.).— 2  e.c.  =  30  n,. 
Liquor.   Tinctura,   Unguenlum    (B.  P.). 
Hamameiidis    Cortex    (U.  S.  P.). —  The   bark    and    twigs.     2   Gm.^ 
30  grs. 

Aqua  Hamamelidis  (U.  S.  P. )  .—Watery  distillate,  to  which  is% 
of  alcohol  is  added.     Vulnerary.     (No  tannin.)     8  c.c.^  25. 
Ki»o   (U.  S.  P.,  B.  P.).— Inspissated  juice  of  Plerocarpus  Marsupi- 
"m.  Legtmiinosx.    India.    75%  KJnotannic  acid. 

Tinctura  Kino   (U.  S.  P.,  B.P.V— 4  c.c.  =  i3. 
Pulv.  Kino  Comp.   (B.  P.).— 5%  opium.     5  to  30  grs. 
Krameria  (U.  S.  P.)   [Krameria  Radix,  B.  P.].— Rhatany.— The  root 
"f  K.  triandra  (Peruvian  K.),  K.  Ixina  (Savonilla  K.),  or  K.  argentea 
iPara  or  Brazilian  K.),  Krameriaceae.    S.  America.    ao%  Krameria- 
iJimic  acid. 

Extraetum  K.  (U.  S.  P.,  B.  P.).— Dried  watery  extract.    0.5  Gm, 

=  T/i  grs. 
Fluidexir.  K.   (U.  S.  P.).— i  c.c.  =  is  Ttl. 
Tinel.  K.    (U.SP.,  B.P.).— 30%.    4  c.c.  =  i3. 

'N'ot   oRkuI. 
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Syrufut  K.   (U.  S.  P.).— 45%  of  fldext.    4  c.c.  =  i3. 
Liq.  K.  Concent.  (B.  P.).— 'A  to  i3. 
I»fus.  K.  (B.  P.).—'/,  to  15. 
Trockisci  K.   (U.S.  P.,  B.  P.).— 0.06  Gni.=  i  gr. 
Trochisci  K.  el  Cocaitur   (B.  P.).— '/■  gr.  cocain. 
Quercus    {V.  S.P.).~lVhite    Oak.     Bark    of    Qu.    alba,    Cupilifersc 
N.  America.    6  to  11%  quereitannic  acid,     i  Gm.  ^15  grs. 
Fluidextraclum   Quercus   (U.S.P.).~i   c.c.  =  is   iq.. 
Rhus  Glabra  (U.  S.  P.).— 5»intocA.— Dried  fniil.    N.  America.    6  to 
37%  tannic  acid,  malates.     i  Gm.  =  is  grs. 

Fluidextr,   Rhois  Glabra    (U.S.P.).— 1   c.c.  =  I5  111.. 
Rubus    {U.S.  P.). —  Blackberry. —  Bark  of   rhizome  of  R.   vUlosus, 
tti^robaecus  or  cuneifolius,  Rosacese.    N.  America.     10  to  13%  tannic 

Fluidextr.  R.  (U.S.  P.).— i  c.c.  =  is  in.. 

Syruptu  R.    (U.  S.  P.).— 25%  of  fldext.     4  c.c.  =  i3. 
The  following  plants,  which  are  used  in  popular  nudicine,  ma;  be 
classed  amongst  the  astringents,  although  many  of  them  contain  other 
principles : 

Aegle  Mamelos  —  Bad  Fruit  Kalmia  —  Mountain  Laurel 

Carya  —  Hickory.  PotentiIJa  —  Ctnquefoil. 

Castanea  —  Chestnut  Rumex    (especially   crispus) — Yd- 

Comus  —  Dogwood,  low  Dock. 

Corylus  —  Hazelnut.  Thea  —  Tea. 

Heuchera  —  Alum  Weed.  Vaccinia  —  Cranberry. 

Juglans  — Walnut  and  Butternut.    Viola — Pan^. 

{O  SPECIAL  USES  OF  ASTRINGENTS. 

ANTIDIARRH(EICA : 

f.   c.   Medicines   used   to   lessen  peristalsis.     The  indications   for   these 

are  to  check  diarrhea,  in  peritonitis,  and  after  abdominal  operations. 

Diarrhea  is  due  to  inHantmatory  irritation,  the  result  of  faulty 
digestion,  drugs,  or  bacteria  (except  in  the  case  of  a  few  poiiont 
which  stimulate  the  nerves  or  muscles  directly). 

The  etiology  therefore  indicates  treatment  by:  (i)  Removal  of  the 
irritant  agent  by  purging.  (2)  Limitation  of  the  production  of  the 
irritant  agent  by  antiseptics  and  by  reduction'  of  diet  (to  starchy 
food).  (3)  Neutralization  of  the  agent  (in  cases  of  acid  formation, 
by  alkalies) :  Chalk,  Calcium  phosphate.  Lime-water.  Charcoal  ts 
often  very  efficient. 

The  peristalsis  itself  may  be  diminished  by : 

1.  Heat,  in  the  form  of  hot  drinks  or  hot  applications  to  the 

abdomen. 

2.  Astringents. 

3.  Drugs-  acting  upon  nerves ;    Opium  or  Belladonna. 

The  diarrhea   often   results   in  considerable  weakening   of  the  patient, 
to  be  counteracted  by  reflex  stimulants,  as  camphor,  alcohols,  etc. 

The  principal  Astringents  which  are  useful  in  this  connection  are; 
Vegetable :  Mineral : 

Gambir  Rhatany   Bismuth  sub  nitrate  Aluminum  hydrate  (l  (Sm.). 

Kino  Tea  "  subgallate  

Hsematoxylon    Claret      ZincOxid.o.i  Alum  enema,  1%. 

Coto  Tannin     Silver  Nitrate  (Pills),  o.oi 

These  are  frequently  usefully  combined,  as  in  the: 

Mistura  Contra  Diarrhaam  (N.F.). — (Sun  Cholera  Mixture.) — Equal 

llatcria  Medica  Loua  7. 
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parts  of  Tincture  of  Opium,  Capsicum,  Rhubarb,  Camphor,  Pepper- 
mint. Dose,  to  one  teaspoonful.  Or:  Tr.  Opium,  Tr.  Catechu,  Tr. 
Rhubarb,  Sp.  Peppermint,  Bismuth  subnitrate,  etc. 

ASTRINGENT  STY  PICS. 

All  the  metallic  salts,  the  irritant  as  well  as  the  astringent,  and  also 
the  vegetable  astringents,  act  as  local  atyptlcs;  t,  e.,  lessen  local  hem- 
orrhage. They  do  so  mainly  by  the  formation  of  precipitates  which 
occlude  the  lumen  of  the  small  vessels,  just  as  it  is  occluded  ordinarily 
by  fibrin.  (Whilst  the  majority  lessen  the  formation  of  fibrin,  this  is 
offset  by  the  precipitation.)  Besides  this  precipitation,  they  also 
act  by  iniuring  the  vessel  walls  in  such  a  wa^  as  to  produce  throm- 
bosis.   This  is  claimed  especially'  for  linc  chlorid. 

It  is  scarcely  needful  to  mention  that  astringents  will  act  only  at  the 
place  to  which  they  are  applied.  It  is  necessary  that  they  come  into 
acttialcontact  with  the  bleeding  vessels.  They  cannot  act  through  a  large 
clot  of  blood,  and  if  such  exists,  it  must  first  be  removed.  At  one  time 
they  were  used  internaily  with  the  idea  of  prodiKing  astringent  action 
in  remote  places;  iron  was  given  by  the  mouth  to  cbedc  bleeding 
in  the  uterus.  This  was  entirely  irrational.  Their  action  cannot  even 
extend  beyond  the  stomach,  since  they  are  precipitated  or  decomposed 
in  the  intestine. 

_  The  indications  for  the  use  of  styptics  are  to  lessen  bleeding,  espe- 
cially capillary  oozing.  They  are  sometimes  injected  into  hemorrhoids, 
and  have  even  been  injected  into  aneurysms.  Their  injection  into 
la^r  vessels  is  dangerous^  as  it  may  produce  embolism. 

The  most  useful  of  the  metallic  styptics  are  the  iron  salts,  especially 
the  ferric  chlorid  and  ferric  sulphate.  The  ferric  chlorid  is  used  either 
as  the  solution,  or  tincture,  quite  largely  diluted  with  water.  Cotton 
may  be  steeped  in  thisv  forming  "  styptic  cotton."  *  Next  comes  alum, 
esTCcially  the  burnt  alum.     Then  the  tannins  in  anj;  form. 

Besides  these,  any  substance  which  gives  a  precipitate  with  proteids 
will  act  as  a  styptic  in  the  same  manner ;  e.  §.,  dilute  acids  in  concen- 
trations which  need  not  be  at  all  caustic  (vmegar  and  lemon  juice). 
Suite  a  number  of  purely  mechanical  measures  favor  the  formation  of 
ot;  for  instance,  ordinary  cotton  or  Pengawhar  Djambe  (this  also 
contains  tannin).  Cobwebs  also  form  a  popular  and  very  effective 
measure  for  producing  the  same  result,  but  are  unfortunately  very 
septic.  One  may  obtain  the  same  effect  by  fine  powders  which  have  a 
strong  attraction  for  water.  In  case  of  emergency  powdered  or  granu- 
lated sugar  is  a  good  styptic,  and  at  the  same  time  antiseptic.  Other 
styptic  measures  are  position,  raising  the  limb  and  keeping  it  quiet  so 
as  to  reduce  the  local  congestion ;  local  pressure ;  depression  of  the 
vasomotor  center  by  narcotics :  direct  constriction  of  the  vessels  by 
the  application  of  cold,  or  by  drugs,  such  as  cocain,  suprarenal  extract, 
hydrastinin,  etc. 

Sweating  Fteti  Besides  hygienic  treatment,  the  conditions  are  met 
bj: 

I.  Adds  (see  p.  677). 

A  Attringents:  Silver  nitrate  10%,  painted  on  repeatedly  until  the 
skin   is  partly  destroyed.     Other  astringents,   I   to 
S%   solution.  Tannoform. 
3.  Anliteplics:    Boric  acid   (saturated  solution). 
Potass.  Permanganate   (1:1000). 
Salicylic  acid  10:90  Talcum  or  Zinc  Oxtd. 

[erric  chlorid-intipyrin  componad.  U  cUimed  to  bt  lesi  irritant, 
o  10%  Mlution  in  w*(ei. 
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TABLE  XIV.    STRENGTH  OF  MOST  USEFUL  SOLUTIONS  OF 
ASTRINGENTS    AND    ANTISEPTICS.' 

Touching  r»th=  (f:« 

ULcras.  Gar-  Ukethbal  In-  ^'b.™  .JL 
CLES  Recta,  jettions  and  ^g^'^^ 
AND  Vaginal     Eye-washes.  rTt  ,  ^ 

Injections.  ^'*'-^- 

Neutral  Sails: 
SodiiChloridum  i  %  0.9%  4  Kg. 

Alkaliei: 
Sodii  Bicarboti. 

Sodii  Carbonas.         0.2  to  1%  a2%  100  Cm. 

Potassii    Car-  100  Gm. 

bonas 100  Gm. 

Sulphids: 
Pot.  sulphurat.  SotoisoGm. 

Acids  (Mineral)  0.5%  0.5%  30c*.  (loz.) 

Haloidt: 

lodin  0.1101% 

Metallic  Salts: 

Zinc      Sulphate 

or  Phenol  sul- 

phonate i.5toi%  0.2to*X4% 

Mercuric  Chlo- 

rid    o.ostoo.i%  0.025% 

Liq.     Plumb! 

Subaeet.  DiL    Full  strength.      Full  strcnirth. 
Silver  nitrate. .        o.s  to  5%  0.2  to  o.s'St 

Tr.  Ferri  Chlo- 

ridi  10%  (ofTr.) 

Alumen       and 

Alum.  Salts..         ito3%  0.25% 

Cupric  Sulphate  1%  0.5% 

Lead  Acetate..  1%  0.5% 

Tannins: 
Tannic  Acid...         1103%  0.5102% 

Miscellaneous: 
Boric   Acid,  or 

Borax   4%  (sat'd)        2%(!4sai'd) 

IW)i   ^to'/^ot  Aqua.     'A  of  Aqua. 

Pot.      Pernian- 

gan I  to  2%  0.4% 

Qycerin  ao%  10% 

Phenol    1%  0.2% 

Thymol,  Essen- 
tial Oils Saturated.  Saturated. 

Watery.  Watery. 

Alkaloids: 

Morphin   0,2% 

Hydraslinin  ...  ai% 

Most   Alkaloids 
for  Eye o,5toi% 

Baths:  Usually  taken  in  the  evening'  before  going  to  bed.    Metal-lined 
tubs  must  be  avoided  for  medicated  teths. 
'<i5b  — S  gr>ini  per  ounce.)    When  kvct*!  »re  combined,  ihi  do»e  of  each 
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tack  the  teeth,  so  that  they  cannot  be  employed  for  a  long  time. 
Urtlhrai  Injections:  Always  have  the  patient  urinate  just  before  in- 
jecting, to  remove  bacteria.  Let  injection  remain  at  least  one 
minute,  then  let  flow  out,  but  patient  should  not  micturate  im- 
mediately after. 

THERAPEUTICS  OF  CAUTERIZATION, 

Cauterization  —  the  destruction  of  tissue  — is  sometimes  employed 
for  severe  counter-irritation,  but  particularly  to  remove  tissue:  (1)  In 
cases  of  poisoning,  snake-bite,  etc. ;  (2)  for  the  removal  of  pathologic 
tissues,  tumors,  warts,  etc.;  (3)  indolent  granulations,  etc.;  (4)  to 
cause  cicatricial  contraction  of  hypertrophied  mucous  membranes  (nose, 
etc.) ;  is)  for  removing  the  nerves  of  teeth ;  and  (6)  to  remove  super- 
Buous  hair. 

In  very  many  cases  the  chemic  cautery  has  been  replaced 
by  galvano-  and  thennocautery,  which  are  more  prompt 
and  permit  a  more  exact  limitation  of  the  cauterized  area. 
On  the  other  hand,  the  slower  effect  of  chemic  caustics  is 
of  advantage  in  permitting  a  graduation  in  the  strength  of 
the  action,  or  in  confining  it  to  certain  tissue  elements. 
Pathologic  formations,  being  less  staple,  are  in  this  way 
more  profoundly  altered  than  normal  tissue. 

The  caustics  may  be  applied  in  solid  form  (sticks,  or 
fused  at  the  end  of  a  probe),  in  paste,  or  in  solution  —  the 
first  being  the  most  strictly  localizable,  the  last  the  most 
diffuse.  In  the  latter  case,  or  when  the  eschar  liquefies,  the 
surrounding  tissue  should  be  protected  by  court-plaster. 

TABLE  OF   MOST    IMPORTANT    CHEMIC    CAUTERIZANTS, 
AND  THEIR  USES.' 

Acidum  Nitricum:    On  glass  rod.    Warts  and  local  tubercles. 
Acidum  Chromicum:     Fused  on  probe  (4). 
.\cidum  Lacticum :     On   Cotton.     Tuberculous  tissue, 
Acidum  Trichloraceticum :    On  Cotton  (2).    Warts. 
Acidum  Carbolicum;    Destruction  of  infected  tissues. 
Potassa :    Stick. 
Calx:    Paste  (6). 
Potassa  cum  Calce:     Paste. 
Soda:    Stick. 

Argenti  Nitras:    Stick  (4,  3). 
Zind  Chloridum;     Solution  (3). 

Cupri  Sulphas;     Crystal.    Ulcers  of  conjunctiva,  larynx,  etc 
Hydrareyri  Bichloridum         1      L„,,i-  ,:,,,,- 
liquor  Hydrargyri   Nitratis  \      ^"^'"^  "*="* 

Acidum  Arsenosum:    Dental  nerve.    (2.5  mg.— '/»  grain  — in  cavity, 
guarded  by  cotton,) 
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CHAPTER  XXIX. 

IRRITANTS   (Continued).— ORGANIC  AND 
PHYSICAL  IRRITANTS. 

Any  substance  which  is  volatile  will  penetrate  cells  in  virtue  of  this 
property.  Not  being  a  norma]  constituent  of  protoplasm,  it  will  act 
as  a  "molecular  foreign  body,"  and  cause  irritation,  just  as  gross  for- 
eign bodies  cause  irritation  when  introduced  into  the  organism.  Their 
action  may  therefore  be  looked  upon  as  physical,  and  as  connected  with 
their  volatility. 

Many  volatile  irritants   have  already  been  studied,  and   it  is  only 
necessary  to  review  them  by  name.    Their  main  action  is  the  same  as 
that  which  will  be  studied  more  in  detail  below. 
Volatile  Irritants; 

I.  Fally  Seriei:  Alcohol,  Ether,  Chloroform,  Petroleum,  etc 
3.  Aromatic  Series:  Benzol,  Phenol,  the  Aromatic  Acids,  etc. 
3.  Volatile  Acids   (Acetic,  Formic,  etc.)   and  Volatile  Alkalies 

(Ammonia), 
4-  "  Organic   Volatile  Irritants," 
The  organic  volatile  irritants  may  be  divided  into  two  groups : 

I,  Those  acting  only  in  virtue  of  their  volatility  —  represented  by 

Turpentine. 
3.  Those  having  a  specific  jetton  — represented  by  Mustard 

VOLATILE  OILS  (TURPENTINE  GROUP). 

Introdnotion, —  This  group  comprises  the  majority  of  vol- 
atile oils  (see  page  23)  and  their  stereoptenes.  and  may 
also  be  made  to  include  the  balms  and  resins  which  contain 
volatile  oils. 

These  oils  belong  chemically  to  the  aromatic  series,  and 
resemble  the  phenols  and  camphor  in  their  systemic  actions. 
They  are  also  rather  weakly  antiseptic.  As  they  are  com- 
monly used,  the  local  actions  alone  come  into  play.  Since 
they  do  not  unite  chemically  with  protoplasm,  whilst  they 
penetrate  quickly  and  deeply  in  virtue  of  their  volatility, 
they  combine  a  maximum  of  sensory  irritation  with  a  mini- 
mum of  tissue  destruction  —  the  latter  can  only  occur  in 
the  severest  grades  of  action,  as  inflammatory  necrosis. 
They  are  therefore  especially  useful  for  counter-irritation. 
The  sensory  stimulation  is  followed  by  local  anesthesia. 
The  stimulation  of  certain  sensory  nerves  is  somewhat  spe- 
cific: most  of  the  volatile  oils  have  peculiar,  characteristic 
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odors,  which  determines  their  use  as  Havors  (see  Chap. 
VI  B).  Menthol  stimulates  the  cold-nerves  in  a  peculiar 
manner.  After  their  absorption,  they  irritate  the  kidneys, 
and  produce  diuresis.  The  volatile  oils  differ  sufficiently  in 
the  details  of  their  local  actions  to  make  a  therapeutic 
grouping  desirable.  It  should  be  remembered,  however, 
that  the  differences  are  merely  quantitative. 

The  value  of  essential  oils  (particularly  those  enumerated  as  urinary 
antiseptics)  in  chronic  inflammatfons  of  all  sorts  has  been  abundantly 
proved  by  clinical  observations  and  laboratory  experiments.  They  are 
much  less  useful  in  acute  inflammatory  conditions.  Their  action  is 
partly  explained  by  their  aseptic  and  irritant  qualities.  But  the  fact 
that  they  also  lessen  aseptic  inflammations  at  points  remote  from  the 
site  of  their  application,  i.  e.,  through  the  blood,  shows  that  there  is 
somewhat  specific  in  their  action.  They  effect  this  tesult  by  lessening 
the  formation  of  exsudates  and  by  hastening  their  absorption.    The  ex- 

Jlanation  probably  lies  in  a  chemotaxis,  an  attraction  for  leucocytes. 
n  this  way  they  withdraw  these  cells  from  the  inflamed  area  into  the 
Wood.    (Wintemiti,  1901). 

Syrtenk  Actions  of  Volatile  <Mls.— The  principal  central  effects 
of  volatile  oils  are  reflex.  With  the  ordinary  doses,  no  direct  action 
whatever  can  be  observed.  When  they  are  injected  intravenously,  how- 
ever, they  act  on  the  nervous  centers,  especially  the  brain  and  medulla. 
These  are  first  stimulated,  then  depressed.  The  details  have  been  but 
imperfectly  worked  out,  and  have  little  practical  importance.  The  de- 
grse  of  stimulation  varies  for  the  different  oils.  Turpentine  has  scarce- 
ly any  effect,  whilst  absinthe  produces  violent  epileptic  convulsions, 
mainljr  of  cerebral  origin.  The  depression  is  more  uniform :  The 
majority  (valerian,  fennel,  chamomile,  eucalyptus,  mint,  rosemary,  tur- 
pentine) diminish  the  reflex  excitability,  so  that  large  doses  will  en- 
tirely prevent  strychnin  convulsions  in  rabbits.  The  effective  doses 
are,  however,  entirely  too  large  to  make  it  possible  to  employ  this  ac- 
tion in  man. 

According  to  d'Ormea  (1903),  the  intravenous  injection  of  volatile 
oils  causes  a  peculiar  dilation  of  the  cerebral  vessels,  the  volume  of 
the  brain  increases,  whilst  the  pressure  in  the  circle  of  Willis  falls. 
This  effect  is  strongest  with  absinthe,  weak  with  anise  or  lemon.  Cam- 
phor has  a  similar  effect.  The  general  blood-pressure  also  falls  in 
inasi  cases,  but  quite  independently  of  the  changes  in  the  cerebral  cir- 
cnlaiion. 

If  volatile  oils  are  Injected  hypodermlcallj',  they  produce  at  first  the 
reflex  action,  and  in  a  more  marked  degree  uian  when  they  are  applied 
to  the  sorface  of  the  skin.  Later  their  systemic,  and  still  later  the  renal, 
actions  take  place. 

Olfactory  Sttmulanta. 

Odorous  substances  produce  pronounced  reflex  effects.  Pungent  and 
aromatic  drugs  cause  in  this  way  a  prompt  medullary  stimulation, 
creasing  the  respiration  and  blood-pressure,  and  slowmg  the  pulse; 
uiey  are  especially  useful  in  fainting.  They  are  employed  by  inhala- 
tion. * Aeelum  Aromalicvm  (N.F.),  'Tinclura  Aromatica  (N.F.)  and 
TinthiTa  Lavandula  Composita  (U.S.P.,  B.P.)  are  useful  mixtures  for 
this  purpose.  (They  are  also  employed  for  sponging  the  skin  in  fever, 
producing  a  grateful  refrigeration.)  The  inhalation  of  other  volatile 
substances  may  be  substituted,  such  as  ammonium  carbonate  (in  the 
form  of  smelling-salt),  ether  (as  Spiritus  Aetheris),  etc. 
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Substances  which  produce  sneezing  (sternutatoria  or  errhints)  act 
in  a  similar  manner,  but  have  rather  passed  out  of  fashion.     They  are 
sometimes  also  useful  as  local  counlerirritanls  in  nasal  catarrh. 
Amongst  ihese  may  be  mentioned : 

Tobacco  SnulT.  Soap-bark  or  other  Saponins 

Veratrin  1:1000  Starch.  Pepper. 

Ipecac.  Euphorbiutn,  etc. 

Hysteric  Sedatives. 

Asafetida,  valerian,  and  some  other  allied  drugs,  have  been  found 
empirically  to  possess  a  remarkable  sedative  effect  in  hysteria.  The 
existence  of  this  action  can  scarcely  be  doubted,  although  it  cannot  be 
eJtplained.  Valerian,  which  has  been  investigated  most  thoroughly 
(Pouchet  and  Chevalier,  Kionka,  ig04)  causes  the  usual  effects  of 
volatile  oils,  when  it  is  injected ;  in  small  doses  psychic  exaltation  and 
rise  ol  blood  pressure  form  cardiac  and  vasomotor  stimulation;  in 
larger  doses,  central  sensory  and  motor  depression.  It  is  very  doubt- 
ful, however,  whether  these  systemic  effects  can  be  elicited  by  the 


MATERIA  MEDICA  OF  A NTI HYSTERICS. 

Valeriana  (U.S.P.)  [Valeriana  Radix.  (B.P.)].— Valerian.— Rhi- 
zome and  roots  of  Valeriana  ofKcinalis ;  Valeriancex.  Europe  and 
Northern  Asia;  cultivated. 

Conitituenli :  '/]  to  2%  volatile  oil.  Valerianic  and  other  organic 
acids ;  Tannin  and  Resins. 

The  oil  consists  of  esters  of  valerianic  acid,  especially'  with  bomeol. 
These  are  the  bearers  of  the  action ;  free  valerianic  acid  and  its  salts 
being  quite  ineffective.  The  fresh  root  is  also  inelTeclive.  the  esters 
beinc  formed  only  during  drying,  by  the  action  of  oxidases  (Kochnunn, 
1904).  The  juice  of  the  fresh  plant  also  produces  different  effects  from 
the  dried  valerian  (Pouchet  and  Chevalier,  1905).  The  esters  again 
deteriorate  by  oxidation  on  keeping.  Kionka  (igoz)  has  recommended 
the  artificial  dielhylamid  ester  of  valerianic  acid  as  a  relatively  stable 
substitute. 
Preparation! : 

Fluidextr.    Valeriana    (XJ.S.P.).— Three-fourths    alcohol.    2    c.  c.  = 

30  m. 

Title/.  Vakr.  (U.S.P,).— 20%,    4  c.c.  =  i5. 

Tinct.  Valeriana  Ammoniata  (U.S.P,).— 30%,  with  Arom.  Sp.  Am- 
mon.    2  cc.  =  30Ttl  (diluted). 

Tinct.  Val  Amman.   (B.P.).- W  to  I  3. 

*  Valyl  (Dielhylamid  of  valerianic  acid),  a  colorless  liquid  of  peculiar 
odor  and  burning  taste:  is  marketed  as  capsules  containing  o.izj  Gm. 
(2  grains).  It  is  recommended  as  a  substitute  for  valerianic  acid,  one 
to  three  capsittes  being  the  dose. ' 

Valerates  {Valerianates):  Of  very  little  value.  Given  in  doies  of 
0.06  to  I  Gm.  (1  to  1^  grs.),  generally  in  capsules.  They  are  colorless 
crystals  of  a  valerianic  odor. 
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AmmoHu  Vaieras  (U.S.P.).— NH-OH.O*— Very  sol.  in  water  or 
ak.    O.S  Gm,  =  7^  grs. 

ZiHCt  Valertu  (U.S.P.,  B.P.).— Zn(C,H,0,), +  3Hrf).  Sol.  in  50 
water,  35  ale.    0.125  Gm.=2  grs. 

*Ac.  ro/erionicum.— HC.HiOj.    Sol.  in  30  water,  readily  in  ale. 

Asafstida  (U.S.P.)  [Aiafelida.  B.P.].— A  gum-resin  from  the  root 
of  Ferula  fcetida,  Umbelliferfc.  Turkestan  and  Afghanistan.  (Also 
oscd  as  carminative.)     0.25  Gm.  =4  grs. 

Constiluents :  3  to  9%  Volatile  oil ;  20  tc 
(The  alcoholic  preparations  yield  turbid  n 

Prefaratioiu: 
U.S.P.: 

Tinclura.— 10%. 

Emulsum. — 4%. 
lure.) 

Pil. —  Each  =  o.2  Gm.^3  grs.    Dose:    Two. 

B.P.: 

Tittct.,  Vi  to  i5:  Pil.  Atoes  et  Asaf.,  4  to  8  grs. ;  Pit.  Galbani  Camp.. 
4  to  8  grs. ;  Spir.  Ammonia  Felidvi,  20  10  40  ni. 

Smimul.—  Matk-Rool.— Rhizome  and  rooi  of  undetermined  plant 
(generally  supposed  to  be  Ferula  Sumbul,  Umbelliferac,  Central  Asia). 
2  Gm.  =30  grs. 

Constituents:    Volatile  Oil.   Resins,  Valerianic  and  other  acids. 

Extracfiim  Sumhul  (U.S. P.), —  Fluid  ext.  evaporated  to  ptlular  con- 
sistence.   0.35  Gm.  =4  grs. 

FIttidtxtractum  Sumbut  (U.S.?.).— Three-fourths  alcohol.  2  c.c.= 
30  "l- 

Tinelura  Sitmbnl  (B.P.),—  10%,  Two-thirds  alcohol.  Dose:  4  to  15 
c.c.  (1  to  4  drachms). 

MoKhiu  (U.S.?.,  B.P.),— Musk  (see  p.  108).  This  substance  is 
ordinarily  employed  as  an  ingredient  of  perfumes.  Its  physiologic 
action  has  been  but  little  studied.  It  has  been  recommended  in  hys- 
ttria,  and  had  at  one  time  considerable  reputation  as  a  restorative  in 
collapse  (5  c.c.  of  the  tincture).    It  has  fallen  into  disrepute. 

' &ymploc»rpua,—  (Skunk-eabbagc.)  Root  of  Symplocarpus  ftetidus, 
Armideat.     North  America.     Dose:  0,3  to  1  Cm. 

*  Ctttrim.— (Catnip.)  The  herb  of  the  Nepeta  Cataria,  I-abiatae. 
north  America.  Volatile  oil.  Dose:  t  to  4  Gm.  (]4  to  1  drachm) 
as  infusion.  The  odor  of  the  herb  produces  remarkable  excilement  in 
cats. 

Oleam  Erigerontla  (U.S.P.),— The  volatile  oil  from  the  herb  Erig- 
eron  Canadense  (fleabane)  ;  Composita.  North  America.  Dose:  1  c.c. 
=  15"^.. 

VobtUc  OIU  Uied  Mainly  for  CounterirriUtlon. 

When  applied  to  the  skin,  the  irritant  action  of  these  oils  is  mainly 
sensory  and  vascular,  progressing  only  to  rubefaction.  They  form 
valuable  ingredients  of  liniments  for  inflammatory  swellings  (hence 
vulneraries)  and  muscular  pains  (Witchhazel,  Arnica)  ;  for  chronic 
riieumatism   (Turpentine)  ;  etc. 

ItUterU  JHedlca  of  Rubefacient  Oila. 

Adminitfration. —  As  rubefacients,  the  oils  are  diluted  with  3  to  10 
volumes  of  alcohol  or  a  fatty  oil.  Their  dose  internally  is  0.05  to  0.3 
c.c  (i  to  5  minims).    They  are  incompatible  with   water. 
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Oleum  Terebimhina  fU.S.P.,  B.V.').— {Spirits  of  Turfientine.)  A 
volatile  oil  {a  mixture  01  several  isomeric  hydrocarbons  of  the  formula 
CitHit)  obtained  by  diatiltation  from  Turpentine.' 

Turpentine  Oil  is  insoluble  in  water,  soluble  in  3  volumes  of  alcohol, 
and  in  all  proportions  of  oils. 

It  is  employed  exlemally  in  liniments. 

It  is  used  as  a  spray  and  in  vapor  in  bronchitis  (teaspoonful  to  table- 
spoonful  for  pint  of  hot  water).  Stupes  and  Enemata  are  useful  in 
the  meteorism  of  typhoid  fever. 

It  is  also  sometimes  taken  internally  against  re^iratory  and  uriitary 
diseases,  but  had  best  be  replaced  by  Terpene.  It  gives  to  the  urine 
an  odor  resembling  violets. 

As  Anthelmintic  it  is  given  in  doses  of  2  to  IS  c.c.  (H  to  4  drachms). 

Oil  of  Turpentine  undergoes  slow  changes  on  exposure  to  the  air, 
becoming  otoniscd.    This  is  used  as  an  antidote  in  phosphorus-poison- 
ing (see, p.  657). 
Preparattons: 

Oleum  Terebinthina  Reetmcatttm  (U.S.P.).— Prepared  by  redistilling 
the  oil  over  soda  to  remove  the  odorous  abietic  acid.    Dose:  I  c.c.  ^ 

ism. 

Linimenium  Terebinihinte  (U.S.P.).— One  part  Oil  of  Turpentine, 
two  of  Resin  Cerate.     (B.P.,  contains  Camphor.) 

Linimentum  Terebinthina  Aceticum  (B.P.). —  Contains  Camphor  and 
Acetic  Acid. 

EmuUum  Olei  Terebinthina   (U.S.P.).— 15%. 

'Petroleum  {Coal  Oil)  resembles  oil  of  turpentine  in  its  local  ac- 
tions  (see  Index). 

*  Oleum  Succini  (Oil  of  Amber)  is  obtained  by  the  distillation  of 
anther  (a  fossil  resin).  The  crude  oil  is  dark  brown,  but  it  can  be 
obtained  colorless  by  rectification. 

Oleum  Lavandula  (U.S.P.,  B.P,)  ;  from  the  fresh  flowers  of  laven- 
der (see  Index). 

Oleum  Catupuli  (U.S.P.). —  From  leaves  of  Melaleuca  Leueadendron, 
Myrtacese;   East   Indian   Islands, 

Oleum  Rosmarini  (U.S.P.,  B.P.). —  From  leaves  of  Rosmarinus  oM- 
einalis,  Labiata:;  cultivated  in  temperate  zone. 

Armea  (U.S.P.). —  Flowers  of  Arnica  montana.  Composite;  Europe. 
Contains  a  volatile  oil,  small  quantities  of  volatile  acids,  and  an  acrid 
Ktter  principle.     Used  externally  as 

Tinciura  Arnica  Florum   (U.S.P.). —  20%.     One-half  alcohol.     I  c.c. 

Arnica  Radix  (B.P.)  is  similar  to  the  flowers  in  composition  and 

Tinctura  Arnica   (B.P.).— 5%  in  three-fourths  alcohol. 

Agua  Hamamelidis  (U.S.P.).  [Liquor  Hamamelidis,  B.P.].— (Witch- 
haiel  Water.  Witch-hazel  Extract,)  Made  by  distilling  the  fresh  twigs 
of  Hamamelis  firginiana  (see  Index). 

Pix  liquids  and  01.  Erigeron.  (see  Index)  are  also  used  as  rubefa- 
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VoUtU«  Oils,  etc,  Vti  Mainly  for  StlmnUtlon  of  Ulc«ra  and 
Open  Wounds. 

These  comprise  the  balsams  —  mixtures  of  resins,  volatile  oils,  and 
aromatic  (antiseptic)  acids.  They  are  viscous  to  solid,  and  are  em- 
ployed as  alcoholic  solutions.  The  evaporation  leaves  a  protective  and 
stimulant  coating  of  the  balsam. 

Balsamum  PeruviaKum  (U.S.P.,  B.P.). —  A  thick  balsam,  obtained 
from  Toltiifera  Pereira,  Leguminos*;  Central  America.  SoL  in  ala 
Dose:   internally,   I   Gm.  =  15  grs. ;   externally,  on  lint 

Mytrha  (U.S.P.,  B.P.). —  A  solid  gum-resin  obtained  from  Corn- 
miphora  Myrrha,  Burseracra;  Africa  and  Arabia.     0.5  Gnt-^jYi  gra. 

Titietura  Myrrha  (U.S.P.,  B.P.).— 20%  in  alcohol.  Externally,  di- 
luted with  5  to  10  volumes  of  water.    Internally,  1  c.c.^  15  ni.. 

Myrrh  is  also  a  carminative. 

Styrax  {U.S.P.,  B.P.).— A  thick  balsam  obtained  from  Liquidambar 
orientalis,  Hamamelacewc ;  Asia  Minor.    Dose:  i  Gm,  =  is  grs. 

Beniainum  (U.S.P.,  B.P.).— A  solid  balsam  obtained  from  Slyrax 
Bensoin,  Styracex;  Sumatra,  etc.    Volatile  Oil,  Benzok  and  Cinnamic 

PrepaTations: 

Tinetura  Bensoini  (U.S. P.). —  20%  in  alcohol.    I  c.c,  =  is  "l. 

Tinctura  Bensoini  Composila  (U.S.P.,  B.P.).— (Fnar'j  Balsam,  Tur- 
linglon's  Balsam.)  (Mainly  used  internally  as  carminative  and  purga- 
tive.)    Contains  Benzoin,   Storax,  Tolu,  and  Aloes.     Dose:  2  c.c.  ^ 

30  m. 

The  original  formula  was  more  complicated.  It  may  be  found  in  the 
National  Formulary  as 

*\tislura  Oleo-Balsamica  (N.F.), —  An  alcohokc  solution  of  volatile 
oils  and  Balsam  of  Peru. 

Other  measares  employed  In  the  treatment  of  Ulcers. 

The  indications  in  the  medical  treatment  of  ulcers  may  be  summar- 
iicd  as: 

!i.  To  stimulate  normal  growth  and  cell  divisioa 
2.  To  form  a  protective  covering  against  the  irri- 
3.  To  keep  the  surface  aseptic. 

Several  objects  may  often  be  attained  by  the  same  drug.  Almost 
*very  irritant  produces  secondarily  anesthesia.  Every  irritant  which 
coajfulates  protoplasm  forms  a  protective  covering.  Almost  every  irri- 
tant is  to  some  extent  antiseptic.  But  according  as  one  or  the  other 
action  predominates,  the  most  useful  of  these  drugs  may  be  classified 
as  follows : 

1.  Stimulating  and  forming  a  rather  lasting  pellicle  of  coagulated 
t^ofaplasm.;  mildly  antiseptic: 

(n)  The  soluble  metafiic  salts,  applied  with  a  brush,  in  a  to  5% 
solution;  particularly  AgNOi  or  ZnSO.. 

(h)  The  insoluble  metallic  salts  —  these  also  act  as  absorbents :  Zinc 
Mid;  bismuth  subnitrate  or  subgallate;  calomel.  The  last  two  should 
"nlj  be  used  on  small  surfaces.  The  calomel  is  also  particularly  anti- 
s*Irtic:  it  is  usually  diluted  s  to  10  times  with  ZnO.  These  may  be 
used  dry,  or  in  the  form  of  ointments. 

^  Slimulating,  but  pellicle  not  lasting: 
ZnO^  1%  1  . 

Alcohol,  20  to  50%  V  applied  with  brush. 
Chloral,  2%  J 

ll>>«!l  Hedica  Leuon   9. 
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3.  Producing  a  lasting  stimvlalion  and  a  resinous  protective  covering. 
Usually  incorporated  in  dressing.     Balsams   (see  above). 

4.  Destroying  tissue:     AgNOi  slick;  CuSOi,  5%. 

5.  Antiseptic:  Any  of  the  usual  antiseptics  may  be  used  for  cleansing 
the  surface.  But  if  it  is  desired  to  keep  it  antiseptic,  a  powder -dressing 
should  be  used,  such  as  Iodoform,  Arislol,  Boric  Acid  (impalpable 
powder).  Calomel,     These  also  act  as  absorbents. 

Volatile  Oila  used  mainly  In  Urethritis  and  Cyatltla. 

The  action  of  these  oils  and  resins  is  largely  antiseptic;  they  seem 
to  have  a  rather  specific  action  on  gonococci;  for  it  has  been  shown 
that  the  urine  from  patients  treated  with  copaiba  is  fatal  to  these  )>ac- 
teria,  whilst  it  is  still  a  good  culture  medium  for  other  varieties.  TTiey 
seem  to  be  superior  for  this  purpose  to  other  urinary  antiseptics,  such 
as  urotropiii,  sodium  salicylate  or  benioate,  or  uva  ursi.  They  are 
most   useful  in   the  ialer  stages   of  the   urethritis. 

The  drugs  of  this  group  are  always  used  by  mouth,  not  locally. 
They  cause  considerable  gastric  irritation,  which  may  be  lessened  by 
giving  them  in  capsules  on  a  full  stomach.  It  is  claimed  that  the 
addition  of  pepsin  is  also  useful  in  this  connection. 

The  drugs  are  excreted  in  the  urine  for  the  most  part  in  combination 
with  glycuronic  acid ;  the  compounds  retaining  the  antiseptic  and  irri- 
tant action.  Since  glycuronic  acid  reduces  Fehiing's  solution,  they  may 
simulate  glycosuria.  Copaiba  and  sandalwood  are  precipitated  from  the 
urine  by  acids,'  simulating  albuminuria.  The  dinfereniiation  may  be 
made  b^  adding  an  excess  of  alcohol  to  the  boiled  urine :  this  dissolves 
the  resins,  but  not  the  proteids. 

Copaiba  (U.S.P..  B.P.)  (Balsam  of  Copaiba).— A  liquid  natural 
oleoresin  from  Copaiba  Langsdorffii  and  other  species,  Leguminoss. 
Brazil  and  Venezuela. 

Constituents:    Volatile  Oil,  Resin,  Copaivic  Acid. 

It  is  not  known  which  of  these  is  most  concerned  In  the  action ;  but 
it  is  very  likely  that  th^  all  contribute.  For  this  reason  there  seems 
little  ground  for  the  following  preparations.  Copaiba  is  insoluble  in 
water,  but  soluble  in  alcohol  or  oils.  It  has  an  unpleasant  taste  and 
odor,  and  is  apt  to  irritate  the  stomach.  It  is  therefore  best  given  in 
capsules,  or  at  least  on  a  full  stomach.  The  dose  is  I  to  4  c.c.  (%  to 
I  drachm).     (1  c.c.  ^15111.) 

It   may   be  made   into  pills   with    Magnesia    (Massa   Copaibir.  94%). 
Dose,  as  the  last. 
Preparations: 

Oleum  Copaiba  (U.S.P.,  B.P.).— The  volatile  oil  distilled  from 
copaiba.    0.5  c.c.  =8  ni. 

(Copaiba  is  not  a  true  balsam,  since  it  does  not  contain  cinnamic  or 
benzoic  acid.) 

A  favorite  method  of  using  this  drug  in  gonorrhea  is  in  the  form  of— 
*Mistura  Copaibir  Composita  ('S.F.).— (Lafayette  Mixture.)  An 
emulsion  containing  as  active  ingredients  ^  each  of  Copaiba  and  Sweet 
Spirits  of  Niter.    Dose:  4  to  8  c.c. 

Cubeba  (U.S.  P.)  {Cubebte  Fructus,  B.P.].— The  unripe  fruit  of  Pi>*r 
Cubfba.  Piperaceae.    Java ;  cultivated. 

Contains  a  volatile  oil  and  resin,  the  latter  containing  cubebic  acid. 

Whilst  the  oil  is  the  most  frequently  employed,  the  oleoresin  or  fluid 
extract  would  be  more  rational,  as  the  resin  is  probably  also  concerned 
in  the  action.  Cubeb  is  less  irritant  than  copaiba.  The  fluid  prepara- 
tions are  made  with  alcohol,  and  are  precipitated  by  water. 

Sludy  Msleria  Mrdica  L«non   10. 
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to  1.2  C.C.    (5  to  M  min- 
is) ;  may  be  given  on  sugar 
in     capsules,     (cscc,  =  8 
-      .,  U.  S.  >,) 
The  oleoresin   is   prepared  by   evaporating  an   alcoholic  extract. 

If  it  shows  a  deposit,  this  should  be  rejected. 
Fluidertractum   Ciibeba    (U.S.P.).— 1    c.c.=  i5   m.. 
Tittctura  Cubeba   (B.P.).— 30%.     Dose:  2  to  13  c.c.    [}/>  to  3 

drachms). 
Trochiici   Cubeba    <U.S.P.).— Each  contains   ao2   Gm.   of   the 
oleoresin.     Dose:   i   to  6. 
Oleum   Santali    (U.S.P.,    B.P.).— A    volatile   oil   distilled    from    the 
wood  of  Satttaluitt  album,  Santalacex,     Southern   India.     Dose:  O.I  to 
0.6  C.C.  (2  to  10  minims).     (o-S  c.c  =  8iii,  U.S.P.) 

Maiico   (U.S.P.). —  The  leaves  of  Piper  angustifoiium,  Piperaeese. 
Tropical  America.    Contain  a  volatile  oil,  resins,  etc. 
Preparations: 

Fluidexlractum  Matico  (U.  S.  P.).— Three-fourths  alcohol;  turbid 
with  water.  Dose:  3  to  8  c.c.  (J4  to  2  drachms).  (4  c.c. ^i3, 
U.  S.  P.) 

Volatile  Olla  Used  Mainly  as  Diuretics. 

All  volatile  oils  irritate  the  kidneys  in  the  course  of  their  excretion. 
Therapeutic  doses  produce  diuresis ;  whilst  toxic  doses  cause  nephritis, 
diminishing  the  urine  and  rendering  it  albuminous.  These  irritant 
diuretics  should  therefore  not  be  used  in  acute  nephritis  and  inflam- 
mation of  Ihe  urinary  passages.  All  the  volatile  oils  have  the  diuretic 
action.  The  most  commonly  used  are  Juniper  and  Buchu.  Terpens 
hydrate  and  cubeba  are  also  employed  for  this  purpose. 

Juniperits  (U.S.P.), —  Jumper  Berries. —  The  fruit  of  Juntperuscom- 
munis,  Coniferse,  Temperate  *one.  Active  constituent:  A  volatile  oil, 
isomeric  with  Oil  of  Turpentine, 

Used  as  infusion,  corresponding  to  4  to  8  Gm, 

Oie*m  Juniperi  (U.S.P.,  B.P.).— The  volatile  oil  distilled  from  the 
above.  Doic- 0.1  too.6c.c.  (2  to  10  miiiims)  (0.2  c.e.  =  3  ri,  U.S.P.)  ; 
usually  given  as  one  of  the  spirits : 

Spirittis  Juniperi   (U.S.P.,  B.P.).— s%.     Dose:  2  to  4  c.c.    ('3 

c.c.=30  ni,  U.S.P.). 
Spiritus  Juniperi  Compositus   (U.S.P.).— A  substitute  for  Hol- 
land  Gin.     A   solution   of  oil   of  juniper,   carawav,  and  fennel 
in  70%   alcohol.    Dose:   to  IS  c.c.    {>/,   ounce)    (8  c.  C=25. 
U.S.P). 
Buchu    (U.S.P.,    B.P.).— The   leaves   of  Baroima   beluUna  and  B. 
crenulala.     Rutacea:;  Southern  Africa,     Contain  a  volatile  oil,  a  glu- 
cosid,    a    bitter    principle,    etc;    2    Gm.  =  30  grs.     Best   given    as    in- 

Fluidextraelttm  Buehu  (U,S.P.),— Three-fourths  alcohol.  Dose:  2 
c.c.  =  30  TH,. 

Jnfusum  Buchu  (B.P.). —  5%.     Dose:  30  to  65  c.c.  (i  to  2  ounces). 

Tittclura  Buchu  (B.P.).~30%.  Two-thirds  alcohol.  Dose:  2  to  4 
c.c.   (!4  to  I  drachm). 

Gnaphalium,  Chamomile,  and  the  Aromattcs  (see  page  725)  may  also 
be  used.  Tliese  are  given  in  the  form  of  hot  teas,  and  are  also 
Diaphoretic. 

•Not   officiil. 

Stndr  MiterU  Medics  Lcuon   10. 
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Volatile  Oils  Used  Mainly  in  DiaeaMa  of  the  Reapiratoiy  Tract. 

The  volatile  oils  act  as  stimulants  and  antiseptics  to  the  respiistory 
mucous  membranes.  They  are  applied  to  the  nasal  cavities  by  inhala- 
tion (eucalyptus),  as  sprays,  or  dissolved  in  oil,  or  as  ointments  (eu- 
calyptus, thymol,  menthol,  camphor).  They  are  used  as  expectorants 
in  chronic  bronchitis.  They  may  be  applied  by  inhalation  (e.  g.,  tur- 
pentine, poured  on  boiling  water,  and  inhaling  the  steam  through  a 
funnel).  Others  are  taken  internally,  exerting  their  action  in  the 
course  of  their  excretion  through  the  lungs  (Terebene,  Terpin  Hydrate, 
Pine  Bark,  Tolti,  Grindelia). 

They  are  also  employed  in  Sbrinous  pneumonia  and  tuberculosis. 
Turpentine  and  its  derivatives  diminish  excessive  bronchial  secretion 
in  a  rather  specific  manner,  and  are  useful  in  certain  cases  of  cough 
and  asthma.  It  is  claimed  that  they  prevent  experimental  rttfcw- 
culosis  in  dogs,  but  they  have  not  been  shown  to  be  curative. 

Ol.  Terebinthina,  especially  by  inhalation.     Fine  Bark  is  also  used. 

Terebenum  (U.S.P.,  B,P.).— CiJI»  A  liquid,  obtained  by  acting 
on  Oil  of  Turpentine  with  concentrated  HiSO.  and  distilling.  Only 
slightly  soluble  in  water,  but  dissolved  by  three  volumes  of  alcohol. 
Dose:  0.3  to  1.0  c.  c.  (s  to  is  minims)  (os  c.c.  =  8  la,  U.  S.  P.)  ;  test 
given  on  sugar,  or  as  inhalation. 

Terpini  Hydras  (U.S.P.).— C,.H™(OH).-t- H,0.  Colorless  crystals 
made  by  acting  on  oil  of  turpentine  with  alcohol  and  nitric  acid.  Sol- 
uble in  200  water,  10  alcohol.  Dose:  0.1  to  i.o  Gm.  (2  to  15  Brains) 
(0.125  Gm,^2  grs.,  U.S.P.).  Also  sometimes  employed  as  urinary 
disinfectant. 

Eucalyptus  (U.S. P.). —  The  leaves  of  Eucalyptus  globulus,  Myrta- 
ces.    Australia :  cultivated. 

Contains  a  resin,  volatile  oil,  etc. 
Preparations: 

Fluidcxtractum  Eucalypti  (U.S.P.),— Three-fourths  aIct*ol.  Dose: 
2  c.c.^30  Til.    Becomes  turbid  with  water. 

*Etixir  EucalypH  (N.F,).— 1;8.  Dose:  8  to  15  c.c.  (2  to  4 
drachms) . 

The  above  Eucalytus  preparations  are  used  mainly  when  the  local 
(carminative)  effect  on  the  intestine  is  desired. 

OUum  Eucalypti  (U.S.P.,  B.P.).--The  volatile  oil.  Dose:  0.3  to  2.0 
c.  c.  (s  to  30  minims)   (0,5  c,  c.  =  8  ill.,  U.S.P.);  or  for  inhalation. 

Encalytol  (U.S.P.)  (Cineol,  C,.H«0).— Constitutes  50%  of  die  oil. 
Colorless  liquid.    Dose:  o.}  c.c.  —  5  m. 

Eucalyptus  oil  is  an  active  disinfectant,  as  well  as  a  local  irritant. 

Oleum  Cubeba  is  commonly  used;  see  above;  so  also  is  Thymol, 
see  Index. 

Balsamum  Toltttanum  (U.S.P.,  B.P,). —  Its  preparations  arc  very 
Fa>puTar  as  vehicles  in  cough  mixtures,  etc.  It  is  a  solid  balsam,  de- 
rived from  Toluifera  Balsamum,  Leguminosx;  Veneiuela.  It  i« 
used  as: 

■upus  Tolutamts  (U.S.P.,  B.P.).— Dose:  ad  libitum  (16  c.c.  =  45, 
P.). 

iinctura  Tohtana  (U.S.P.,  B.P.).— 20%.  Dose:  2  to  4  c.c.  (l4  to 
I  drachm)    (2  c.c.  =  30  HI,  U.S.P.).    With  mucilage. 

Grindelia  (U.S.P.). —  The  leaves  and  flowering  tops  of  Grindelia 
robusta  and  Gr.  squariosa,  Composite ;  western  North  America.  Con- 
tains an  amorphous  resin  (probably  the  active  principle),  sugars,  pro- 
teids,  tannin,  and  a  very  small  quantity  of  volatile  oil;  no  saponin  or 
alkaloid  (Power  and  Tutin,  igos). 
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It  is  said  to  relax  the  muscular  coats  of  the  bronchi  and  diminish 
the  excretion  of  mucus.  It  is  therefore  used  in  asthma.  Its  use  in 
ivy-poisoning  is  mentioned  on  page  71a 

Fluidextractum  Grindelia  (U.S.P.).— Three-fourths  alcohol;  pre- 
cipitates with  water.    Dose:  z  c.c.  =  3o  X\,  U.S.P. 

Eriodictyon  (see  Index)  is  also  used  in  bronchitis. 

Toxic  and  Ecbollc  VoIatUe  OHa. 

All  volatile  oils  are  toxic  in  large  doses.  Direct  systemic  effects 
cannot  be  excluded  altogether,  but  the  phenomena  are  due  almost 
exclusively  to  the  local  irritant  action.  The  symptoms  are  mainly 
those  of  non-perforating  gaslroetitiritit  (see  page  667).  Nephritis  is 
a  common  sequel.  The  extension  of  the  gastroenteritis  to  the  pelvic 
organs,  with  the  consequent  ecbotic  effects,  and  its  inherent  dangers, 
were  described  on  page  667.  A  mild  degree  of  this  action  may  be 
useful  in  delayed  or  painful  menstruum,  such  as  follows  exposure  to 
cold,  etc.  Large  doses  of  the  ecbolic  oils,  as  also  sassafras,  rose- 
mary, and  thymol,  cause  fatty  degeneration  of  organs  (Heffter  Linde- 

Sabina  (U.S.P.). —  Savin. —  The  tops  of  Suniperus  Sabina,  Coniferse. 
Temperate  climates.    The  active  ingredient  is  the  volatile  oil. 

Fttiidexlracium     Sabimt     (U.S.P, ) .—  Dose :     0,3     c.  c.  =  S     i>l. 

U.S.P. 
Oleum  Sabina   (U.S.P.).— The  active  volatile  oil.    Dose:  0.06 
to  0.3  c.c.  =  i  to  s  la.  (0.0s  c.c.=  i  m.  U.S.P.). 
Tanacetum. —  Tansy. —  The  leaves  and  tops  of  Tanacelum  tmlgare, 
Gmipositx;   Europe   and   naturalized.     Dose:   I   to  4   Gm.     The  active 
ingredient  is  the  volatile  oil. 

*  Oletim  Rulir.—  Oil  of  Rue.—  From  Ruta  sraT'eolens,  Rutacex ;  Eu- 
nwe  and  cultivated. 

Hedeoma  (U.S.P).— The  leaves  and  tops.  8  Gm.  =  23  (U.S.P.) 
Used  as  tea. 

Oleum   Hedeoma    (U.S.P,).— Oi7  of  Pennyroyal.    From   Hedeoma 
pulegiodes.  Labiatae;  North  America.    Dose:  0.06  to  0.3  c.  c.^i  to  5  "l- 
(0.2  c.c.  =  3  HI.  U.S.P.). 
(It  is  the  mildest  of  these  agents,  and  is  really  more  often  used  as 

*Apiol  is  formed  from  oil  of  parsley  by  introducing  some  side- 
chains,  amongst  them  allyl.  It  is  very  toxic,  producing  paralysis  of 
the  central  nervous  system  and  fatty  degeneration  of  the  liver  and 
kidneys,  besides  its  strongly  irritant  local  actions.  It  was  tried  in 
amenorrhea,  but  has  been  discarded.  Dose:  0.25  Gm.  (4  grains),  in 
capsules. 

Volatile  Oils  Used  in  Denllstiy. 

A  number  of  volatile  oils  (Qoves.  Cinnamon,  Sassafras,  Gaultheria, 
Creosote,  etc.)  are  used  in  dentistry  to  destroy  the  nerves  of  carious 
teeth  and  to  disinfect  cavities. 

Insectlcidea. 

Certain  volatile  oils,  or  drugs  containing  them,  are  used  to  kill  or 
repel  noxious  insects,  such  as  Mosquiioes.  Roaches,  Flies,  etc.  In- 
sect Powder"  (thepowdered  flowers  of  Pyrethrum  species— Persian 
Powder— and  of  Chrysanthemum  cineranifohum  — Dalmatian  Pow- 
der) ;  Eucalyptus,  Menthol,  Erigeron,  Cedar,  and  Lavender  ^y  be 
cited.     (Roach  powders  commonly  contain  borax;  arsenic  is  eflicient, 
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but  <fciiigerous;  White  Hellebore  is  also  poisonous.)  Naphthalia  and 
Camphor  are  used  ^ainsl  moths. 

Parasiticides  Applicable  to  tbe  Skin.— Allied  to  the  cutaneous 
irritants  are  the  drugs  used  to  destroy  parasites  infesting  the  skin. 
Any  antiseptic  may  be  used  for  this  purpose,  provided  it  can  be 
applied  in  oily  solution.  Against  bacterial  and  other  vegetable  organ- 
isms (such  as  Trichophyton  tonsurans)  the  most  popular  are  the 
mercury  preparations  —  Unguentum  Hydrargyri  Ammoniati,  or  Ni- 
tratis.  Also  sulphur,  tar,  and  (he  various  balsams.  All  these  act,  not 
only  by  killing  the  bacteria,  but  also  by  causing  desquamation,  remov- 
ing tbe  more  superficial  organisms  mechanically,  and  exposing  the 
deeper-lying  parasites  to  tbe  influence  of  tbe  drugs. 

Of  animal  parasites  at  the  skin.  Scabies,  the  "  itch," —  Sarcoptis 
hominis, —  is  tbe  most  important  It  is  treated  most  efficiently  with 
sulphur.     Tar,   Balsam   of   Peru,   etc,   are  also  used. 

Against  Pediculi,  the  best  treatment  —  besides  cleanliness  —  consists 
probably  in  Unguentum  Hydrargyri.  However,  Insect  Powders,  Vera- 
trln  and  the  Sabadilla  seeds  containing  it,  Staphisagria,  and  Picrotoxi- 
num  are  also  used.  The  last  are  so  poisonous,  should  they  be  ab- 
sorbed, that  they  are  not  advisable. 

MUSTARD  OIL  GROUP. 

Mustard  oil  differs  from  the  other  volatile  oils  in  that  it  produces 
a  markedly  greater  irritation.  The  group  also  includes  volatile  oils 
derived  from  other  cruciferous  plants  —  horse-radish,  onion,  etc.  The 
active  principle  of  mustard  is  iso-sulpho-cyanid  of  allyl  (CHiCNS). 
This  does  not  exist  in  the  seed,  but  is  formed  from  potassium 
myronate  (sinigrin)  in  the  presence  of  water  under  the  influence  of 
the  ferment  myrosin. 

These  oils  are  very  diffusible,  and,  therefore,  have  a  very  deep 
action,  without  producing  very  profound  destruction  of  the  surface. 
Althouf^  they  can  produce  very  violent  inflammation,  the  severe 
grades  of  action. are  so  difficult  to  control  that  they  are  mainly  useful 
when  a  mild  but  deep  irritation  is  desired.  The  action  must  be 
watched  very  carefully.  The  oil  is  developed  comparatively  slowl;^, 
and  one  must  not  leave  the  mustard  in  contact  with  the  skin  until 
the  desired  grade  of  irritation  is  obtained,  but  remove  it  somewhat 

MATERIA  MEDICA. 

Sinapis  Alba  (U.  S.  P..  KV.).— White  Mw/ard.— The  seed  of 
Brassica  alba,  CrucifetK;  Europe  and  Asia.    Cultivated. 

Sinafris  Nigra  (U.  S.  P..  6.  P.).— dfocJ^  Afiirfard.— The  seed  of 
Brassica  nigra,  Cruciferae ;  Europe  and  Asia.     Cultivated. 

The  emetic  dose  of  mustard  is  8  Gm.  =  2  3,  in  warm  water. 

The  above  contain  25%  of  bland  fixed  oil,  gum.  etc.,  the  ferment 
Myrosin,  and  the  white  mustard  Sinalbin;  the  black,  Sinigrin  (^ 
Potassium  Myronate).  The  latter  yields,  on  the  addition  of  water, 
the— 

Oleum  Sinafis  VolatiU  (U.S.  P.,  B.  P.).— (Ally!  sulpho-cyanid.) 
8  mg.  =  J^  m,,  U.S.  P.  This  is  too  irritant  to  be  useful,  but  may  be 
employed  as  — 

SpirilHS  Sinapit  (N.  F.),  1:5°;  ''  also  enters  into  the  composition 
of  Limmenh4m  Sinapia  (B.  P.). 

Mustard  is,  however,  usually  employed  as  the  ground  seed  (mustard 
flour).    The  most  convenient  preparation  is  — 

Studr  Hiteri*  Medlu  Lcnon  11. 
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Charla  Sinafit  (U.S.  P.,  B.F.).-~Muslard  Pltuter.—  Uade  from 
black  mustard  previously  exhausted  of  fixed  oil  by  Benzin,  made  into 
I  taste  with  a  solution  of  india-rubber,  and  spread  on  paper.  This  is 
moistened  with  luke-warm  water,  and  applied  a  quarter  of  an  hour  to 
one  hour.  A  deeper  action  may  be  secured  by  the  Mustard  pottltict, 
prepared  by  spreading  a  paste  made  with  water  and  equal  parts  of 
mustard  and  flour  on  linen.  Mustard  is  also  used  as  an  addition  to 
hot  foot-baths,  being  first  made  into  a  paste  with  warm  water.  Iti 
use  as  emetic  has  been  mentioned  on  page  314. 

Other  Cruciferse  contain  similar  oils,  especially  — 

Armoracia  Radix  (B.  P.)— The  fresh  root  of  Cochlearia  Armorada, 
Horse-radish. 

The  onion^AIiium  Cepa;  and  Garlic  — .rilHimrt  sativum  CLiliaceae), 
contain  similar  oils;  the  latter,  Allyl  sulphid. 

Acrolein,  the  irritant  vapors  arising  when  fats  are  overheated,  njay 
also  be  counted  in  this  group. 

When  mustard  oil  is  heated  with  alcohol  and  ammonia,  it  loses  its 
irritant  odor  and  is  converted  into  Allyl  sulpho-carbamid,  which,  under 
the  name  of  Thiosinamin,  has  been  advanced  as  a  cure  for  lupus.  It 
is  to  be  used  by  injecting  0.5  c.  c.  of  a  10%  solution  in  20  parts  of 
glycerin  and  70  parts  of  water.  The  injection  need  not  be  made  at 
the  site  of  the  lesion.  It  is  also  said  to  lead  to  the  disappearance  of 
cicatricial  tissue.  The  clinical  reports  differ  as  to  its  value.  It  is  a 
white,  crystalline  substance,  soluble  in  5  parts  of  alcohol,  decom- 
posed by  water. 

CANTHARIDIN    GROUP. 


ivy,   and   eroton   oil,   the    "  acrid   principles "    of   certain    fresh   jplar 
especially  of  the  family  of  Ranunculace^e,  etc.,   may  be  counted  m  this 
group.    They   owe   their   activity   to   neutral,    resinous,   or   oily   princi- 
ples.   Some  benzol  deritatives  —  cbrysophanic  acid,  resorcin,  pyrogal- 
lol,  etc. —  have  a  similar  action,  so  also  do  some  of  the  toxins. 

Origin  of  Cantharidin.— CanEharidin  is  a  crystalline  principle,  the 
anhydrrd  of  cantharidic  acid.  It  combines  readily  with  alkalies,  form- 
ing soluble  salts.  These  produce  the  same  local  and  systemic  actions. 
Cantharidin  is  contained  in  a  number  of  insects,  especially  beetles,  A 
similar  substance  exists  also  in  some  caterpillars.  It  is  present  in 
varying  amount,   even  in   the  same  species.     It  was  isolated  by   Robi- 

fiet  in  i8ia  from  the  Spanish  "  Fly"  (a  beetle  —  Cantharis  or 
ytta  vesicatoria).  It  is  contained  in  the  soft  parts,  particubrly  the 
blood.  Cantharidin  is  not  used  as  such,  but  as  preparations  made 
from  the  beetle. 

Abtorptlon  aii< 

^1  surfaces.    Evt -..   -,,.  ._    . 

wrbed  to  irritate  the  kidneys,  so  that  f1y-blisi 
in  nephritis.  It  is  excreted  mainly  by  the  kidnejrj.  It  irritates  the 
gastrointestinal  tract  even  when  injected  hypodcrmically  so  that  some 
tDDSt  be  excreted  by  this  channel. 

Local  Actions  of  Cantharidin  and  Similar  Drug*.— Vesication.— 
Cantharidin  penetrates  the  epidermis  quite  readily,  and  produces  vio- 
lent but  superficial  irritation.  This  results  in  vesication.  Venr  small 
qnuitities  suffice  for  this  purpose.  Vu  mg.  cantharidin  or  'Aw  mg. 
toxicodendrol  will  produce  blisters  on  the  human  skin  in  the  course 
of  a  few  hours. 

The  weaker  members   of  this  group,   or   smaller  amounts   of  the 
violent,  will  produce  a  superficial  and  very  lasting  irritant  action.    In 
"—45 
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this  way  they  form  useful  complements  to  the  volatile  irritants,  which 
latter  produce  a  comparatively  short  action,  and  the  two  are  very  use- 
fully combined.    Tincture  of  capsicum  is  especially  valuable  for  this 

(uutroenteritla. —  When  taken  by  mouth,  cantharides  produce 
vesication  of  the   lips,  violent  burning  pain,  vomiting,  diarrhea,  col- 

Cantharidln  Nephritis,— The  kidneys  are  extremely  sensitive  to 
cantharidin.  Small  doses  act  entirely  on  the  glomeruli,  which  are 
enormously  dilated ;  numerous  leucocytes  are  found  in  Bowman's  cap- 
sule. The  urine  becomes  albuminous  within  half  an  hour  after  sub- 
cutaneous injection.  The  smallest  doses  increase  its  amount,  while 
larger  doses  diminish  it.  The  epithelium  of  the  convoluted  tubules  is 
only  affected  by  larger  doses,  and  rather  lale  in  the  course  of  the 
poisoning.  The  interstitial  tissue  escapes  entirely  in  the  acule  intox- 
ication, and  is  but  slightly  changed  even  in  the  subacute  form  (Mur- 
set,  1886). 

The  bladder  and  urethra  are  also  irritated  and  give  rise  reflex  to 
comlanl  desire  for  micturation,  which  is  painful;  priapism,  elc. 

The  nephritis  is  the  main  cause  of  death  in  caniharides  poisonmg. 

A  very  curious  fact  is  the  peculiar  immunity'  of  the  hedgehog, 
chicken,  and  duck  to  this  nephritic  action.  This  is  not  due  to  differ- 
ences in  the  absorption,  nor  to  destruction  of  the  poison,  for  the 
cantharidin  is  found  in  the  urine,  just  as  it  is  in  susceptible  animals. 
Nor  are  these  animals  immune  to  other  nephritic  poisons.  The  im- 
munity to  cantharides  is  also  only  partial;  even  a  single  mjection  of 
a  large  dose  causes  chronic  nephritis.  But  taking  the  fatal  dose  for 
man  (30  mg.  by  stomach)  as  the  unit,  that  for  the  same  weight  of 
hedgehog  lies  about  3,000.  For  the  dog  and  eat  it  is  about  2.5  (i  mg. 
per  kilo)  ;   for  the  rabbit,  about  45. 

This  immunity  to  the  nephritic  action  does  not  confer  immunity  to 
the  local  action  on  the  skin.  In  this  respect,  the  hedgehog  is  even 
more  susceptible  than  the  rabbit,  which  latter  animal  is  almost  im- 
mune to  the  cutaneous  action.  The  nephritic  action  is  lessened  by 
rendering  the  urine  alkaline  (Ellinger,  igos).  In  the  rooster,  canthari- 
din   causes    changes    in    the    comb,    analogous    to    those    produced   by 

Central  Action*.— When  injected  into  the  circulation,  cantharidin 
affects  the  eetilral  ni-nouj  system  in  a  manner  similar  to  carbolic 
acid;  i.  e.,  it  produces  short  stimulation,  excitement,  and  increased 
reflexes,   followed   by  paralytic  symptoms,   coma,  etc. 

This  central  action  is  not  often  seen,  being  obscured  by  gastro- 
enteritis or  nephritis. 

Therapeutic  TIaea. —  Vesication. —  Cantharis  is  the  most 
useful  of  the  vesicants. 

The  fresh  Ranunculaceje.  mustard,  or  crolon  oil,  are  sometimes  used 
by  the  laily,  but  their  action  is  not  so  easily  controlled  as  that  of 

"whVn^he  latter  is  conttaindicated  —  c.  g..  in  eases  of  inflammation 
of  the  urinary  passages.-it  is  mually  replaced  by  ammOTiawaWr 
or  chloroform,  wliich  also  prod.KC  a  vesicant  action  if  the''  <X1Sf  ■,  " 
tion  is  prevented,  as  by  covering  the  point  of  appl'cation  by  a  th™ble^ 
These  are  rather  more  rapid  in  action,  but  much  more  pamful  than  fly 
blister,  and  are,  therefore,  avoided,  if  possible. 

■EllinRcr.   I9«i. 
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The  vesicant  action  of  cantharides  develops  rather  slowly. 
It  usually  requires  from  five  to  ten  hours.  It  can  be  some- 
what hastened  by  removing  the  cantharides  plaster  after  a 
few  hours  and  applying  a  hot  poultice. 

Blisters  in  general  are  contraindicated  in  people  of  feeble 
condition,  since  they  may  then  lead  to  ulceration.  When 
they  are  employed  for  counterirritation,  they  should  not  be 
applied  directly  over  the  inflamed  part,  but  at  some  distance 
from  it.  They  might  otherwise  render  the  inflammation 
more  violent. 

Rubefaction. —  Small  quantities  of  cantharides,  or  the 
milder  members  of  the  group,  form  valuable  additions  to 
liniments,  plasters,  etc. 

Cantharis  is  one  of  the  most  useful  remedies  in  the  treat- 
ment of  baldness.  It  is  used  in  the  form  of  tincture,  very 
greatly  diluted  with  alcohol. 

■Hie  best  trealment  for  alopecia  is  prophylactic  —  frequent  washing 
of  the  stalp  with  soap  and  hot  water,  followed  by  cold  water.  When 
the  diseased  condition  has  set  in,  there  is  fairly  good  prognosis  if 
treated  early ;  very  poor,  if  treatment  is  begun  late.  If  dae  to  syphilis, 
the  mercunals  form  the  best  treatment.  Ordinary  cases  are  treated 
bf  cutaneous  irritants  or  astringents.  Besides  cantharides,  the  most 
useful  arc:  Sulphur,  resorcin,  dirysarobin,  salicylic  acid,  ammoniated 
Tnerctiry,  calomel  —  all  in  5%  to  10%  ointment  or  lotion  —  and  alcohol. 
Pilocarpin  is  also  supposed  to  stimulate  the  growth  of  hair  by  increas- 
ing the  circulation  of  the  scalp.  If  there  is  an  active  inflammatory 
condition,  ichthyol  or  zinc  oxid  may  prove  useful. 

Treatment  of  Impotence. —  Very  many  dru^  have  been  employed 
for  this  purpose,  but  our  knowledge  concerning  them  is  still  very 
meager.  CmtharU  is  one  of  the  most  certain,  acting  through  reflex 
irritation  from  the  urethral  mucous  membrane.  It  is,  however,  quite 
dingerous,  since  effective  doses  are  apt  to  set  up  considerable  nephri- 
tis. Many  essential  oils  act  in  the  same  manner,  and  are  at  once  less 
dangerous  and  less  active.  Here  belong,  f.  g.,  damiana,  ginseng,  mini, 
gurlic.  etc.,  and  possibly  camphor. 

Strychnin  is  thought  to  be  effective  by  raising  the  tone  of  the  spinal 

Phosphorus 
at  all,  it  musi 
patient. 

Alcohol,  moTphin,  cannabis,  and  other  narcotics  act  as  aphrodisiacs 
by  stimulating  the  imagination.     Vohimbin  has  a  specific  action. 

The  best  treatment  for  impotence  consists,  of  course,  in  the  removal 
cf  the  cause  and  improvement  in  the  general  health  of  the  patient  by 
appropriate  hygiene. 

MATERI.\  MEDICA  OF  CANTHARIDES  GROUP. 
Cantharis     (U.  S.  P.,     B.  V.).— Cantharides  — Spanish    Flies.— Tht 
drttd  beetle.  Canlharit  vesicaloria;  Insecta,  Coleoptera ;  southern  and 
ctraral  Europe. 
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The  chief  consAtitents  are  i 
Cantharidin  (0.4%  to  1%};  tl 
in  oils. 

The  dose  of  Canlharit  is  0.03  to  0.06  Gm.  (J4  to  1  grain). 

Ceratum  Cantharidis  (U.  S.  P.)  {Emplailrum  Cantharidii,  B.  P.].— 
Contains  33%,  wiih  fats  and  turpentine.  This,  spread  as  a  plaster, 
constitutes  the  Fly  Plaster.  It  requires  from  six  to  ten  hours  to 
raise  a  blister,  according  to  the  thickness  of  the  skin,  its  content  in 
fat,  and  probably  also  individual  susceptibility.  Since  cantharidin  is 
insoluble  in  water,  it  is  well  that  the  skin  be  rather  greasy,  to  facili' 
tate  its  absorption.  The  plaster  adheres  very  poorly,  and  must  usu- 
ally be  fixed  with  adhesive  plaster.  When  the  blister  has  appeared, 
the  plaster  should  be  carefully  removed  without  rupturing  the  vesicle. 
The  latter  is  then  pierced  and  dressed  with  an  ointment.  This  pre- 
vents further  pain,  irritation,  or  infection.  By  a  "  flying  blister  '  is 
meant  a  series  of  blisters  raised  along  the  course  of  a  nerve  by  the 
application  of  successive  plasters.  The  EmpUutrtm  Calefatitns 
(B.  P.)     (Warming   Plaster)    is   somewhat   weaker. 

Collodium  Cantharidatam  (U.  S.  P.)  [Collodiiim  Vesicant,  B.  P.].— 
Cantharidal  Collodion. —  60%.  May  be  used  instead  of  the  plaster, 
being  applied  directly  to  the  skin  until  it  forms  a  rather  thick  pellicle. 

Tinclura  Cantharidis  (U.  S.  P..  10%;  B.  P„  iJi%).— Alcohol.  May 
be  used  as  an  addition  to  liniments  (in  any  proportion)  or  internally, 
in  dose  0.3  c.c-  =  5  Tn,   (U.S.P,), 

Acetum  Cantharidis  (B.  P.).— 10%  solution  in  50%  Acetic  Acid. 

Liquor  Epispastictts   (B.  P,). —  50%  solution  in  Acetic  Ether. 

Unguentum   Cantharidis   (B.  P.). —  10%  in  Benzoinated  Lard. 

* Linimentum   Cantharidis    (N.F.). — 15%   in   Turpentine. 

Other  Drug*  of  the  Cantharidin  Serlea.— The  actions  and  uses 
of  these  have  been  sufficiently  discussed   in  the  preceding  section. 

~ -.      .-       -  -    _  .^  p^p. 


B.  P.];   Solar 
Stituenis  are ; 
known. 
Preparations: 

Fluidextractum    Capsici    (U.  S.  P.).— Alcohol.      Dose:    0.05    to   0.5 
C.C.  (I  to  8  drops)    (0.0s  c.c.  =  i  HI..  U.S.P.). 

Tinclura  Capsici  (XJ,  S.  P.,  B.  P.).— 10%.    Alcohol.    Dose:  0.3  to  4 
'      ■      '1    minims)    (0.5    c.c.  =  8   Til,    U.S.P.).    In    liniments. 


■b'i 


Capsici  (U.  S.  P.).— Made  with  acetone  (30  mg.  ^ 
yi  gr. 

Emplastrum    (U.S.  P.). 

Unguenttim  Capsici  (B.  P.). 

Meeereum  (U.  S.  P.,  B.  P.).— The  bark  of  Daphne  Mezereum 
( Thyme! xacex,  Europe  and  western  Asia).  The  active  constituent 
is  the  anhydrid  of  Mezerinic  acid.  There  is  also  a  glucosid,  daphnin. 
0.5  Gm.  =  7'/i  grs. 

Fluidextractum  Mexerei  (U.S.  P.).— It  is  rarely  used,  as  an  addi- 
tion to  irritant  liniments  and  plasters. 

* Euphorbium. —  The  dried  juice  of  Euphorbia  resinifera  consists 
of  a  gum  resin,  the  active  constituent  being  the  resinous  eupborbon. 
The  drug  is  rarely  used  (in  liniments,  10%:  {ilasters,  3%). 

•/"uiia/i'tta— The  herb  of  Anemone  Pulsatilla  and  A.  piatensis; 
Ranunculacex,   Europe.    Should  not  be  kept  over  one  year.     Active 

•  NoE  official. 

Studr  Materia  Medica  Lfwon   i). 
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iiiEredient ;  Anemonia  The  drug  is  very  irriunt,  but  it  is  used 
against  asthma,  hefnicrania,  etc,  in  doses  of  ai  to  04  Gm.  It  is 
almost  obsolete. 

Chrysarobinum  (U.  S.  P.,  B.  P,).— C«H«0,;  a  compound  of  chryio- 
phanic  acid,  obtained  from  Araroba  (B.  P.),  Goa  powder,  found  in 
cavities  of  the  tree  Andira  Araroba,  Leguminosx.  Powerfully  irri- 
tant Sol.  in  43i2  water,  308  alcohol,  114  ether.  A  saturated  ethereal 
solution  of  chrysarobin  is  used  in  the  treatment  of  uiarts.  It  is 
painted  on  daily,  the  dead  tissue  being  pared  off.  Dose:  30  mg.^Vi 
er.,  U.  S.  p.  (Goa  powder  contains  50  to  80%  of  chrysarobin.  This 
can   be   converted   into  chryaophanic  acid   by   oxidization.) 

Ungittnlum    Chrysarobim    (U.  S.  P.).— 6%,    in    benz.    lard;    B.  P., 

4%. 

Pyrogallol,  resoTcin,  and  salicylic  acid  are  similar  irritants.  They 
are  used  in  skin  diseases  and  as  parasiticides.     (See  Index.) 

•  Epiearin,  a  condensation  product  of  cresotinic  acid,  is  used  as 
parasiticide,  etc.,  like  chrysarobin,  in  about  double  the  strength. 

POISON    IVY. 

A  number  of  species  of  Rhus  (Anacardiaceat)  produce  violent 
dermatitis  in  sensitive  individuals :  Rhus  vernix,  synon.  venenata 
(Poison  Sumach,  the  most  powerful)  ;  Rhus  Toxicodendron  (Poison 
Oak);  Rhus  diversiloba  (Poison  Ivy);  Rhus  pumila  (a  South- 
em  species) — all  common  in  North  America;  the  Japanese 
lacquer  tree  (Rhus  vernicifera) .  The  common  sumach,  Rhus  glabra, 
does  not  have  this  action.  A  number  of  tropical  trees  belorgmg  to 
the  same  family  also  cause  dermatitis  —  Lithrea  caustica;  Anacardium 
(active  principle,  cardol,  an  oily  substance)  ;  Semecarpus.  Primula, 
chrysanthemum,  arbor  viti,  and  many  other  plants  affect  ! 
persons  in  the  same  manner. 

Accidental    Ivy-poisoning   is   quite    common, 
of  frequent   occurrence    along   the    roadside, 

Only  certain  individuals  seem  to  be  Susceptible  to  the  poisoning, 
while  others  may  handle  or  masticate  all  portions  of  the  plant  with 
absolute  impunity.  The  reason  for  this  difference  is  very  obscure, 
hut  it  may  be  remembered  that  certain  animals  are  immune  to  canthar- 
idis.  The  tolerance  may  be  merely  relative.  In  susceptible  individ- 
uals an  extremely  small  amount  of  the  poisonous  principle  (Viw  mg.) 
is  sufficient  to  cause  a  violent  dermatitis.  In  this  way  the  poisonmg 
may  be  spread  by  contagion;  1.  e.,  sufficient  may  be  passed  from  the 
clothing  or  hands  of  one  person  to  another  to  cause  poisoning.  This 
is,Derhaps,  the  only  instance  of  contagion  by  a  chemic  poison. 

The  toxic  principle  was  long  believed  to  be  a  volatile  acid,  but 
later  investigations  have  shown  that  it  is  neither  an  acid  nor  volatile, 
but  a  fixed  oil  {toxicodendrol)    (Pfaffj.  1 

The  auitienticated   cases   of   poiso'ning  at  a  distance,  which  would      1 
Mem  to  speak  for  its  volatility,  can  probably  be  explained  by  the  oil      I 
tieing  carried  by  dust,  pollen,  etc.    The  toxicodendrol  occurs  in  the 
lacteal  vessels,  which  terminate  in  fine  hairs  (Schwalbe,  1902). 

The  active  principle  is  the  same  for  all  the  species.     It      \ 
lias  a  considerable,  latent  period,  from  one  to  nine  days,       ' 

•Not  official. 
SMr  HMcria  Hcdiea  Leuon  11. 
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usually  four  to  five  days.  This  does  not  seem  to  be  influ- 
enced by  the  dose.  The  action  consists  in  a  typical  derma- 
titis, passing  through  all  the  successive  stages,  from  hyper- 
emia with  itching,  to  vesication  and  pustulation. 

Taken  Jnternally,  it^  is  an  active  irritant,  exerting  its 
strongest  action  upon  the  kidneys. 

The  toxic  principle  is  destroyed  by  alkalies.  It  forms 
comparatively  insoluble  compounds  with  lead.  The  methods 
of  treatment,  therefore,  consist  either  in  applying  to  the  skin 
a  paste  made  with  an  alkali,  preferably  castile  soap,  or  else 
a  solution  of  lead  acetate,  preferably  in  alcohol,  to  loosen 
the  oil.  Fluid  extract  of  Grinddia  robusta,  diluted  with  4 
to  8  volumes  of  water  and  used  as  a  wash,  is  frequently 
useful. 

The  expressed  juice  of  Impatiens  fulva  is  also  said  to  be 
curative  when  applied  to  the  skin.  Copper  and  iron  salts 
are  also  useful. 

The  very  worst  treatment  which  can  be  imagined  is  the 
application  of  vaselin  or  other  ointments,  since  they  dissolve 
out  the  toxicodendrol  and  tend  to  spread  it  over  a  larger 
surface. 

OTHER   FORMS   OF   C0UNTER1RRITATI0N    {MAINLY 
PHYSICAL. 

Any  agent  capable  of  producing  inflammatory  reaction  may  be  em- 
ployed for  counter  irritation.  These  remaining  forms  of  irritation  are 
mainly  as  follows; 

1.  Bacterial, 

2.  Friction    (Exercise,   Massage),   Acupuncture,   Scarification. 

3.  Temperature. 

4.  Electricity. 

5.  Venesection. 

I.  Bacterial  Counlerlnital Ion.— This  method  is  at  present  prac- 
tically obsolete.  Il  was  formerly  accomplished  with  setons  —  a  string 
of  some  librous  material  was  carried  through  a  fold  of  skin  and  left 
there  to  suppurate.  More  recently,  bacterial  counterirritation  has 
been  employed  in  the  form  of  artificial  streptococcus  infection  against 
various  tumors. 

a.  Friction. —  This  acts  partly  by  producing  hyperemia,  partly  by 
massage.  The  benefit  derived  from  liniments  is  partly  due  to  the  fric- 
tion u^ed  in  their  application. 

ExercJK  and  Massage.— Although  counterirritation  or  other  re- 
flex stimulation  is  only  in  small  part  responsible  for  the  effects  of 
exercise  and  massage,  those  effects  bear  in  some  particulars  a  suffi- 
ciently close  resemblance  to  those  of  counterirritation  to  excuse  their 
discussion  in  this  place. 

The  stimulating  effect  of  exercise  in  health,  and  its  use  for  the 
preservation  of  this,  and  for  the  development  of  the  body,  etc.,  must 
be  left   for  text-books  of  physiology  and   hygiene. 
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EXERCISE,   MASSAGE,    HYDROTHERAPY.  JII 

It  is  anilied  to  diseases  mainly  in  the  form  of  Swedish  movement 
and  massage. 

The  Swedish  movement  consists  in  contracting  the  muscles 
against  resistance  furnished  by  the  operator. 

Its  advantage  over  ordinary  exercise  lies  in  the  exactness  with 
which  the  effort  may  be  regulated  and  in  the  possibility  of  confining 
the  work  to  particular  muscles. 

In  Riassage  the  patient  is  entirely  passive,  the  muscles  being  treated 
by  the  masseur  (or  masseuse). 

The  muscles  are  put  into  a  state  of  semiflexion  and  subjected  to  a 
manipulation,  generally  in  centripetal  direction.  The  various  move- 
ments consist  in  stroking,  kneading,  friction,  percussion,  and  their 
modifications,  according  to  the  effect  which  it  is  intended  to  produce. 

The  results  depend  upon  counter  irritation,  local  changes  in  the  cir- 
culation and  metabolism,  reflex  effects  upon  the  central  nervous  sys- 
tem, and  the  results  of  exercise  in  improving  the  general  nutrition. 
To  produce  the  reflex  results,  light  stroking  or  percussion  is  em- 
Kneading  is  more  efficient  to  relieve  local  swellings  or  edemas.  It 
is  easy  to  convince  one's  self  of  the  importance  of  this  when  one 
remembers  the  rapidity  with  which  the  swelling  from  a  hypodermic 
injection  may  be  made  to  disappear  under  manipulation.  The  venous 
circulation,  and  especially  the  lymphatic  circulation  in  muscles,  are 
influenced  very  largely  by  the  muscular  movements,  and  are  In  this 
way  greatly  increased  by  exercise,  and  still  more  by  massage. 

A  combination  of  all  the  movements  is  used  when  it  is  desired  to 
influence  the  general  nutrition  of  the  patient,  to  supply  general  exer- 
cise, or  to  prevent  atrophy  of  the  muscles  in  paralysis,  or  to  break  up 
adhesions,  etc. 

Acnpnnctnre  is  the  process  of  pushing  needles  through  the  skin 
into  the  underlying  organs.  It  sets  up  a  certain  amount  of  inflamma- 
tory reaction.  This  method  of  treatment  is  much  in  favor  among 
the  Chinese.    It  is  practically  obsolete  among  other  civilized  peoples. 

Scarification  is  the  process  of  making  small  incisions  with  a  knife 
or  needles.  Irritants,  as  croton  oil,  may  be  rubbed  into  the  result- 
ing wounds,  and  the  action  of  the  drugs  will  so  be  considerably  in- 

3.  Temperature  —  Hydrotherapy.— 

The  effects  of  baths  are  so  largely  due  to  the  heat  or  cold  that 
these  may  be  included  under  the  general  heading  of  Hydrotherapy. 
TTje  treatment  of  disease  by  these  means  is  really  a  very  ancient 
practice,  alternately  popular  and  neglected,  and  which  has  undergone 
3  considerable  revival  in  the  nineteenth  century.  It  has  been  devel- 
oped so  extensively  as  to  constitute  a  special  branch  of  Therapeutics, 
and  its  treatise  in  detail  must  be  left  to  larger  works. 

The  effects  of  heat  and  cold  present  a  certain  amount  of  similarity, 
both  being  irritants.  They  lead  to  dermatitis  of  all  degrees,  from 
simple  temporary  hyperemia  to  corrosion.  The  results  of  this  counler- 
irrilation  are  mainly  nervous,  at  once  sedative  and  invigorating.  They 
*eem  to  favor  digestion,  oxidation,  and  sleep.  They  increase  the  ex- 
cretion of  nitrogen  (except  Russian  steam-baths,  and,  in  exceptional 
cases,  tepid  salt  water  baths). 

The  anplication  of  heat  acts,  of  course,  as  a  diaphoretic. 

(Al  Qeneral  Effects  of  Cold  Baths;  1.  e.,  those  having  a  tem- 
perature near  or  below  70°  F.   (21"  C). 

These  produce  at  first  a  contraction  of  the  cutaneous  vessels  and, 
in  consequence,  a  sensation  of  chilliness.  The  respiration  is  reflexly 
increased  and  becomes  gasping.    If  the  patient  is  kept  in  the  water. 
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_.   .   .  will  continue  for  a 

:  after  the  patient  has  left  the  bath.  As  soon  as  the  cold  i; 
moved  the  cutaneous  vessels  will  often  dilate  very  rapidly,  brir„  „ 
an  abnomially  large  amount  of  blood  to  the  surface.  This  is  usually 
the  case  when  the  skin  is  vigorously  rubbed.  The  former,  the  reduc- 
tion of  temperature,  determines  the  usefulness  of  cold  baths  in  fever. 
The  latter,  the  effect  on  the  cutaneous  vessels,  acts  as  a  tonic.  The 
exercise  which  this  affords  to  these  vessels  also  serves  to  harden  the 
body  against  exposure. 

When  used  on  persons  with  feeble  circulation,  cold  baths  are  apt 
to  do  ham)  rather  than  good. 

Where  cold  baths  are  not  practicable,  they  may  be  replaced  by  cold 
affufions,  cold  sponging,  or  by  the  cold  pack.  In  the  latter  the  pa- 
tient is  wrapped  in  a  wet  sheet  wrung  out  of  cold  water,  and  is  then 
packed  in  several  blanlteis. 

Cold  has  the  same  effects  when  it  is  restricted  to  limited  WMI. 
This  may  be  done  either  in  the  form  of  compresses  wrung  out  of 
cold  water  or  by  means  of  the  ice-bag.  These  not  only  seem  to  be 
useful  counterirrilanls,  but  also  appear  tiS  lessen  inHammaiion  directly 
by  producing  constriction  of  the  vessels.  Cold  fool-baths  are  very 
efficient  in  checking  the  menstrual  flow.  Cracked  ice  taken  by  the 
mouth  is  one  of  the  most  efficient  means  of  relieving  vomiting.  A 
more  intense  cold  and  artificial  freezing  of  the  tissues  are  employed  as 
local  anesthetics, 

(B)  Heat  may  be  applied  either  dry  or  moisL 

I.  Sun  Bath. —  The  direct  rays  of  the  sun  produce  an  active 
hyperemia  of  the  cutaneous  vessels  and  may  lead  to  dermatitis.  Sim- 
ilarly  the   X-rays,   which   have   found   therapeutic  apphcation   for   this 

They  produce  all  grades  of  dermatitis  according  to  the  time  during 
which  they  are  applied  and  to  the  susceptibility  of  the  individual. 

Sunlight  exerts  a  very  conspicuous  tonic  effect.  This  is  indeed  in 
great  part  psychic;  but  the  oxidizing  power  is  greater  in  surUight  than 
in  the  dark,  even  in  the  case  of  excised  tissues. 

a.  When  it  is  desired  to  have  the  action  of  heat  confined  to  limited 
areas,  this  is  usually  accomplished  by  hot-water  bags  or  ponltlcei. 

The  peculiar  advantage  of  the  poultice  lies  in  its  applying  heat 
without  changing  the  natural  moisture  of  the  skin.  The  oily  basis 
of  the  poultice  will  neither  macerate  the  epidermis  nor  allow  it  to 
lose  water.  The  oil  also  aids  in  retaining  the  heat  of  the  poultice, 
so  that  its  action  extends  more  deeply  than  by  any  other  method 
and  with  less  injury  to  the  superficial  layers,  A  poultice,  to  be  use- 
ful, must  be  very  hot.  so  hoi  that  it  needs  to  be  separated  from  the 
skin  by  a  few  layers  of  flannel.  (For  methods  of  preparing  poultices 
see  p.  71.) 

3.  A  somewhat  similar  result  can  be  attained  by  wet  compreises 
covered  by  india-rubber  or  gutta-percha,  to  prevent  evaporation.  In 
this  way  the  body  is  made  to  furnish  the  heat, 

4.  When  the  application  of  dry  heat  is  intended  to  be  more  gen- 
eral, it  may  be  used  in  the  form  of  the  hot-air  bath. 

This  is  one  of  the  most  efficient  diaphoretic  measures.  The  sim- 
plest form  of  application  is  lo  cover  the  patient  with  an  abundant 
supply  of  blankets  in  a  hot  room.  Other  forms  are  the  Turkish  bath. 
or  the  patient  may  be  seated  on  a  chair,  enveloped  in  3  blanket,  and 
an  alcoholic  lamp  placed  under  the  seat  of  the  chair. 

The  application  of  7'ery  hot  dry  air  to  joints  has  been  found  very 
useful  in  chronic  rheumatism.  It  requires  special  apparatus  and  ex- 
perience. 
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5.  The  application  of  intense  heat  leads  to  cautery.  According 
do  the  apparatus  used,  this  is  spoken  of  as  thermocautery  or  galvano- 

A  somewhat  ancient  form  of  producing  a  deep  but  very  powerful 
^nd  painful  counterirritation  is  by  placing  an  ignited  moxa,  a  small 
cone  of  inflammable  material,  on  the  skin. 

MoUt  Heat.— Qeneral   Warm   Batha. 

The  results  of  baths  will  vary  with  their  temperature.  Warm 
Imiks  are  those  with  temperatures  ranging  from  36°  to  29°  C  (97' 
to  85°  F.).     Hot  baths  are  above  this  temperature. 

The  warm  baths  are  used  mainly  to  lessen  internal  congestion.  By 
dilating  the  cutaneous  vessels  they  bring  more  blood  to  the  surface, 
and  so  may  even  reduce  the  temperature,  and  may  be  employed  in 
fevers.  By  drawing  blood  from  the  brain  tliey  are  useful  m  insom- 
nia, etc.  Hot  balks  may  lead  to  an  actual  rise  in  the  temperature  of 
the  body  if  they  are  sufficiently  prolonged.  They  are  only  used  to 
produce  diaphoresis. 

Baths  may  be  rendered  more  specific  in  their  action  on  the  skin  by 
the  addition  of  various  medicinal  agents,  forming  Medicated  Batlii. 

Salt,  especially  sea  salt,  in  the  proportion  of  a%  to  4%,  increases 
the  counterirritation.  Acid  baths  are  used  when  a  more  intense  action 
is  desired,  with  the  minimum  effect  on  the  epithelium.  Alkaline  and 
sulphur  baths  are  useful  in  certain  skin  diseases  in  which  the  epithe- 
lium is  thickened.  They  are  also  employed  in  rheumatism,  where 
their  effect  must  be  reflex.  General  mustard  baths  were  formerly 
used  to  quicken  the  appearance  of  the  eruption  in  exanthemata.  They 
are  at  present  very  little  employed.  They  were  prepared  by  adding 
mustard  to  water  in  the  proportion  of  about  !^  to  i  teaspoonful  to  a 
gallon.  The  patient  is  left  in  this  bath  only  until  he  feels  the  first 
burning  in  the  skin. 

Local  baths  are  sometimes  employed  for  the  relief  of  pain  or  to 
diange  the  blood  supply  of  a  part.  This  may  generally  be  accom- 
phshed  more  effectually  by  poultices  or  hot-water  bags.  An  exception 
are  hot  loot-boths.  These  cause  a  vasomotor  dilatation  not  only  in 
the  feet,  but  also  in  the  whole  splanchnic  area.  They  are  therefore 
useful  to  restore  the  menstrual  flow.  They  also  lessen  congestion  in 
the  lungs. 

The  effects  of  Russioft  or  steam-baths  are  very  similar  to  hot-water 
baths. 

The  Kneip  cure,  consisting  in  walking  through  wet  grass  with  bare 
feet,  is  essentially  a  cold  foot-bath. 

4.  Electricity, — 

The  use  of  electricity  tn  the  diagnosis  and  therapeutics  of  diseases 
of  the  feripheral  nerves  has  become  so  complicated  as  to  be  beyond 
the  limits  of  this  treatise.  Briefly,  the  indications  for  its  use  are  to 
produce  irritation  or  counterirritation,  or  to  prevent  atrophy  of  mus- 
cles. The  counterirritation  is  especially  valuable  in  chronic  rheu- 
matism. It  is  employed  here  in  the  form  of  the  faradic  current.  It  is 
also  said  to  be  a  useful  irritant  in  alofiecia,  when  it  is  applied  in  the 
form  of  brush  electrodes. 

6.  Tenesection,  Capping,  and  Leeohea.' — 
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It  has  already  been  pointed  out  that  the  effect  of  subcutaneous 
and  intravenous  injection  of  normal  sail  solutions  is  somewhat  in  Ihe 
nature  of  a  counterirritation,  by  chemic  stimulation  of  the  vascular 
endothelium. 

6.  Cathode  Rays  and   Radioactive   Metait.— 

(Radium,  uranium,  barium,  thorium,  bismuth,  etc.). 

The  rays  emitted  from  these  metals,  and  the  cathode  rays,  aM«ar 
to  act  in  an  identical  manner.  They  are  destructively  irritant.  They 
lead  to  pronounced  degenerative  lesicais  of  the  skin  —  dermatitis, 
deep  and  slowly  healing  ulcers  —  and  in  superficially  seated  pathologic 
tissues  (epithelionia,  lupus,  etc.). 

The  skin  lesioKi  are  produced  by  active  preparations  after  an  ex- 
posure of  5  to  20  minutes,  but  a  latent  period  of  some  days  or  weeks 
elapses  before  the  changes  become  noticeable.  Similar,  but  much 
milder,  changes  are  produced  in  exposed  tmtcoHS  membranes  (Rehus, 
1904)-  The  effects  on  other  exposed  lissvfs  are  also  similar,  but 
milder  (Schwarz,  1903).  They  are  always  preceded  by  a  latent  period. 
Bouchard  (1904)  saw  marked  pulmonary  congestion  following  the 
inhalation.  Small  animals  die  with  convulsions  and  coma  when  ex- 
posed (e,  g,,  Bogrow,  1903).  Most  invertebrate  animalt  are  rapidly 
killed  (Willcock,  1904) ;  bacteria  are  scarcely  affected  (Beurren  and 
Zinser,  1903;  Prcscott,  1904). 

The  effect  on  embryos  is  more  powerful ;  it  arrests  development 
or  causes  deformities  of  the  larvae  of  ascaris,  sea  urchins,  frogs,  toads, 
etc,  (Bohn,  Bogrow,  1903;  Perthes,  1904)-  It  also  causes  atrophy  of 
the  ovary  of  mammals  (Rabbit;  Halberstaedler,  1905),  and  seems  to 
produce   steriiily,   at  least   temporarily,  in  males. 

The  effect  on  ova  has  been  studied  by  G.  Schwarz  (1903)  on  the 
chicken  egg.  The  principle  effect  is  on  the  yolk,  which  becomes  dis- 
colored, and  acquires  the  taste  and  odor  of  decomposing  lecithin. 
He  shows  that  the  changes  are  not  due  to  heat;  and  is  inclined  to 
attribute  the  physiologic  effects  of  radium  to  changes  in  the  tissue 
lecithin.  As  an  extension  of  this  theory,  Werner  (iQOS)  claims  to 
produce  the  typical  radium  skin-changes  by  the  subcutaneous  injection 
of  lecithin  which  has  been  previously  decomposed  by  exposure  to 
radium  or  Roentgen  rays.  This  statement  needs  further  confirma- 
tion. Radium  is  capable  of  inducing  powerful  chemic  changes,  which 
might  explain  its  actions.  Henri  and  Mayer  (1904)  have  also  shown 
that  it  precipitates  positively  charged  colloids,  so  that  we  may  be 
dealinff  with  an  electron  effect. 

Radiotherapy  is  still  experimental.  It  is  being  tried  for  the  cau- 
terization of  hipus  and  other  superficial  malignant  tumors,  and  in 
milder  grades  for  counter  irritation  in  neuralgia,  etc.  The  action  is 
confined  to  the  surface. 

The  intravenous  injection  of  radium  salts  causes  circulatory  changes, 
closely  resembling  those  of  barium,  and  perhaps  due  to  this  contamina- 
tion (Burton-Opitz  and  Meyer).  The  metabolism  is  scarcely  altered 
(Berg  and  Welker).  All  organs  show  radioactivity,  especially  the 
blood   (Meyer). 

Fluorescent  Subatancea.— V.  Tappeiner  and  Raab  (1903)  have 
found  the  fluorescent  substances  are  very  destructive  to  all  forms  of 
life,  and  also  to  ferments  and  toxins;  but  that  the  effects  appear  only 
in  Ihe  presence  of  the  specific  light  rays  which  induce  the  fluorescence. 

their  moutfa,  and  driw  about  ;  to  7  c.  c.  of  blood.     Tbii  quantity  niav  be  lOniewhM 
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RESUME  OF  THERAPEUTICS  OF  SKIN  IRRITANTS. 

I.  Tberapentlc  ClaMification. —  These  irritants  may  be  divided, 
according  to  the  extent  and  manner  of  their  action,  into  the  following 
classes : 

I.  Extensive  and  supetHcial,  wilhottl  injury  to  the  epidermic:  baths, 
especially  salt-water  baths. 

^.  Extensive  and  superficial,  with  softening  of  the  epidermis:  sul- 
phur and  alkali  baths, 

J.  Local,  deep,  nutritive:  iodin,  etc. 

4.  Local,  superAcial.  nutritive:  metallic  salts,  etc. 

S-  Local,  superficial,  sensory,  brief:  volatile  oils,  turpentine,  chloro- 

6.  Local,  deep,  sensory,  lasting:  capsicutn,  caustics  (used  only  in 
veterinary  practice);  vesicants:   cantharides,  ammonia,  chloroform. 

II.  The  Indications  for  skin  irritants  may  be  summarized  as  fol- 

1.  In  skin  diseases. 

2.  To  produce  diaphoresis. 

3.  To  reflexly  affect  the  central  nervous  system,  especially  the  me- 
dulla.    The  volatile  irritants  are  here  the  most  useful. 

(o)  To  change  the  distribution  of  the  blood  and  thereby  diminish 
deep  chronic  inflammation. 

(ft)  In  a  similar  manner  to  remove  inflammatory  exsudates  from 
the  connective  tissue. 

(c>  To  diminish  pain. 

(if)   As  a  tonic  to  the  whole  body. 

III.  ExpUnatory. —  I.  For  their  use  in  skin  diseases,  see  Chapter 
XXXI,  B. 

J.  For  use  as  diaphoretics,  see  page  282. 

3.  As  rcRcx  Irritants  of  the  central  nervons  syatein; 

To  make  this  subject  clear  it  will  suffice  to  recall  the  effects  of 
stimulation  of  the  central  end  of  the  sciatic  nerve.  A  moderate  stim- 
ulation of  this  kind  produces,  reflexly,  a  slowing  of  the  heart  through 
stimulation  of  the  vagus  center ;  a  rise  of  blood  pressure  through 
vasomotor  stimulation ;  and  increased  respiration  throu|;h  stimulation 
of  the  respiratory  center.  A  much  stronger  stimulation  may  have 
precisely  the  opposite  effect ;  1.   e.,  depress  3iese  centers. 

Counterirrilants   produce  analogous  phenomena : 

Milder  degrees  of  this  action  are  useful  in  resuscitating  patients 
from  syncope  or  from  profound  anesthesia.  The  Cjuiekest  effect  may 
be  obtained  either  by  giving  the  irritant  hypodermically,  or  by  inhal- 
ing a  volatile  irritant,  in  which  case  it  acts  through  the  trigeminal. 
One  may  also  employ  electricity,  or  heat  or  cold  applied  to  the  skin. 

4.  (a)  and  <b)  To  affect  the  dirtrlbutlon  of  blood:  Local  changes 
in  the  circulation  at  points  remote  from  the  seat  of  application  of  the 
irritant,  arise  either  directly  through  continuity  with  the  seat  of  irri- 
tation, or  through  reflexes.  By  continuity,  an  increased  vascularity 
of  the  skin  may  influence  the  circulation  in  neighboring  organs  in  two 
opposite  ways :  It  either  causes  hyperemia  of  the  organs  simulta- 
neously with  its  own  hyperemia,  or  it  may  draw  blood  from  these 
organs  and  thus  cause  them  to  become  anemic. 

We  see  a  hyperemia  of  this  kind  in  the  case  of  the  pelvic  organs 
when  the  intestinal  canal  is  irritated,  whereas  this  same  irritation 
causes  an  anemia  of  the  cerebral  organs. 

Reflexly,  changes  in  the  caliber  of  vessels  of  cutaneous  areas  may 
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affect  the  vascularity  of  organs  at  a  distance,  through  the  ^ 
centers;  e.  g.,  hot  and  cold  foot-baths  will  react  upon  the  circulati<m 
within  the  pelvic  organs. 

To  affect  the  vascularity  of  the  skin,  deeply  acting  and  lasting 
stimulation  will  be  required,  as  also  for  the  removal  of  inflammatory 
products. 

4  (c>.  To  diminish  pain;  It  has  long  been  known  that  the  ap- 
plication of  heat  or  counter! rritants  in  certain  limited  superficial  situa- 


Pericardltii    or    pleiuisy- 
pi«m,   in  pleurisy   or 


rhcre   bitstera  or 


tions    modifies    painful    impressions    and    inflammatory    processes    in 
internal  organs. 

These  observations  were  entirely  empirical,  but  some  light  has  re- 
cently been   thrown  on  this  subject  by  the  results  of  Head  on  the 

Head  comes  to  the  conclusion  that  the  internal  organs  and  definite 
portions  of  the  surface  of  the  body  receive  their  nerve  supply  from 
the  same  spinal  segments,  and  that  irritation  of  the  one  will  react 
upon  the  other.  It  is  remarkable  how  closely  the  areas  which  he 
mapped  out  experimentally  as  corresponding  to  the  internal  organs  cor- 
respond to  those  positions  on  which  the  application  of  counterirrita- 
tion  has  been  found  empirically  most  useful  (Figs,  ftj  and  94)- 
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Counterirritation   is,  as   a   rule,    useful  only  in  chronic  inflamma- 
don.     In  acute  inflammation  there  is  always  a  danger  of  increasing 
r  of  causing  it  to  extend  to  neighboring  organs. 
:    Cutaneous    counterirritants    are    usually    employed    in 


Doaf   allowing  khih 
'tulljr  applied.     Back 


Jne  lonii  of  liniments ;  i.  e.,  in  solution  or 
The  proportions  in  which  they  are  used  a 

Ammonia  Water 

Tr.  Belladonna 
or  Opium,  etc. 

Spirits  Chloroform 

Spirits   Ether 

Spirits  Camphor 

Tr.   lodin 

Tr.  Aconite 

Tr,  Capsicum 

Tr.  Cantharides 

Sp.  Sinapis 
Essential  Oils 
Croton  Oil 
Creosote 


n  oil  or  atcohoL 
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TABLE  XV.— LINIMENTS, 

The  Official  Lmimenls  are  very  good  representatives  of  this  class  of 
preparations.    The  con^iosjtion  of  the  principal  ones  is  as  follows: 

U.  S.  P.  B.  P. 

Linimenlum  Ammonia:        Anunonia  Water.  35  Ammonia  Water.  25 

Alcohol  5  Olive  Oil  50 

Cotlon-seed  Oil.  57  Almond  Oil  25 

Oleic  Acid 3 

Lin.  Belladonna:                     Camphor S  F.   E.   Bella- 

Fldext.  Bella-                  donna 50 

donna  Root,                 Camphor 5 

to  100    Alcohol  50 


Lin.   Chloroformi: 


Soap 60  Soap    100 

Camphor 45  Camphor 50 

Oil  Rosemary  .,  10  Oil  Rosemary...  ao 

Alcohol  725  Alcohol  850 

Water  to  1000  Water  to  1000 

This  is  practically  identical  with  "  Opodeldoc." 


Lin.  Saponin  Mollis: 
(Tinctura  Saponis 

Viridis) 


Soft  Soap 65 

Oil  Lavender  .. .    2 

Alcohol  30 

Water  to  too 

Resin  Cerate  ...  65    Camphor  ... S 

Oil  Turpentine..  35    Soft  Soap 75 

Water  25 

Oil  Turpentine  .  65 


Lin.    Cantharidis: 


Soap   Liniment   6 

A  15%  solution  in  oil  of  turpentine, 
lodin 12.5 


KI 
Gl>ct 


■  5^ 

■  35 


s  Medica   Lcuon    13. 
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Lin.  Sinapis  Compotitum:      Mustard  Oil   3 

Fldext.   Mezereum  20 

Camphor    6 

Castor   Oil   15 

Alcohol    to  100 

Alio  the  B.P.  PrefaralioHs: 

Limimenium  Comphora  Amtnoniatum:  Lintmentum  Aconili: 

Stronger  Ammonia 10  Aconite    60 

Camphor    5  Alcohol  to  100 

Lavender  Oil   J4  Camphor    5 

Alcohol   to  40 

Linimenlum   CrotonU:  Linimentum  Sinapis: 

Croton  Oil  1.0  Vol.  Oil  Mustard..    2 

Cajeput  Oil  3.5  Camphor    3 

Castor  Oil   3-5  Castor  Oil 7 

Alcohol  43 

Linitnenlum  Terebinlhin<e  Aceticum: 

TuT>entine    4     ' 

Glacial  Acetic  Acid t 

Camphor  Liniment  4 

Tile  plasters  are  also  irritant.    They  are  discussed  in  Chapter  XXXI. 


CHAPTER  XXX. 

SPECIFIC  IRRITANTS  OF  THE  ALIMENTARY 
CANAL. 

(INCLUDING  ANTHELMINICS). 

It  has  already  been  pointed  out  that  certain  irritant  sub- 
stances confitie  their  action  mainly  to  the  alimentary  canal. 
These  are  the  Stomachics,  Carminatives,  and  Vegetable  Ca- 
Ihatiics. 

(A)  STOMACHICS. 

These  may  be  deHned  as  drugs  which  favorably  modify 
the  digestive  process  in  various  functional  disorders,  and 
«'hose  action  rests  neither  on  a  chemic  nor  on  a  physical 
basis.' 

These  substances  are  characterized  by  a  marked  and 
sharp  taste,  either  bitter  or  "aromatic." 

'Tbc  last  poiiion  of  the  definition  excludu  fermenis.  acid)  and  alkalies,  and 
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Hanner  of  Action:  It  has  been  found,  in  animal  experi- 
ments, that  stomachics  increase  absorption  (of  sugar  or 
peptone)  from  the  stomach  and  intestines;  Brandt,  1893. 
The  secretion  of  the  gastric  and  pancreatic  juice  is  also  in- 
creased. The  gastric  fluid  contains  more  acid,  ferment,  and 
chlorids.  These  results  follow  in  half  an  hour  after  the 
drugs  are  given,  their  immediate  action  being  almost  noth- 
ing, or  slightly  in  the  opposite  direction.  The  mechanism 
by  which  these  results  are  secured  is  not  perfectly  under- 
stood. However,  there  is  no  doubt  that  the  effects  depend 
mainly  on  a  mild  and  peculiar  irritation,  producing  a  reflex 
flow  of  all  digestive  fluids  (and  probably  also  an  increased 
production  of  secretin) ;  a  beneficial  hypermia  of  the  mucous 
membranes ;  and  a  stimulation  of  the  motor- fimctions  of  the 
alimentary  canal.  The  increased  appetite  which  is  noticed 
may  be  accounted  for  by  a  stimulation  of  the  nerve  endings 
concerned  in  the  sensation  of  hunger. 

Experiments  with  dogs  provided  with  esophageal,  gastric  and  Paw- 
low  fistulas  have  given  the  following  results: 

The  administration  of  bitters  alone  has  no  effect ;  but  when  this 
is  followed  by  a  inea!  within  twenty  minutes  (t.  e.,  whilst  the  bitter 
taste  is  still  present),  the  flow  of  gastric  juice  is  increased  by  15  to 
40%.  This  has  the  norma!  composition.  The  same  results  are  ob- 
tained if  the  bitter  and  food  are  prevented  from  reaching  the  stomach 
by  an  esophageal  fistula  (Borisoff,  1904).  This  shows  that  the  effects 
are  produced  mainly  from  the  moulh ;  the  most  plausible  explanation 
being,  that  the  bitter  taste  puts  the  taste-organs  into  a  condition  in 
which  they  appreciate  the  taste  of  food  more  highly,  thereby  favoring 
the  reflex  secretion  of  gastric  juice. 

If  the  feeding  is  delayed  for  longer  than  half  an  hour,  the  bitters 
are  quite  ineffective.  Somewhat  larger  doses  are  also  without  action; 
whilst  still  larger  doses  actually  diminish  the  secretion,  this  effect  last- 
ing for  several  days.     (Strashesko.  1905). 

Hoppe  (1905)  adduces  some  evidence  that  the  presence  of  the  bitter 
substance  in  the  stomach  also  sets  up  a  reflex,  increasing  the  flow,  and 
generally  the  acidity.  With  condurango,  the  increased  flow  is  especially 
marked,  but  the  acidity  is  not  raised,  Orexin  was  effective  in  chronic 
gastritis  with  hyperacidity,  but  had  no  action  on  the  normal   stomach. 

Bitters  and  aromatics  are  also  tnarkedl^  antiseptic,  and  may  there- 
fore influence  digestion  favorably  by  limiting  putrefaction  and  abnor- 
mal fermentation. 

A  further  action  of  stomachics  (both  bitters  and  aromatics)  which 
may  be  concerned  in  their  therapeutic  action,  is  that  they  increase  the 
leucocytes  of  the  blood.  (Hirt,  Binz,  Pohl).  The  theory  has  been 
advanced  that  these  leucocytes  play  a  role  in  intestinal  absorption. 
(Hofmeister.  1887). 
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Very  similar  results  are  obtained  by  alcohol  and  by  the 
various  condiments  —  salt ;  acid,  as  in  vinegar ;  sharp,  as  in 
mustard,  etc. 

The  use  of  these  substances  dates  from  the  most  ancient 
times,  and  the  "  spices  of  the  orient  "  have  played  a  con- 
siderable role  in  the  commercial  history  of  the  globe.  The 
bitter  substances  have  held,  and  still  hold,  a  very  promi- 
nent place  in  popular  medicine.* 

Their  vaai  may  be  summarized  as  follows : 

1.  To  modify  or  improve  the  taste  of  food  or  medicines; 
also  to  obscure  a  "  bad  taste  in  the  mouth." 

2.  To  increase  digestion  in  cases  of  overeating,  either  by 
overindulgence  in  the  pleasures  of  the  table,  or  when  it  is 
desired  to  subject  a  patient  to  "  forced  feeding."  In  the 
latter  case  they  act  as  tonics. 

3.  To  increase  appetite,  from  whatever  cause  this  be  de- 
ficient. 

4.  To  improve  digestion  in  all  kinds  of  "  atonic "  dys- 
pepsias. 

5.  As  antemetics. 

Stomachics  are  always  administered  half  an  hour  or  an 
hour  before  meals.  If  there  is  a  catarrhal  condition, —  i.  e., 
a  subacute  or  chronic  inflammation, —  the  tannm  of  the 
astringent  bitters  is  apt  to  be  very  useful.  Ordinarily  it  is 
not  so.  It  must  be  especially  avoided  when  the  bitter  is  to 
be  prescribed  with  iron,  since  this  makes  an  unsightly  mix- 
ture. Tannin-free  are  the  simple  bitters  and  the  majority 
of  the  aromatic  bitters.  Pharmacists  have  attempted  to 
prepare  "  detannated  tinctures."  by  precipitating  the  tannin 
with  iron,  gelatin,  hide,  etc.  But  so  far  these  are  not  very 
successful. 

What,  if  any,  differences  exist  between  bitters  and  aro- 
matics  is  not  known.  It  has  been  found,  however,  that 
their  action  and  taste  can  be  greatly  improved  by  judicious 
blending,  as  in  the  compound  bitters. 

Tn  this  class  of  stomachics  comes  properly  a  new  synthetic  com- 
pound, Orexin.  Its  tannate  is  practically  tasteless  and  insoluble,  and 
jret  it  is  said  to  exert  a  very  pronounced  action  in  increasing  appetite 
ind  digestion,  somewhat  like  the  group  just  discussed.  It  also  prevents 
the  distress  which  follows  the  eating  of  certain  substances  —  such  as 
radishes,  etc. —  in  individuals  who  have  an  idiosyncrasy  against  them. 
Tiote:  0.1  to  04  Gm.  {2  to  6  grains)  in  powders,  before  meals.  It  is 
■  Abont  a  laith  of  the  intilicinci  nentiontd  by  Hippocrslea  belong  to  the  elm 
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I  gastritis.    The  clinical  results 

(B)  CARMINATIVES. 

This  class  comprises  certain  aromatic  oils  exerting  an 
irritant  action  upon  the  stomach  intestine,  being;  somewhat 
speciBc  in  causing  the  expulsion  of  gas  rather  than  of  fluid 
or  solid  contents.  Since  they  are  also  antiseptic,  they  are 
especially  useful  in  abnormal  fermentation,  removing  at 
once  the  discomfort  caused  by  the  gas,  and  checking  the 
growth  of  the  bacteria  which  give  rise  to  it.  They  also 
form  useful  addition  to  laxative  mixtures,  since  they  dimin- 
ish the  "  griping." 

MATERIA  MEDICA  OF  STOMACHICS  AND  CARMINATIVES. 

The  number  of  bitter  substances  and  carminatives  is  so  excessively 
large  that  space  will  permit  of  the  enumeration  of  only  the  most  im- 
portant.   They  will  be  subdivided  as  in  the  text 

I.  Simple  Bttters. 

(i.  e.,  practically  free  from  aromatic  oils  or  tannin).    Can  be  mixed 

with  water. 

The  tinctures  have  for  the  most  part  a  strength  of  20%.    The  doses 

are  those  of  the  U.  S.  P.     (Tinctures,  4  c.c  =  i5;  fldexEs.,   i  c.c  = 

15  TTl.) 

The  pure  alkaloids,  especially 

Quinin  Sulphate,  aos  Gm.   (i  r .  ,.  ^ __ 

(%,  grain)  ;  Berberin  sulphate,  o.i  to  0.3  Gm.   (2  to  5  grains). 


Quinin  Sulphate,  aos  Gm.   (i  grain)  ;  Strychnin  Sulphate.  O 
(,'/m  grain)  ;  Berberin  sulphate,  o.i  to  0.3  Gm.   (2  to  5  grains) 

Caliiroba    (U.S.P.,    B.P.).— Colombo.— The    root    of   Jateorrhiia 
palmata,  Menispermacex.     Eastern   Africa;  cultivated  in  East   India 

preparations: 

Fluidextractttm  Calutnba   (U.S.  P.).— Dose:  2  c.c.^30  IR. 

TinclMra  Calumba  (U.S.P..  B.P.).— ao%.    Dose:  4  c.c.=  i  5. 

Infusum  Calumba     iB.P.).— Dose:   15  to  30  c.c.   (Yi  to  i   oi.). 

Qentiana'  (U.  S.  P.).— G^nfMnt.— The  root  of  Gentiatia  litlea,  Gen- 
tianex.    Switzerland.    Gentiopicrin,    ChHhC^;    Genliin,    CdHdOk. 
Preparations: 

Extroctum  Genliana   (U.S.  P.,   B.  P.).— Pilular.     Used  as  pill  ex- 
dpient.    0,25  Gm.  =4  grs. 

Fluidextraclum  Gentians  {U.S.  P.).— Dose:  I  c.c.^15  m. 

Tinclura   Gentians   Composila    (U.  S.  P.,   B.P.).— 10%;   with   Bitter 
Orange  Peel  and  Cardamon.    Dose;  4  c.c.^iS. 

Elixir  Gentiana  (N.  F.).— 3.5%;  detannated  by  iron.    Dose:  8  to  30 
c.c.  (2  to  8  drachms). 

Infusum    Gentianif    Composilum     (B.  P.).— Contains    Bitter    Orange 
Peel  and  Lemon  Peel.    Dose:  15  to  30  c.c.  (34  to  i  01.). 

Qiuula  (U.  S.  P.,  B.P.). —  The  wood  of  Picrana  excelsa,  Simaru' 
beie.    Jamaica. 

■Gentian  contatn*  1  iniill  Birwunt  of  Tannin;   not  caonEti  to  mike  it  utrin. 
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-Powdered.     Dose:    ao65    Gm,=: 

Fi*udexlTtKtum  Quassia  (U.  S.  P.).— I'ow:  0.5  c.c  =  8  m,. 
Tinctura  Quassia   (U.  S.  P.,  B.P.).— 20%.     Dost:   2  c.C.  =  30  %. 
InfnsMM  Quassia  (B.P.).— 1%  in  cold  water.    Dose:  15  to  30  ta 
(H  to  I  o«.>. 

Liquor  Quoista  Concentratus  (B.  P.).— 10%.    Dose:  2  to  4  c.  c.  (H 
to  I  dracnni}. 

CUraU    (US.P.,    B.P.).— The  entire   plant  of  Swertia  CInrata, 
Geatianex.    Northern  India. 
Preparations: 
Fluidexlraclum  Chtrata    (U.S.  P.).— Dose:   1  cc.  =  i5  Til. 
Tinftmra  Chdrata    (B.P.).— 10%.    Dose:  2.0  to  8.0  c.  c.    (14  to  3 
drachms). 

Litptor  Chiroia  Concentratus  (B.P.).— 50%.    Dose:  2  to  4  c.c.  (J^ 
to   1    drachm). 
itifusum  Chirata  (B.  P.).— 5%.    Dose:  15  to  30  c.c.  (H  to  1  01.), 
TxTrnjuicuni  (U.  S,  P^  B.  F.).—DaHdeIioH.—  The  root  of  Taraxacum 
olScinale,  Composite.    Temperate  zone. 
Preparations: 

Extraclim  Taraxoci  (U.  S.  P.,  B.  P.).— Pilatar.     As  piit  excipient 
1  Gm.^rs  grs. 
Fluidexlraclum  Taraxaci   (U.  S.  P.,   B.P.).— Dose:  8  c.c.=25. 
Elixir  Taraxaci  Composifum  (N.  F.). —  With  aromatics.    As  flavor. 
Succus  Taraxaci  (B.P.). —  Dose:  4  to  8  cc.  (i  to  2  drachms). 
XanUioxylum    (U  S.  P.)-— PncA/y  ^*A.— The  hark  of  X.  ameri- 
tanum  and  X.  Clava-Herculis,  Ruiacex;  North  America.    It  contains 
berberir.,  and  acts  as  a  bitter. 
The  Huidextract  is  official   (U.  S.  P.).    Dose:  2  c.c.  =  30  IR. 
Berbcria    (U.  5.  P.).— The    rhizome    and    roots    of   B.    aquifoltttm 
and  other  species,  Berberidacea.    North  America.    Berberin  QiHnNOi 
(intensely  yellow). 
Fluidextr.  Berbertdis.   (US.P.).— 2  c.c.  =  30  HI- 
Nnx  Vomica.— See  Index. 

II.  AstrinceDt  Bitteri. 

With  these,  lannin  is  a  prominent  ingredient,  whilst  volatile  oils 
aie  present  only  in  small  quantity,  if  at  all.  The  preparations  can  be 
mixed  with  water. 

Cucarilla  (B.P.).— The  bark  of  Croton  Eluleria,  Euphorbiaces. 
Bahama.    Doie:  a6  to  2.0  Gm.  (10  to  30  grains). 

iHfusum  Cascarilla  (B.P.).— 5%.  Dose:  IS  to  30  cc  (M  to  I 
01.). 

Tinctura  Cascarilbt  (B.P.).— 20%.  Dose:  2  to  4  cc  {Vi  to  I 
drachm). 

Cinchona.- See  Index. 

*  Condurango.— The  bark  of  Marsdenia  Condurango,  Asclepiadex. 
Eccador.    Said  to  have  a  specific  effect  in  carcinoma  and  ulcer  of  the 
stomach. 
Prtparations: 

* Fluidextraclum  Condurango.—  Dose:  1.0  to  I.S  c.c.  (iS  to  25 
■nininii). 

*yiHnm  Condurango. —  i  :  10.     Dose:  4  c.  c.  (1  drachm). 

Serpentaria  (U.S.P.,  B.P.).~yirginta  Snakeroot.- The  rhizome 
and  roots  of  Aristolochia  Serpentaria  and  of  A.  reticulata,  Aristolochia- 
CM.    United  Stales. 

Sradr  Mall 
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Preparations: 
Fluidextractum  Strpentaria   (U.S.P.). —  Dote:   i   ct  =  i5  H- 
Tinclura  Serpenataria  (XJ.S.P.,  B.P.).— »%.    Dote:  4  tc.  =  i5 
Liquor  Serpenlariae  Concentratus  (B.  P.). —  50%-    Dote:  2  to  4  cc 

(^  to  t  drachm). 
Cimkifiiga    (U.S.  P.,    ^.V.).— Black  Snakeroot,   Blaei   Cokotk- 

The  rhizome  and  roots  of  Cimictfuga  racemota,  Ranunculaceae.    North 

America. 

Preparations  (made  with  stroti^  alo^ol  and  not  miscible  with  water) : 
Extractum  Cimicifugs   (U.S.P.). —  Powdered.     Dose:  0.2$  Cib.= 


'S 


Fluidextractum  Cimicifugie  (U.  S.P.,  B.  P.).— Dose:  i  c.c.  =  isH- 
Tinctura  Cimidfugts  (U.S.P.,  30%:  B.  P,  10%).— Dost:  4  c.c  = 

15. 
Caapvic   Cortex    i'B.V.).—  AHgoslura  Bark,   CuspaTia.—  'Vht  bark 

of  Cusparia  febrifuga,  Rutacex.    Tropical  South  Ainerica.    Dose:  a& 

to  2.5  Gm.  (10  to  40  grains). 

III.  Aromatic  Bitters. 

These  contain  both  aromatic  oils  and  bitter  principles,  but  no  tan- 
nin. Their  alcoholic  preparations  cannot  be  mixed  with  water  witiwot 
turbidity  (or  filtering). 

Calamus   (Xi.S.'P.).-~Suvet  Flag,— T:)\t  rhizome  of  Acort  Cdt- 
mus,  Aroidex.    Europe  and  North  America, 
Preparations: 

Fluidextractum   Calami   (U,  S.  P.). —  Dose:   I   c.c=is  m. 

Anrantli   Amari  Cortex    (U.S.  P.)    [AuroHlii  Cortex  Siccahu  aiti 
Recens,  B.  P.].— BiHcr  Orange.— Tht  nnd  of  the  fruit  of  Citr*s  «*■ 
^aris  {Citrus  Aurantium,  var.  Bigaradia,  B.  P.),  Rutacex.    Cultimwl 
m  subtropical  countries. 
Preparations: 

Fluidextractum  AurantH  Amari  (U.S.P.). —  Dose:   i  cc  =  iS  *■ 

Tinciura   Aurantii  Amari    (U.S.  P.,    B.  P.). — ao%.    Dose:    4  <■«■ 

Infusum  Aurantii  (B.P.).— s%.    Dose:  15  to  30  c.c.  (J4  W  i  «■'■ 
Infusum    Aurantii    Compositum     (B.  P.)    contains    other   aromatiK- 

Dose,  as  the  infusion;  also  enters  into  Syrupus  Aromaticus,  Sjr.  Ao- 

rantii,  and  Vin.  Aurantii    (B.  P.), 

*  Abslnthiom.— ({^(^rmu'ooif.— The  leaves  and  tops  of  ArtemiM 
Absinthium,  Composite.    Europe. 

Preparations: 

*Oleum  Absinthii.— Prep,  by  distillation.  Dose:  aos  to  ai  tc  (i 
to  2  drops). 

*  Infusum  Absinthii.— 1  ■  16.    Dose:  30  to  60  c.  c.  (5J  to  ij>. 

*  Absinthe—  A  liqueur  consisting  essentially  of  a  solution  of  the  ?" 
in  alcohol,  of  a  strength  of  about  50%,  with  the  addition  of  aronwtio 
and  coloring-matter.  Ordinary  amounts  have  effects  analogom  W 
those  of  alcohol,  but  if  taken  in  excessive  quantities,  tt  induces  nwo 
and   epileptiform  conditions. 

■Achillea.— yorrou'.— The  herb  of  Achillea  millefolium,  Canpos>- 

tje.     Northern  temperate  lone.     Dose:  2  lo  4  Gm. 
Hurontus. —  Also  acls  as  bitter.    For  Materia  Medica  see  Indnt 
•Panax. —  Ginseng, —  The  root  of  Panax  tjuinquefolium,  Arili)«*p 

very  highly  valued  by  the  Giinese,  belongs  to  this  series.    So  do  oAff 

species  of  Panax  and  Aralia. 

*  Ndi  olBcid. 
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IV.  Other  "  Bitters "  Used  in  Domettlc  Medicine 

are  the  following:  Cnicus  Arvensis,  .£sculu3  glabra,  Agrimonia  Eupa- 
loria,  Plant^o  major,  Scrophularia  nodosa.  Lappa  ofEcinalis,  Adiantam 
pedatom,  Coptis  trifolia,  Eupatorium  iHirpureiun,  Fraxinus,  Viburnum 
prunifolium,  Sarracenia  purpurea,  Saxifraga  Peiuisylvanica,  Pent- 
stemon  pubescens,  Cynoglossum  officinale,  Asimlna  triloM,  Menisper- 
mum  Canadense,  Gratiola  virginica,  Dtpsacus  sylvestris,  Cephalanthus 
ocddentalis.  Ambrosia  bidentata,  Geum  rivale,  Lycopus  Virginicus, 
Mcnyanthes  trifolia,  Polyporus  officinalis,  Prinos  verticillata,  Sabbatia 
campestris,  Scutellaria  latifolia.  Simaruba  officinalis,  Marrubium  vul- 
garc,  Berberis  vulgaris,  Boldoa  fragrans,  Chondrodendron  tomentosum, 
Frasera  Carolinensis. 
These  possess  no  advantage  over  the  other  Bitters. 

V.  Componnd  Bitters. 

The  taste  and  effect  of  bitters  may  be  greatly  enhanced  by  a  proper 
blending.  Indeed,  these  compound  preparations  almost  always  deserve 
the  preference.    The   official  mixtures  have  already  been  mentioned, 

Tinehtra   Genitalia   Composila    (U.  S.  P.,   B.  P.). —  See   under   Gen- 

'%ixw  Aromaticum.  (U.  S.P.).— See  Index. 
Also  the  National  Formulary : 

Elixir  Gentiana   (Detannala), —  See  Index. 
To  these  may  be  added  r 

'Tinclura  Amara   {'ii.¥.).—  Dose:  4  to  8  c.  C.   (l   to  2  drachms). 

*Vinum  Aurantii  Composilum  (N.F.). —  Dote:  5  to  i5  c  c.  <2  to  4 
drachms). 

VI.  Aromatics,  Carmittatlves,  and  Condiment!. 

These  have  been  largely  discussed  in  connection  with  other  ^oup«, 
especially  under  the  aromatic  flavors  (Chapter  VI)  and  organic  irri- 
tants (Chapter  XXIX),  and  may  be  consulted  through  the  Index. 
The  cmde  drugs  are  used  as  powders  or  infusions,  0.3  to  I.5  Gtn. 
(S  to  25  grs.)  ;  the  dls,  0.05  to  0.3  c.  c.  (i  to  5  ^) !  tlie  Spirits  or 
tinctares,  1.  to  4.  cc.  (30  to  60  His). 
The  most  important  are : 

Sptr.  Mentha  Pip.—  2  c.  c.  =  30  V\,. 
Tinct.  Zingiberis. —  2  c.  c.  =  30  ni. 
Tinct.  Cardamomi  Co. — 4  c.c.^iS. 
Pil.  Asafcelida.—  One  pill. 
The  following  drugs  and  their  preparations  may  be  used  as  car- 
minatives (alphabetical  arrangement}: 

Amthum  (Dill).— Oleum.  Caryophyllvs   (Qoves).— Oleum. 

Anisum  (Anise).— Ol.  Spir.  Cinnamomum.—  Oleum.      Spir, 

Asafatida.—  T\nc.   Emuls.   Pil.  Tinct.     Aqua.     Pulvis  Aromati- 

Camfhor.—  Spir.  cus.     Fluidext.  Arom. 

Co^rtram,— Oleoresin,  Tinct.  Cortandrum. —  Oleum. 

Cardamomum. —  Tinct.   and  Tinct      F<emculum     (Fennel).— 01  eum, 

Cardam.  <^.  Aqua. 

Carum  (Caraway).— Oleum. 
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*  Go/flrtga.— Tuber  of  Alpinta  of-      Piper    (Black    Pepper).— Oleore- 

ficinorum,  Scitaminefc,  China.  sina.    30  mg.  =  J4  gr 

Hedeoma   (Pennyroyal).— Oleum.  fiA^rtM, Ci.Hi.NOt    Paleyel- 

*lHicium  (Star-Anise).  low  crystals,  insol.  in  water, 

\Mitm  (Mace).  sol.    in    15  alcohol.     Dose: 

Mentha  Pifenia   (Peppermint).—  0.2  Gm.  =  3  era 

Oleum.    SpirituB,  ^owo/raj.— Oleum. 

Menlha     Viridis     (Spearmint).—      Valeriana.— Tma.      and      TincL 

Oleum.    Spiritus.  Valerian.    Ammon. 

Mynsttca     ( N  utmeg)  .—  Oleum.      •  Zedoaria.—  Tuber    of    Curcuma 

Spiritus.  Zedoaria,  Scitamineae,  India. 

WytTAa.- TincL  Zingiber    (Ginger).— Tinct.    Fld- 

Pimenla   (Allspice).- Oleum.  ext.  Syrup.  Oleoresin.  Trochisc. 

The  following  mixtures  may  be  taken  as  types: 

*Mislura  Magnesia  el  Asafatidar  (N,  F.).— Magnesium  Carbonate 
5%,  Tinct.  Asafetida  7-S%,  Tinct.  Opium  1%.  Doie-'  2  to  8  cc  t>i 
to  2  drachms), 

•  Tinclura  Capsici  el  MyrrluF  (N.  F.).— Capsicum  3%,  Myrrh  12.5%, 
Dose:  0.6  to  2  c.  c.   {10  to  30  minims). 

*ChloTodyne  (for  colic).— See  Mist.  Cblorof.  et  Cann  Ind.  Co., 
N.  F.,  and  Tinct.  Chlorf.  et  Morph.  Co.,  B.  P.,  page  442. 

(C)  VEGETABLE  CATHARTICS. 
I.  MANNER  OF  ACTION. 

All  vegetable  irritants  increase  peristalsis  when  taken  by 
mouth.  However,  those  which  have  been  classed  as  cuta- 
neous irritants  produce,  when  taken  internally,  a  more 
marked  effect  upon  the  stomach,  leading  to  vomiting;  others 
act  more  specifically  as  carminatives;  while  still  others  tend 
to  produce  nephritis.  These  cannot  be  used  in  practice  to 
affect  peristalsis.  The  term  "  vegetable  cathartic  "  is  there- 
fore restricted  to  those  which  irritate  the  intestine  in  a 
somewhat  specific  manner,  with  a  much  lesser  action,  if 
any.  on  skin,  stomach,  or  kidneys. 

The  reason  for  this  peculiar  limitation  of  their  irritant 
action  to  the  intestinal  canal  depends  upon  their  solubility 
or  on  certain  phenomena  of  decomposition,  both  brought 
about  by  the  alkaline  reaction  of  the  intestine. 

Thus,  castor  oil  and  croton  oil  become  active  only  when  their  fatty 
scids  are  liberated;  croton  oil  contains  some  free  acid  and  is  there- 
fore pustulant  also  on  the  skin.  The  group  of  "resins"  are  insoluble 
in  water,  but  are  decomposed  and  dissolved  by  alkalies. 

The  bile  seems  to  be  necessary  for  the  activation  of  many  of  the 
i  cathartics,  the  following  being  relatively_  or  quite  ineffective 
ibsence:  gamboge,  podophyllum,  convolvnlin,  jalap,  and  scam- 

1    (Buchheim   and   Stadelniann).     The   bile   acts  presumably  by 

increasing  the  solubility.    Rhubarb  and  senna  are  active  in  the  alnencc 
of  bile. 
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A  relatively  mild  irritation  suffices  for  active  catharsis.  None  of 
the  vegetable  cathartics  are  at  all  corrosive;  and  even  toxic  doses  cause 
necrotic  changes  only  as  the  result  of  excessive  inflamniation.  The 
irritation  is  confined  to  the  intestinal  tract;  the  stronger  cathartics 
escaping  absorption,  whilst  the  milder  laxatives  would  scarcely  be 
irritant  even  if  absorbed.     There  is  consequently  no  danger  of  nephritis. 

The  inflammatory  action  usually  affects  only  the  sensory  . 
endings  which  have  to  do  with  the  setting-up  of  peristaltic 
impulses ;  but  the  action  may  extend  deeper,  and  involve  the 
muscles,  etc.  The  result  of  the  irritation  is  an  increased 
peristalsis,  with  consequent  hyperemia.  If  the  irritation  is 
violent,  it  also  produces  pain  (colic  or  "  griping  "). 

The  quickened  peristalsis  will  cause  expulsion  of  the 
intestinal  contents  before  there  is  time  for  the  absorption 
of  liquid  which  normally  occurs  { especially  from  the  large 
intestine).  The  stools  are  consequently  soft  to  semifluid 
or  liquid,  according  to  the  violence  of  the  peristalsis. 

It  follows  from  this,  that  with  moderate  doses  the  fluid  of  the  stools 
is  not  derived  from  the  tissues ;  none  the  less,  these  become  drier, 
since  they  are  prevented  from  replacing  the  water  lost  by  the  urine  and 
respiration. 

The  anthracene  cathartics  do  not  cause  any  secretion  of  fluid,  even 
when  large  doses  are  given  (Thiry,  Brieger,  Flemming)  ;  but  large 
doses  of  the  resinous  cathartics  cause  the  effusion  of  an  inflammatory 
exudate  into  the  intestine. 

The  anthracene  and  resinous  cathartics  also  increase  peristalsis  if 
they  are  injected  lubcutaueously  or  intravenously;  the  resin-group  is 
even  more  active  by  this  channel.  The  action,  however,  is  even  then 
a  local  one,  the  constituents  being  excreted  into  the  intestine.  The 
cathartics  are  not  administered  in  this  manner,  in  practice,  since  the 
injection  would  be  painfully  irritant ;  the  effects  are  also  more  easily 
controlled  when  the  drugs  are  given  by  mouth.  The  isolated  prin- 
ciples are  not  used,  since  the  preparations  of  the  crude  drug  produce 
a  more  certain  and  more  extensive  effect. 

This  is  due  to  the  fact  that  the  principles  are  to  some  extent 
soluble  and  absorbable.  They  therefore  irritate  the  stomach  and  often 
do  not  reach  the  inlestinal  canal.  In  the  crude  drugs  they  are  pro- 
tected Iw  the  presence  of  various  colloid  substances  which  prevent 
their  irritant  action  and  solution.  For  this  reason,  they  reach  the  in- 
testine without  very  much  change,  and  since  they  remain  here  for  a 
longer  time,  may  develop  their  full  action. 

11.  CLASSIFICATION. 
The  vegetable  cathartics  may  be  divided  into  three  phar- 
macologic groups : 

(A)  The  Neulra!  Oils: 

These  include  Croton  Oil  and  Caster  Oil 

(B)  The  Anthracene  Derivalives.—  Emodin,  caihartin,  chrysarobin, 
and  their  acids. 
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These  are  the  active  principles  of  Senna,  Rhtibarb,  Rhamnus, 
Catcara  Sagrada,  Aloes. 
(C)   The  RetinoHS  Anhydrids: 

Jalapin,  Scammonin,  Eialerin,  Podophyllin,  Colocynlhin,  Gam- 
boge, Euonymin. 

(A)  The  Keatral  Oilt. —  Croton  OH. —  The  active  irritant 
principle  of  this  is  a  fatty  acid  —  croionoleic  acid.  In  the 
oil  this  exists  mainly  in  the  form  of  a  glyceric!,  which  is 
entirely  inactive.  Some,  however,  is  free,  so  that  the  oil 
acts  as  a  very  strong  irritant  in  any  situation.  On  the  skin 
it  produces  pustulation.  In  the  intestine,  the  glycerid  is 
split  like  any  other  fat,  and  the  liberated  acid  may  develop 
its  action  to  the  fullest  degree,  and  is  a  most  violent  "  dras- 
tic "  purgative. 

Oleum  Tiglli  (U.S.  P.)  [01.  Crotonia,  B.  P.I.— Crolofi  Ot/.— A 
fixed  oil  expressed  from  the  seeds  of  Croton  tiglitim,  Euphorbiacese. 
India  and  Philippines,  Soluble  in  60  parts  of  al(>3hol.  Should  be  at 
least  two  years  old.  Dose:  0,015  lo  0.12  c.  c.  (Ji  to  2  drops),  on  a 
lurap  of  sugar,  slice  of  bread  or  of  lemon   (0.05  cc.  =  i  m,  U.  S.  P.). 

LinimeHtum  Crotonis,  B.  P.    (see  p,   719.) 

Castor  Oil  contains  the  glycerid  of  an  analogous  acid  — • 
ricvttolic  acid;  the  action  of  this  is  similar  to  that  of  cro- 
tonolic  acid,  but  very  much  less  violent.  Since  it  does  not 
exist  at  all  in  free  form  in  the  oil,  this  is  perfectly  bland  and 
non-irritant  to  the  skin  or  stomach. 

In  China  it  is  used  as  an  article  of  diet.  The  properties  of  Castor 
Oil  were  known  to  Herodotus ;  but  Croton  Seeds  were  first  described 
in  the  middle  of  the  sixteenth  century. 

Oleum  RicinI  (U.  S.  P.,  B.P.).— Ciwlor  Oi7.— A  fixed  oil  expressed 
from  the  seeds  of  Ricinus  commums.  Euphorbiacez.  Cultivated.  Sol^ 
lible  in  an  equal  volume  of  alcohol.  Dose:  8.0  to  6ao  c,  c,  (ii  to  3  oz.) 
(i6c.c.  =  43.  U.S.P.), 

The  taste  of  castor  oil  is  very  nauseant  to  many  persons.  It  is  then 
best  administered  in  the  form  of  capsules, 

Mislura  Oiei  RicitU  (B.  P,). —  A  40%  emulsion  flavored  with  Orange 
Flower  and  Cinnamon.    Dose:  30  to  60  c.c.  (i  to  2  oz.). 

(B)  Anthracene  Derivatives: 

The  drugs  of  this  group  (Senna,  Rhubarb,  Cascara, 
Aloes)  owe  their  activity  to  a  series  of  substances,  mostly 
glucosidal,  which  yield  oxymethyl-anthraquinon  by  hydrol- 
ysis or  by  oxygenation  in  alkaline  solution  (Buchheim, 
Tschirch) .  It  is  these  decomposition-products,  and  not  the 
original  constituents,  which  exert  the  cathartic  action.    The 
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more  important  mother-substances  are  emodin,  chrysophanic 
acid,  chrysarobin,  and  in  aloes,  aloin.  These  are  all  deriva- 
tives of  anthracene,  CnHio-  Chrysophanic  acid  and  chrys- 
arobin are  entirely  too  irritant  to  be  available  as  cathartics ; 
in  the  drugs,  their  action  is  tempered  by  the  presence  of 
colloid  extractives.  Their  decomposition  occurs  but  slowly, 
so  that  these  cathartics  have  a  rather  long  latent  period. 
The  action  never  progresses  to  inflammation,  which  makes 
these  drugs  especially  valuable  when  the  purgative  is  to  be 
taken  habitually.  Their  action  is  mainly  on  the  large  in- 
testine (Buchheira;  Tappeiner  and  Brandl.) 

Emodin  is  probably  the  most  important  of  these  principles.    It  ts 

present  in  the  amount  of  0.8  to  I. %  in  senr       "  ""   '     ' '" 

in  cascara;  0.8%  in  Cape  aloes;  and  1.5%  i 
Hiepe), 

The  drugs  containing  emodin  color  the  h: 
it  is  acid,  reddish  or  violent  when  alkalin 
acquaint  the  patient  with  this  fact.' 

Senna  (U.  S.  P.).— The  leaflets  of  Catsia  acutifoHa  [Senna  Alex- 
■ndriiu,  B.  P.]  (Alexandria  Senna)  or  Castia  auguslifolia  [Senna 
Indica,  B.  P.]  (India  or  Tinnevelly  Senna).  Leguminosx.  Eastern 
and  Central  Africa  and  India;  cultivated.  Dose:  5  to  ij  Gm.  (i  to  4 
drachms)  (4  Gm.  =  i3,  U.S.  P.).  The  leaflets  of  the  Indian  senna 
are  much  longer  than  those  of  the  Alexandria  variety. 

Senna  produces  considerable  griping.  This  may  be  almost  abolished, 
vithout  greatly  reducing  the  strength  of  its  action,  by  first  exhausting 
it  with  strong  alcohol. 

Fluidextr.  Senna  (U.  S.  P.)  is  made  in  this  manner.  Dose:  3  c.  c 
=  30  111. 

The  stools  occur  about  five  to  twelve  hours  after  its  administration. 

The  best  preparation  is  an  extemporaneous  infusion.  This  must  not 
be  boiled  very  long,  else  the  activity  suffers. 

The  following  are  official: 

Iiifusum  [Mistura,  B.  P.]  Senntt  Comfosilum  (U.  S.  P.,  B.P.). — 
(Black  Dravght.)  Dose:  120  c.c=43,  U.  S.  P.  An  excellent  prep- 
aration. 

Contains  per  cent.:    Senna  6,   Manna   12,   Magnes.    Sulph.    12, 

Pulvis  Glycyrrhiza  Compositus  (U.  S.  P..  B.  "P.). —  Compound  Lico- 
rice Powder,  Dose:  2  to  S  Gm.  {Yi  to  2  drachms)  stirred  in  water 
(•4  Gm.  ^  I  3,  U.  S.  P.) 

Contains  per  cent.:    Senna  18,  Sulphur  8,  and  Glycyrrhiia,  Oil 
of  Fennel,  and  Sugar. 
Confeetio  Senna  (U.S.  P..  B,  P.).— Contains  per  cent.:    Senna  to. 
Cassia  Fistula  16.  Tamarind,  Prune,  and  Coriander.    Dose:  4  to  8  Gm. 
(i  to  2  drachms)   (4  Gm.  =  60  grs.,  U.S.  P.). 

r  rfmei   ahich   elungc  llu  tutor  of  Ike   uriae  art:     Log- 
^-  _.."   _^i^_  __-j  .^S —    v.... J — jj:-u  ^jp  violet 
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Symptu  Senntr  (U.S.P,,  B.  P.).— ConUins  as%.    Dote:  4  c.c.= 

1  3  (U.S.?.). 

Infuium  Sennm   (B.P.),— 10%;   flavored  with  Ginger.     Dost:   15  to 
30C,C.   (/i  toi  07). 
Liquor  Senna  Concentratui  (B.  P.). —  50%;  contains  Ginger.    Dose: 

2  to  4  c.c.  (14  to  t  drachm). 

Tinctura  Senn<B  Composiia  (B.  P.), —  30%;  with  Aromaties.  Dose: 
2  to  4  C.C.   (!4  to  I  drachm). 

*Species  Laxantes  (N.F.)  (St.  Germain  Tea).— Per  cent.:  40 
Senna,  10  Cream  of  Tartar;  Elder  flowers.  Fennel,  and  Anise.  Dose: 
4  to  15  Gm.  (i  to  4  drachms),  as  infusion. 

Caasia  FUtula  (U.  S.  P.)  [C»al«  Pulpa.  B.  P.]— The  fruit  of 
Cassia  Fistula,  Leguminosjc.  East  India.  Dose:  4  Gm.=:i3  (U.  S.  P.). 

Rheum  (U.S.P.)  [Rbel  Radix,  B.P.].— Rhubarb.— The  rhizome 
of  Rhium  officinale,  palmalum,  and  other  undetermined  species.  Po- 
lygonaceae.  China;  cultivated.  (The  species  of  Rhubarb  cultivated  in 
this  country  arc  devoid  of  cathartic  properties.) 

The  Russian  Rhubarb  was  exported  via  Russia,  whilst  the  so-called 
Chinese  or  East  India  Rhubarb  comes  by  water. 

Records  of  the  use  of  rhubarb  in  China  date  back  to  2700  B.C. 

The  prineipat  constituents  are  the  cathartic  principles:  Chrysophamc 
Acid,  CuHnO.  (arises  from  chrysophan,  C!iiH»On,  when  the  root  is 
boiled)  ;  Emodin.  CiJIioOj;  Rhein,  CuHioOt.  (Note  the  close  relations 
in  the  composition  of  these  principles.)  Bitter  Resins:  Erythroretin, 
Phseoretin,  and  Aporetin;  Rheotannic  Acid;  Rheumic  Acid;  Calcium 
Oxalate,  Starch,  Sugar,  Pectin,  etc.     (Tschirch  and  Heuberger,  igoa). 

Whilst  the  active  principles  show  a  general  similarity  with  those  of 
senna,  certain  of  its  constituents  modify  its  action.  The  rheotannic 
acid  tends  to  produce  a  secondary  constipation.  The  bitter  resins 
give  It  a  stomachic  action.  On  this  account,  and  also  because  its  taste 
is  less  disagreeable,  it  is  preferred  to  senna  for  convalescents.  It 
also  produces  less  colic,  and  is  generally  milder.  It  acts  in  eight  to 
ten  hours. 
Preparations: 

Pulvis  Rhci  Compositus  (U.S.P.,  B.  P.).— (Gr^gory'j  Powder.) — 
Rhubarb,  35 ;  Magnesia,  65 ;  Ginger,  10.  Dose:  2  Gm.  =  y>  grs., 
U.  S.  P. 

PHuUe  Rhei  Composits  (U.  S.  P.).— Each  contains:  Rhubarb,  0.13 
Gm.  (2  grains)  ;  Aloes,  0.1  Gm. ;  Myrrh,  0.06  Gm. ;  and  Oil  of  Pepper- 
mint.   Dose:  as  stomachic,  1  ;  as  purgative,  2  to  4. 

■     Pil.  Rhei  Composita   (B.P.)    contains   the  same  ingredients.     Dose: 
0.2s  to  0.5  Gm.   (4  to  8  grains). 

Exlractum  Rhei  (U.S.P.,  B.P.).— By  evaporation  of  fluidexL  to 
pilular  (MMisistence.    Dose:  0.25  Gm.  =  4  grs.,  U.  S.  P. 

Infusum  Rhei  (B.P.).— 5%.    Dose:  15  to  30  c.c.  ('4  to  i  ot). 

Fhidexlracliim  Rhei  (U.S.  P.).— Four-fifths  alcohol.  Dost:  i  to 
4  C.C.  (J4  to  1  drachm)    (i  c.c.  =  is  ni,  U.S.P.). 

Liquor  Rhei  Concentralvs  (B.P.).— 50%.  Dose:  lt04C.c.  (^  to 
1  drachm). 

Tinctura  Rhei  (U.  S.  P.).— 30%.  Cardamom.  4%-  Glycerin  and 
two-thirds  alcohol.     Dose:  4  c.  c.=  1  3.  U.  S.  P. 

Tinctura  Rhei  Aromaiica  (U.S.P.,  30%;  B.  P.,  10%) .— Aromaties ; 
one-halt  alcohol    Dose:  2  c.c,  =  30  m,  U.S.P. 

Syrupus  Rhei  Aromalicus  (U.S.P.). —  Aromatic  Tincture,  t;  Synip, 
5J4.    Do«.- 8  c.c.  =  2  3,  U.  S.  P. 

Mistura  Rhei  et   Soda    (U.  S.  P.).— Sod.  bicarb.,  3.5%;    Fluidert 
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Rhubarb,  1.5% ;  Fluidext.  Ipecac,  0.3% :  So.  Peppermint,  Glycerin,  and 
Water.    Dow;  4  c.c.=  i3,  U.  S.  P. 


Syrttpus    Rhei    (U.  S.  P.).— Fluidext    Rhubarb,    10%;    Pot.    Carb., 

1%;   Cfinnamoo,   Glycerin,  a    '    "  

Dose:  8  c.e.  =  2  3.  U.  S.  P. 


,  and   Syrup.     [B.  P.,  5%;   with  < 


Rlumntts  Punhisiu  (U.S.  P.)  [Coscarn  SaKrada,  B.P.].—  Cas- 
eara  Sagrada. —  The  bark  of  Rhamnua  Purshiana,  RhamnaceK.  Pa- 
cific Coast  of  North  America,    Stored  at  least  one  year. 

When  the  bark  is  first  collected  it  is  emetic.  After  two  years'  keeping 
this  action  is  lost,  and  the  cathartic  quality  is  acquired.  The  active 
principles  are:  Cascarin,  which  is  a  cathartin  or  etnodin  principle; 
isoemedin,  bitter  resins,  etc.;  no  chrysarobin  or  ehrysophanic  acid 
(Jowett,  igo4;  This  author  claims  that  etnodin  is  not  file  main  active 
constituent).     The  emetic  action  is  said  to  be  caused  by  a  ferment, 

Cascara  is  one  of  the  best  purgatives  for  continued  administratiori. 
Its  very  disagreeable  bitter  taste  is  largely  removed  by  treatment  with 
alkalies,  without  materially  impairing  its  action.  This  is  done  in  the 
Aromatic  Fluidextracl.  (This  is  sometimes  called  "  tasteless,"  but  is 
by  no  means  so.) 

FluidextT.  Rhamni  Purshiana  (U.S.P.).— I  c.c  =  is  TH. 

Fluidext.  Rkamn.  Pursh.  Aromaticum  (U.  S.  P.).— Macerated  with 
magnesium  oxid.  Aromatics.  I  c.  c.  =  15  in,.  The  dose  of  the  fluid- 
extracts  may  be  increased  to  4  c,  c  (i  3),  if  necessary. 

Exiracl.  Rhamn.  Pursh.  (U.  S.  P.).— Powdered.  I  Gm.=4  Gms, 
of  drug.    Dote:  0.25  Gm.  =  4  grs.  {U.S.  P.). 

FnittguU  (U.  S.  P.t.—  BHektkom.    The  bark  of  Rham-nut  Frangula. 
Europe   and    Northern   Asia.    It   corresponds    closely   with    the   pre- 
ceding. 
Preparatiofu: 

Flmdextraclum  Frangula  (U.S.P,).— I   c.c.  =  is  m,, 

AlO€  (US.  P.,  B.  P.),— The  inspissated  juice  of  the  leaves  of  Aloe 
vera  IBarbodoes  or  Curofao  Aloes,  Island  of  Barbadoes  ')  ;  Aloe  Per- 
ryi  (Socotrine  Aloes,  Eastern  Africa) ;  Aloe  Chmeiuis,  and  other  spe- 
cies of  Aloe.  Liliacese.  Numerous  varieties  are  on  the  market,  pro- 
duced from  different  species  and  by  different  processes  of  manufacture. 
The  Barbadoes  and  Socotrine  are  the  most  valuable.  Aloe  was 
used  by  the  Greeks  and  probably  by  the  Egyptians.  The  active  prin- 
cii^e,  ^oin,  differs  in  the  varieties. 

Aloe  is  partly  soluble  in  water,  completely  soluble  in  5  parts  of 
alcohol. 

The  action  of  aloes  and  aloin  shows  sevenal  peculiarities.  In  small 
doses  they  act  as  stomachics.  Their  cathartic  action  is  greatly  aided 
by  bile,  so  that  they  may  have  very  little  effect  in  obstructive  icterus. 
TTiey  occasion  but  little  colic.  On  account  of  the  intensely  bitter  taste, 
they  are  best  given  in  the  form  of  pills.  They  produce  a  compara- 
tively strong  congestion  of  the  pelvic  organs,  and  are  therefore 
cmmenagogue.  This  action  forms  a  contraindication  to  their  use  in 
pregnancy,  or  when  there  are  hemorrhoids.  They  are  most  useful  in 
chronic  constipation   in   middle   life.     The   action   is   aided   by   alkalies 

Dose:  0,03  to  0.06  Cm.  (^4  to  10  grs.),  {0.25  Cm.  ^4  grains,  U.S.P.). 

When  injected  hypodermically,  aloin  causes  a  tubular  nefhritis.' 
The  anatomic  lesions  in  rabbits  have  been  investigated  especially  by 
Murset   {1885)  ;  they  are  practically  the  same  in  acute  and  chronic 
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poisoning,  and  consist  mainly  in  degeneration  of  the  e^iithelium  of 
the  convoluted  tubules.  This  loses  its  striations  and  staining  quali- 
ties, and  the  nuclei  disappear.  The  glomerular  epithelium  is  but 
slightly  altered,  and  the  glomerular  vessels  show  no  lesions.  The 
urine  may  be  increased  or  diminished  and  contains  proteids,  leuco- 
cytes, casts,  crystals,  and  blood. 
Preparaliotti : 

Aloe  puriRcata.—  Aloes  softened  by  heating  and  addition  of  alcohol, 
strained  and  dried.  This  is  the  form  which  enters  into  most  of  the 
pills.    Dose  as  for  Aloes  (0.25  Gm.=4  grs„  U.S.  P.). 

Bxiraclum  Aloes    (U.S.  P.)    [ Barbadensis,   B.  P.].— A  dried 

watery  extract    Dose:  0.03  lo  0.2  Gm.  (J^  to  3  grains)  (0.125  Gm.= 
2  gre.,  U.S.  P.). 

Tinelwra  /4to«.— Licorice  (U.  S.  P.,  10%;  B.  P.,  2.5%)  ;  'A  alcohol. 
Dose:  i  to  4  c.  c.  (J^  to  1  drachm)   (2  cc.  =  3o  nu  U.S.  P.). 

Tinclura  Aloes  el  Myrrhx  (U.  S.  P.).— 10%  each,  licorice,  three- 
fourths  alcohol.    Dose:  2  cc.^jo  ill,  U.  S.  P. 

Decoctum  Aloes  Compositum  (,B.P.).—  'A%  of  Extract  of  Aloei 
with  Myrrh,  Pot  Carbonate,  and  Aromatics.  Dose:  15  to  30  c.  c.  (J^ 
to  I  oz.). 

Aloes  enters  into  a  large  number  of  pills,  usually  in  combination 
with  some  carminative.  Besides  those  enumerated  here,  into  Pil. 
Cathart.  Co.,  Rhei  Co.,  etc.  It  is  also  the  chief  ingredient  of  very 
many  proprietary  pills. 

In  the  following  C.  S.  Pills,  only  the  content  of  Aloes  will  be  given; 
the  dose  is  one  to  four : 

Pilula  Aloes:  0,13  Gm.  (2  grains). 

Pilula  Aloes  el  Ferri:  0.07  (i  grain). 

Piluke  Aloes  et  Masikhes  (Lady  Webster's  Dinner  KM)  :  0.13  (2 
grains). 

Pilultt  Aloes  et  Myrrha:  0.13  (2  grains). 

The  following  B.  P.  Pills  are  o6kial  (the  Dose  is  0.25  to  as  Gm.— 
4  to  8  grains) : 

Piluta  Aloes  Barbadensis:   50%. 

Pilula  Aloes  et  Ferri:  20%  Aloes,  10%  Iron  Sulphate. 

Pilula  Aloes  Socolrina:  50%. 

Pil.  Aloes  el  Asafoelida:  25%  each. 

Pil.  Aloes  el  Myrrhee:  45%  Aloes,  25%  Myrrh. 

Alolnum  (U.S.  P.,  B.  P.). —  Aloin  is  usually  Barbaloin,  but  some- 
times Socaloin.  It  is  soluble  in  6s  parts  of  water  or  11  parts  of 
alcohol.  Dose:  0.03  to  0.12  Gm.  (>i  lo  2  grains)  (0.065  Gm.^i  gr., 
U.S.  P.). 

The  usual  crystalline  aloin  itself  is  probably  inactive,  but  is  slowly 
converted  in  the  intestine  into  the  active  amorphous  modification.  Its 
effect  is  less  satisfactory  than  that  of  Aloes. 

Pilula  Laxaliwe  Composita  (U.S.  P.)  (Aloin,  Belladonna,  and 
Strychnin  Pills).— Each  contains:  Aloin,  13  mg.  (J^  gr.)  ;  Strych- 
nin, o-S  mg.  (Vm  gr.) ;  Extr.  Belladonn,.  8  mg.  (%  gr.)  ;  Ipecac,  4  mg, 
(Vw  Kr.).    Dose:  Two  pills. 

*  Pnrgatin  (Diacetyl  ester  of  Anthrapurpurin). —  A  synthetic  com- 
pound of  the  emodin  group,  with  actions  resembling  aloin,  has  not  yet 
been  subjected  lo  sufficient  clinical  tests.  Dose:  as  to  I  Gm.  (7  to  15 
grains). 

(C)  Group  of  Aahydridk — Although  the  constitution  of 
these  principles  is  not  at  all  understood,  their  chemic  re- 
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actions,  as  well  as  their  physiolt^c  effects,  show  so  many 
points  of  similarity  as  to  cause  them  to  be  placed  in  one 
group. 

The  acrive  principles  are  (or  the  most  part  resinous  (l  e.,  soluble 
in  alcohol,  but  slightly  soluble  in  water),  often  glucosids,  and  on 
chemic  manipulation  (probably  hydration)  they  yield  acids.  The  lat- 
ter are  much  less  active. 

It  is  characteristic  of  these  principles  that  they  are  not  as 
effective  when  given  pure  as  when  they  are  mixed  with 
some  extractive,  as  in  the  crude  drugs  and  "  resins  "  (alco- 
holic extracts  precipitated  by  water),  or  as  preparations  of 
the  crude  drug.  This  is  due,  in  some  cases,  to  their  being 
somewhat  soluble,  and  therefore  absorbed  in  the  stomach. 

AH  of  the  members  of  this  group  require  the  presence  of 
bile,  presumably  to  render  them  soluble.  Their  action  seems 
to  be  largely  peripheral,  for  It  occurs  after  the  section  of  the 
splanchnics  and  vagi. 

The  drugs  of  this  series  are  generally  muck  more  irritant 
than  the  anthracene  derivatives.  They  belong  to  the  drastic 
or  hydragogue  cathartics.  It  is  difficult  to  limit  their  action 
sufficiently  to  make  them  useful  as  aperients,  and  they  are 
only  employed  when  very  active  catharsis  is  essential.  They 
should  be  avoided  with  children.  The  principal  ones  are 
the  following: 

J«Up*  (U.  S.  P„  B.P.f.—faiap.—  The  tuberous  root  of  Ipomaa 
Jolapa.  Convolvulacese.  Eastern  Mexico.  Active  principUs:  Con- 
Tolvulin  and  Jalapin.  Assayed  for  resin.  Dose:  0.3  to  i  Gm.  (5  to  15 
grains)    ("i  Gm.^15  grs.,  U.S.P.). 

Jalap  acts  in  about  three  hours.     It  is  often  given  with  calomel. 
FrepartUiom: 

Reiina  Jalapa  (U.  S.  P„  B.  P.).— Extraction  with  alcohol  and  pre- 
cipitation of  the  resin  with  water.  Dose:  0.06  to  0.3  Cm,  (i  to  S 
grains)  (0125  Gffl.  =  2  grs.,  U.S.  P."). 

Puhis  Jaiapa  Compositus  (U.  S.  P.,  B.  P.).— Jalap  I,  Pot  Bitar- 
trate  3.  Dose:  I  to  4  Gm.  (3^  to  I  drachm)  (2  GnL^30  grs., 
U.S.  P.). 

Tinctura  Jalaps  (B.  P.).— 20%.  Three-fourths  akohoL  Dose:  a 
to  4  e.c.  (J^  to  I  drachm). 

Scammonlum   (U.  S.  P,,  B.  P.). — Scammony. —  A  gum-resinous  ex- 
udation from  the  living  root  of  Convolvulus  Scammonia,  Convolvu- 
lacez.    Western  Asia.    Active  priticiple :  JaUv'in.    Dose:  a3  to  i  Gm. 
<5  to  15  grains)   (aas  Gm=4  grs.,  U.S.  P.), 
Preparations: 

Resima  Seammonii  (U.  S.  P.,  B.  P.).— Extraction  with  alcohol  and 
precipitation  of  the  resin  with  wat^r.  Dose:  oa  Gm.^3  grs., 
V.  S.  P. 
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Pihila  Scammottii  Compostta  (B.  P.). —  Contains  Ginger.  Dose:  0.2$ 
to  o.s  Gm.  (4  to  8  grains). 

Pulvis  Scammonii  Composttus  (B.  P.). —  Contains  Ginger.  Dote: 
o,6  to  1.3  Gm.  (10  to  20  grains). 

Podophyllum  (U.  S.  P.,  B.  P.).— May  Apple,  Mandrake }~T)\t  rhi- 
zome and  roots  of  Podophyllum  peltatum,  Berberidex.  North  Amer- 
ica. Active  principles:  Podophyllotoxin  and  Picropodophyllin.  Dose: 
0.3  to  1.2  Gm.  (5  to  20  grains)   (0.5  Gm.  =  7'A  grs.,  U.S.  P.). 

The   active  principles   do   not  exist   in   the   fresh   root,   but  develop 
on  drying  and  storing ;  best  after  two  years. 
Preparations: 

Fjuidextractum  Podophytli  (U.  S.  P.).— Made  with  four-fifths  alco- 
hol. Dose:  0,3  to  1.2  c.  c.  (5  to  20  minims)  (0.5  c.c.=8  m, 
U.S.  P.). 

Retina  PodophylU  (U.  S.  P„  B.  P,).— (Porfof  AyHin.)— By  extrac- 
tion with  alcohol  and  precipitation  of  the  resin  by  water.  Dose:  O.O08 
to  0.03  Gm.  C/i  to  Yi  grain).  (As  laxative,  5  mg.^Vi*  gr.,  as  purga- 
tive, IS  ^g-  =  yA  gr.,  U.S.P.) 

PilMla   PodophylU,    Beilad.    et   Capsie    (U.  S.  P.).— Each    pill   con- 


Resin   Podophyll.,  16  mg.  =  !4  gr.;  Ext   Beilad.,  8  mg.  =  >i 
!apsicum,  32  mg.=  !4  gr.    Dose:  One  pill, 
Colftcynthls  (U.S.P.)    [Colocynthidia  Pulpa,  B.  P,].— fi'iffr  Ap- 


ple.—  The  fruit  of  Citrullus  Colocynthis,  Cucurbitacei.     Asia,   Africa, 
Greece,    and    Spain.     Active    principle:    Colocynthin.     The    decomposi- 
tion   product   of   this   glucosid  —  colocynthein  —  is   also   active.     Dose: 
0.06s  Gm.  =  i   gr. 
Preparations: 

Extractum  Colocynlhidis  (U.  S.  P.).— Made  with  one-half  alcohol. 
Powdered.    Dose:  0.03  to  o.i  Gm.  (3^  to  2  grains)   {30  mg.  =  J4  gr.). 

Extractum  Colocynlhidis  Composilun  (U.S.P.,  B.  P.).— Contains 
Colocynth,  Aloes,  Scammony,  Cardamom,  and  Soap.  Dose:  0.3  to  1.0 
Gm.    (5  to  IS  grains)    (o.j  Gm.  =  7>i  grs.). 

Pil.  Colocynlhidis  Composila  {B.  P.).— Contains  the  same  active  in- 
gredients as  the  Pulvis.    Dose:  0.2s  to  0.5  Gm,    (4  to  8  grains). 

PiluUe  Calhariica  Composila:  (U.S.  P.).— Each  pill  contains: 

Gfaus.  Grains. 

Compound   Extr.    Colocynth 0.08  iJi 

Calomel    0.06  I 

Extract    Jalap    0.02  '/i 

Gamboge    0015  % 

Dose:  One  to  four. 

Pilulie  Cathariieie  Vegetabiles  (U.S.  P.).— Each  pill  contains: 

Graus.  Grains. 

Compound  Extr.    Colocynth 0.06  I 

Extract  of  Hyoscyamus 0x13  \^ 

Extract   of  Jalap 003  M 

Extract  of  Leptandra o.ois  y* 

Extract  of  Podophyllum 0.015  H 

Oil  of   Peppermint omA  'fy 

Dose:  One  to  four. 

Elaterinum    (U.S.P.,   B.  P.).— A  neutral  principle  obtained  from 

Elatcrium   (B.  P.).  a  substance  deoosited  by  the  juice  of  the  fruit  of 

Ecballium   Elairrium    (Squirting   Cucumber),   Cucurbitacex.      Western 

•nr  nanit  "  Mandrak^iTilso  «p"p''eil  '<>  Muniraaor*.  which  belonRi  lo  lb* 
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Asia,  Northern  Africa    and  Southern  Europe;  cultivated.    Dow:  0,003 
to  0.00s  Gra.  {'/■  to  Vtt  grain)    (5  mg.  =  V«  gr.,  U,  S.  P.). 
Preparations. 

Tritwatio  Elaterim  (U.  S.  P.). —  i  :  10.  Dose:  0.03  to  ao6  Gm,  CJ^ 
to  I  grain)   (30  mg.  =  ;^  gr.,  U.S.  P.). 

Puhiit  Elalerim  ComposUut  (B.  P.).— 1:40  in  Sugar  of  Milk. 
Dose:  0,06  to  0.25  Gin.  U  to  4  grains). 

•  Bryonia.— The  root  of  Bryonia  alba  and  of  B.  rfwtcj,  Cucurbi- 
tacege.  Central  and  Southern  Europe.  Active  prindplet:  Thegluco- 
sids  Bryonin  and  Bryonidin.     Dose:  0.6  to  4.0  Gin.  (10  to  60  grains). 

Cambogia  (U.S.P.,  B.P.).— Gamboge.— A  gum  resin  obtained 
from  Garcinia  Hanburii,  Guttiferx.  Anam,  Camboja,  and  Siam, 
Active  principle:  Gambogic  Acid.  Since  this  is  fairly  soluble,  even 
the  gum-resin  is  irritant  to  the  stomach,  so  that  it  should  always  be 
given  in  pill  form.  Dose:  0.06  to  0.3  Gm.  (i  to  5  grains)  (0.125  Gm. 
=  3  grs.,  U.S.  P.). 

Pilula  Gambogia  Composila  (B.  P.). —  Contains  Aloes.  Dose:  0.25 
to  05  Gm.  (4  to  8  grains). 

Leptandra   (U.S.  P.).— Culver' t  Root. —  The  rhizome  and  roots  of 
Veronica    Virginica.     Scrophulariaccse.    United   States.    Active  princi- 
ple:    The  glucosid  Leptandrin. 
Preparations: 

Extracium  Leptandrs  (U.  S.  P.). —  Made  with  three-fourths  alcohol. 
Powdered.    Dose:  0.25  &n.^4  grs.,  U.  S.  P. 

Flaidexlractum  Leptandra  (U.  S.  P.).— Made  with  three-fourths  al- 
cohol.   Dose:  i  to  4  c.  c  (Ji  to  I  drachm)   (1  c.  c.  =  is  HI,  U.  S.  P.). 

*  Iris. —  Blue  Flag.  The  rhizome  and  roots  of  Iris  versicolor,  Iridese. 
North  America.  Active  principle  not  well  known.  Dose:  1  Gm.= 
IS  8TS. 

StllllngU  (V.S.  P.). —  Queen's  Root.— The  root  of  Si.  syhatica 
Euphorbiaceae,  Southern  United  Stales.  Active  principle:  pungent 
resin,  fixed  and  volatile  oils.  Used  mainly  in  domestic  medicine,  in 
purgative  mixtures;  also  as  nauseant  and  emetic.  Dose:  2  Gm.^30 
grs.,  U.  S.  P. 

Fltiidextr actum  StUlingiae,  (U.  S.  P.).— Diluted  alcohol.  Dose: 
2  c.c.  =  30  m..,  U.S.  p. 

*Jughiitm^Buttermtl.—  The  root-bark  of  /.  citterea,  Juglandacea. 
North  America.  To  be  collected  in  autumn.  Used  as  Exiractum 
Juglandis  as  a  rather  mild  laxative,  in  dotes  of  I  to  2  Gm.  (15  to  30 
grains)  of  the  extract. 

(D)  SUMMARY  OF  CATHARTICS. 

Cathartics  or  Evaeaants  are  drugs  which  cause  an  increase  in  peri- 

I.   MANNER  OF  ACTION. 

The  intestines  are  to  some  extent  under  the  control  of  the  central 
iwrvons  system ;  e.  g.,  a  sudden  fright  may  cause  evacuation  of  the 
bowels;  melancholia  is  frequently  the  cause  of  constipation.  How- 
ever, this  central  influence  is  quite  exceptional,  and  cannot  be  utilized 
tiierapeutically,  except  in  so  far  as  regulation  of  the  bowels  by  habit 
u  concerned.    All  the  remedial  measures  depend  upon  local  actions. 

Pharmacologically,  these  may  be  divided  into:  (o)  Measures  which 
produce  peristalsis  by  directly  stimulating  the  efferent  nerve-muscle 
chain;  (ft)  measures  which  oroduce  peristalsis  reAexly  in  virtue 
of  an  irritation,  or  by  swelling  the  volume  of  the  intestinal  contents. 
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II.  CLASSIFICATION. 

Before  taking  up  the  practically  used  cathartics  in  detail, 
it  may  be  well  to  classify  them  according  to  their  clinical 
characters ;  i.  e.,  mainly  by  the  strength  of  their  action. 

Such  a  classification  is  by  no  means  sharp,  for  the  same  drug  may 
belong  to  different  groups,  according  to  the  amount  used,  and  accord- 
ing to  other  conditions.  The  classification  is  rendered  still  more 
con4>licated  by  the  fact  that  different  authors  do  not  use  the  same 
nomenclature,  but  often  apply  the  same  term  to  very  different  ac- 

The  following  table  gives  what  is  probably  the  most  use- 
ful clinical  classification: 

1.  laxativ«  or  Aperienti:  Those  which  increase  peris- 
talsis only  moderately,  producing  somewhat  more  frequent 
stools,  of  almost  normal  consistency,  and  this  without  caus- 
ing notable  irritation.  They  are  active  in  doses  of  10  Gm. 
or  over: 

Fruits,  Manna,  Honey,  etc.;  mechanical  means  (massage, 
charcoal,  electricity,  etc.)  ;  Sulphur,  Magnesia,  Carmina- 
tives, Bland  Oils  (Olive,  Cotton-seed,  linseed,  etc.). 

(Small  doses  of  Cascara,  Senna,  Castor  Oil,  Rhubarb, 
and  Ipecac  are  also  laxative.) 

2.  Fui^tiTeB:  Those  which  increase  peristalsis  actively, 
causing  frequent  semi-Buid  stools. 

(A)  Simple  Purgatives:  Active  in  doses  of  0.2  to  I  Gm. 
These  cause  considerable  colic  and  irritation : 

Aloes,  Rhubarb,  Senna,  Cascara,  Castor  Oil,  Bile,  Calo- 
mel, small  doses  of  drastics. 

(B)  Saline  Purgatives:  Active  in  doses  of  about  10  Gm. 
Rather  profuse,  watery  stools,  with  practically  no  irritation 
or  griping : 

Sulphate  of  Sodium  or  Magnesium,  Sodium  Phosphate, 
Magnesium  Citrate,  Potassium  Bitartrate,  Rochelle  Salt, 
etc. 

3.  Drastics:  Produce  watery  stools,  with  much  irritation. 
Large  doses  are  apt  to  set  up  an  enteritis.  Active  in  doses 
of  less  than  o.  i  Gm. : 

Elaterium,  Colocynth,  Jalap,  Scammony,  Gamboge,  Po- 
dophyllin,  Croton  Oil,  the  stronger  Mercurials,  and  Anti- 
mony Sulphid. 


.dbyCoogle 


LAXATIVES.  737 

The  drastics  and  salines  are  called  kydragogues,  since 
they  remove  much  fluid. 

4.  Those  which  quicken  peristalsis  particularly  in  the  duo- 
denum remove  bile  from  the  intestine  by  lessening  its  reab- 
sorption  and  constitute  the  clinical  class  of  oholagopues  (see 
below).  This  comprises  Aloes,  Rhubarb,  Mercurials,  Podo- 
phyllin,  Euonymin,  Sod.  Salicylate  or  Phosphate,  Acid. 
Nitrohydrochlor.  Dilut.,  Bile. 

III.   LAXATIVE  MEASURES. 

This  division  includes  those  measures  which  increase  the  bulk  of 
the  intestinal  contents;  those  which  act  as  mechanical  irritants;  phys- 
ical measures;  enemata;  sulphur  and  magnesia. 

(A)  SubaUnces  Used  to  Incrcue  the  Bttik  of  the  Intestiiul 
ContenU: 

Liquid:     Water   (direct  or  indirect).     Oils. 
Solids ;     Indigestible  food  or  insoluble  medicines. 
Large  Quantities  of  pure  water  may  be  given  for  this  purpose,  but 
this  will  be  more  effective  in  the  shape  of  carbonated  drinks — soda- 
water,  etc    Lemonade  acts  partly  by  its  acid.    These  liquids  are  more 
effectual  if  taken  cold,  since  cold  in  itself  stimulates  peristalsis.  (Water 
shoold  not  be  taken  in  the  form  of  liquids  containing  tannin — such 
as  tea  or  red  wines.)    Water  may  also  be  introduced   in  the   form 
of  succulent  vegetables  and  fruils  —  apples,   tomatoes,  melons,  etc.— 
which,  however,  act  in  part  like  other  fruits,  by  their  pectin,  acid.  etc. 
The  liquid  in  the  intestines  may  be  increased  indirectly  by  prevent- 
ingits  absorption  through  the  use  of  sails. 

The    bland,   fatty  oils,   in  quantities   larger  than   can  be  digested, 
form  very  efficient  laxatives.    They  can,  however,  only  be  taken  by 
patients  with  good  digestion. 
The  same  holds  of  Indlgeitible  food. 

Constipation  is  very  often  caused  by  deficiency  in  the  indigestible  por- 
tion of  tbe  diet.  It  is  a  mistake  to  suppose  that  a  diet  which  is 
entirely  digested  and  absorbed  is  the  best  Animals,  for  example,  are 
entirely  unable  to  subsist  on  such  food,  and  in  feeding-experiments 
it  is  frequently  necessary  to  add  cellulose  in  the  form  of  fiUer-paper 
to  maintain  them  in  good  condition.  The  functionation  of  the  intes- 
tine is  necessary  to  the  organism ;  perhaps  in  effecting  the  removal  of  . 
bile  and  other  toxic  products  formed  in  the  body,  as  well  as  of  the 
toxins  generated  in  the  intestine  by  bacteria. 

Cases  of  constipation  arising  from  this  cause  may.  of  course,  be  at 
once  benefited  by  a  change  of  the  diet  to  one  containing  more  indi- 
(Kstihle  material,  such  as  many  vegetables  rich  in  cellulose.  The  de- 
sirable limit  may  readily  be  exceeded. 
Of  medicinal  agents  which  act  in  this  way,  Manna  may  be  men- 
Manna  (U.S.  P.). —  A  concrete  saccharine  exudation  from  Fraxinus 
Omus.  Oleacex.  Mediterranean  coast.  The  chief  constituents  are 
Mannit  (go%),  Glucose,  Fraxin,  Mucilage,  Resin.  Dose:  15  to  60 
Gm.  (^toaozs.)   (16  Gm.  =  f^  5.  U.  S.  P.)  as  infusion. 

<B)  This  class  borders  closely  on  the  mecbanical  irritants,  since 
the  distention  of  the  bowels  constitutes  in  itself  a  source  of  mechanical 
irritation.    However,  the  irritation  is  increased  when  the  indigestible 
1—47 
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particles  are  sharp  or  grilty,  as  the  seeds  of  fruit  (strawberries,  figs, 
etc.)  or  as  the  husks  of  grain  (oatmeal). 

Fruits,  fresh  or  stewed,  are  generaily  laxative.  They  act  in  part  by 
the  water  which  they  contain;  partly  by  the  non-absorbable  pectin 
substances  which  swell  the  bulk  of  the  feces ;  partly  by  acid  salts 
which  exert  a  chemic  irritation;  partly  by  their  sugar,  which  acts,  by 
osmosis,  like  a  saline  cathartic. 

Charcoal  acts  purely  mechanically. 

Carbo  Ligni  (U.  S.  P.,  B.F.).—  iVood  Charcoal.— Made  by  heating 
wood  without  access  of  air.  Dote:  I  to  4  (^  (15  to  60  grains)  (i 
Gm.  =  is  grs„  U.S.P.). 

The  absorbent  character  of  charcoal  makes  it  useful  as  an  antidote 
to  many  poisons,  and  in  fermentative  dyspepsia. 

Carbo  Animolis  (U.S.  P.),  Animal  Cnarcoal  (Bone-black),  is  used 
for  decolorizing. 

Carbo  Aninuilii  Purificalus  (U,  S.  P.)  has  been  exhausted  with  HCI, 
and  may  be  used  in  acid  liquids  for  the  same  purpose, 

(C>  Of  phyiical  meaturea  which  have  a  laxative  effect  may  be 
mentioned  massage,  moderate  exercise,  all  kinds  of  cold  baths,  or  eUc- 

The  latter  may  be  applied  by  laying  a  large  electrode  on  the  abdo- 
men and  connecting  another  to  the  rectal  tube,  throu^  which  sa]t 
solution  is  flowing  into  the  intestine.  In  this  way  the  stimulation  cot- 
CD)  Enemata  {clysters)  are  injections  into  the  rectum.  Any  dis- 
tention of  the  rectum  will  set  up  peristaltic  contraction  in  this  organ, 
and  stimulate  reflexly  even  the  higher  portions  of  the  intestine.  Pure 
water  will  suffice  for  this,  but  the  effect  will,  of  course,  be  greater  if 
some  irritant  is  added. 

To  secure  the  maximum  motor  effect,  the  injection  must  be  used 
cold,  and  in  fairly  large  quantity:  Adults  a  pint,  quart,  or  more; 
children  according  to  age  (at  a  year,  an  ounce,  and  about  ^  ounce 
more  for  each  year).  Water  and  bland  oils  are  also  often  used  by 
high  injection. 

The  irritants  which  are  most  commonly  used  in  clysters  are:  Soap, 
castor  oil,  or  molasses,  1:8;  salt,  i  :  16;  turpentine,  i  :30  (etnulsified 
with  egg-yolk). 

Pure  Glycerin,  which  b  mildly  irritant  by  withdrawing  water  from 
the  tissues,  is  sometimes  injected  into  the  rectum,  in  doses  of  ^  to  6 
Gm.  iyi  to  I'/i  teaspoonful).  Peristalsis  sets  in  in  a  few  mmutea. 
The  injection  is  painless  if  there  are  no  abrasions.    It  may  also  be 

Suppositoria  Clycerini  (U.  S.  P,),— Each  contains  3  Gm.  (45  grs.) 
made  with  sodium  stearate. 

Enemata  have  an  advantage  over  cathartics  taken  hy  mouth,  in 
that  they  may  he  made  absolutely  non-irritant,  and  tnaj;  therefore  be 
used  in  conditions  in  which  the  other  cathartics  are  positively  contra- 
indicated.     On  the  other  hand,  they  soon  lose  their  (fficiency. 

It  the  purpose  of  the  enema  be  merely  to  soften  hardened  scybcia, 
they  would  be  used  warm,  in  copious  quantities,  preferably  with  soap; 
or  as  decoctions  of  mucilaginous  substances. 

Enemata  also  have  other  uses  r  For  local  effects  on  the  rectal  mu- 
cous membrane  (astripgents,  etc.)  ;  for  the  removal  of  parasites  (see 
p.  746)  ;  and  as  a  niethod  of  introducing  medicine  and  nourishment 
(see  p.  133). 

The  dose  of  medicines  per  rectum  is  generally  about  twice  as  much 
as  by  mouth. 
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For  local  effects,  the  astringents  are  used  in  the  same  strength  ai 
on  other  mucous  membranes  (see  p.  692).  When  the  injection  is  to 
be  retained,  it  must  be  small  in  amount,  warm,  and  non-irritant 
(The  irritation  may  be  diminished  by  the  addition  of  boiled  starch.) 

IV.    IRRITANT    CATHARTICS. 

Whilst  the  number  of  substances  which  may  irritate  the  intestine 
is  very  great,  those  which  can  be  employed  in  practice  as  cathartics 
are  rather  limited,  for  various  reasons. 

Ah  idtal  calharlic  should  produce  profuse  and  soft,  but  not  too  nw- 
tH^rous  evacuations,  without  pain,  tenesmus,  or  nausea,  and  without 
Uaving  any  tendency  to  constipation. 

Irritants  which  cause  a  marked  irritation  of  the  stomach  are  ex- 
cluded altogether.  This  is  one  reason  why  the  pure  principles  are  not 
employed.  As  has  been  said,  these  are  usually  protected  by  colloids 
in  the  preparations  made  from  crude  drugs.  The  cathartics  in  ordi- 
nary use  are  so  chosen  that  they  cause  little  or  no  gastric  disturbance 
in  individuals  with  healthy  digestion.  However,  when  this  is  im- 
paired, it  may  be  necessary  to  administer  them  in  "intestinal  capsules" 
Csee  p.  68). 

All  those  which  have  a  fairly  strong  action  cause  considerable  colic 
or  tenesmus.  This  i;  the  necessary  accompaniment  of  a  violent  peri- 
stalsis, and  if  the  latter  is  desired,  the  former  must  be  taken  into  the 
bargain.  All  that  the  physician  can  do  is  to  inform  the  patient  that 
it  is  a  sign  that  the  medicine  is  doing  its  work.  The  griping  may, 
however,  be  excessive,  in  which  case  it  can  be  corrected  by  the  addi- 
tion of  a  carminative. 

The  tendency  to  congestion  of  the  pelvic  organs  is  also  a  necessary 
consequence  of  intestinal  irritation.  Where  this  is  strongly  contra- 
indicated,  the  non-irritant  salines,  or  enemata,  must  be  used. 

AU  irritant  cathartics  leave  a  tendency  to  constipation^  which  may 
become  very  annoying,  especially  when  they  are  used  habitually.  This 
is  seen  especially  with  rhubarb,  less  with  senna  or  cascara.  It  is  not 
often  serious,  and  rarely  necessitates  an  increase  in  the  dose. 

The  mercurial  purgatives  produce  a  tendency  to  nephritis,  which 
contraindicates  their  continued  use. 

The  ijitestinal  irritants  may  be  divided  into  mechanical,  vegetable, 
and  mineral.    The  first  have  been  summarized  on  page  737. 

The  special  uses  of  the  various  vegeHAle  cathartics  have  been  partly 
discussed  in  the  preceding  sections,  and  will  receive  further  mention 
in  the  following. 

Mineral  Initanta; 

Acids,~H  will  be  remembered  that  free  acids  cannot  be  employed 
for  this  purpose,  since  they  do  not  reach  the  intestine.  Practically  the 
onb'  form  is  as  Cream  of  Tartar,  which  acts  largely  as  a  saline. 

Salines. —  See  page  540. 

Sulphur  merely  softens  the  stools,  and  is  therefore  particularly  use- 
ful in  piles   (see  page  673). 

Of  metals,  mercury  is  the  only  one  which  is  useful.  It  is  best  given 
as  calomel,  together  with  a  vegetable  irritant,  to  insure  its  prompt  ex- 
pulsion  (see  page  683). 

Several  alkaloids,  whilst  not  themselves  cathartic,  are  often  useful 
in  this  connection 

Belladonna  and  Morphin,  especially  the  former,  relieve  spasm  from 
overstimulation  of  the  intestine,  and  are  therefore  useful  in  constipa- 
tion as  the  result  of  intestinal  spasm  (lead  colic).  Belladonna  also 
•erves  to  regulate  the  irritant  action  of  the  vegetable  cathartics,  and 
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in  this  way  lessens  gripii^  (Aloin,  Belladonna,  and  Strrchnin  (see 
p.  732)  is  quite  a  favorite  preparation;  the  role  of  the  Strychnm  is  not 
understood.) 

V.  ACTION  OF  DRUGS  ON  THE  BILE. 

The  important  functions  of  bile  in  digestion,  absorption,  and  peri- 
stalsis would  make  it  very  desirable  to  dispose  over  a  class  of  prep- 
arations which  would  influence  bile-secretion.  Starting  from  the  ob- 
servation that  the  stools  after  certain  cathartics  have  a  darker  or 
greenish  color,  the  older  therapeutists  referred  this  to  an  increased 
secretion  of  bile,  and  distinguished  these  substances  as  cholagoguet  — 
remedies  which  increase  the  flow  of  bile.  When  these  were  subjected 
to  physiologic  experimentation  on  animals  with  biliary  fistulje,  the 
results  were  at  first  contradictory,  owing  to  the  fact  that  the  flow  of 
bile  shows  considerable  variations  naturally,  and  these  observations 
did  not  extend  over  a  suf5cient  time  to  eliminate  this  factor.  Recent 
unobjectionable  experiments  have  finally  settled  this  question.  Accord- 
ing to  these,  the  only  true  cholagogues,  increasing  both  the  volume  of 
bile  and  the  absolute  quantity  of  bile-salts,  are  bile  and  salicylates, 
especially  the  former.     (Pfaff  and  Balch), 

For  this  purpose,  dried  ox-bile  may  be  given,  two  pills  containing 
0.a5  Gm.  each,  three  times  a  day,  preferably  coated  with  salol. 

Bile  salts  have  a  t^ical  digitalis  action  on  the  heart. 

The  action  of  salicylates  is  quite  small,  and  they  must  be  used  in 
doses  of  5  Gm.  per  day, 

Fel  Bot-ii  (U.  S-P.) .—  Ox-gall— The  fresh  bile  of  the  ox. 

Fel  Bovis  Purincalum  (U.  S.  P..  B,  P.).— Ox-gall  evaporated  after 
addition   of  alcohol.     Dose:   O.S   Gm.=^7j^   grs.,   U.  S.  P. 

The  other  drugs  formerly  classed  as  cholagogues" — mercury  salts, 
the  saline  and  drastic  purges  —  are  simply  active  cathartics  or  antisep- 
tics. The  dark  color  of  the  stools  is  due  to  their  carrying  the  nomuil 
quantity  of  bile  through  the  intestine  without  giving  time  for  the  nor- 
mal change  of  the  bite  pigment  to  the  lighter  fecal  pigment ;  or 
to  diminution  of  the  bacterial  action  which  causes  this  change."  Acids 
and  alkalies  are  also  not  true  cholagogues,  (Levene,  etc.,  1904),  al- 
though it  is  conceivable  that  they  may  cause,  reflexly,  an  emptying  of 
the  gall-bladder. 

(E)  USE  OF  CATHARTICS.' 

Cathartics  are  perhaps  the  most  ancient  method  of  internal  medica- 
tion, and  were  for  a  long  time  practically  the  only  method.  Even 
the  Greeks  used  the  same  word,  ipafiiumw.  both  for  internal  medi- 
cation in  general  and  for  the  use  of  cathartics  in  particular.  The 
present  English  word  physic  is  similarly  applied. 

I.  Cathartics  are  still  used  in  many  different  conditions;  most  fre- 
quently, however,  in  constipation,  particularly  habitual  conitipaUoo. 

The  conseqttences  of  habitual  constit>ation  need  not  be  gone  into  in 
this  place.  They  arise  mainly  from  the  absorption  of  toxic  products. 
the  result  of  bacterial  putrefactive  processes  going  on  in  the  intestine. 
These  substances  are  by  no  means  uniform,  and  many  h;:ve  never 
been  isolated.  Some  are  toxins,  others  ptomains  of  the  muscarin 
series;  HiS  is  also  poisonous;  so  is  indol,  the  appearance  of  whidi 
in  the  urine  is  usually  taken  as  an  index  to  this  intestinal  putrefaction. 
Since  the  greater  ntimber  of  these  products  tend  to  increase  peristalsis. 
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they  are  to  some  extent  their  own  antidotes,  and  are  perhaps  even 
useful  in  normal  individuals.  They  only  become  objectionable  if  their 
production  exceeds  the  ordinary  limits. 

The  first  object  in  the  treatment  of  habitual  constipation  is  to  re- 
tt^o-ve  the  cause,  if  possible.  This  cause  will  very  frequently  be  found 
in  faulty  habits;  irregularity  in  going  to  stool,  in  time  of  eating  or 
quality  of  food,  insufficient  exercise,  etc.  These  must  be  corrected 
if  they  exist,  and  this  will  often  contribute  more  to  a  cure  than  any 

Another  cause  of  constipation  is  atony  of  the  intestinal  or  abdominal 
muscles,  either  congenital  or  acquired.  In  these  cases  resort  should 
first  be  had  to  mechanical  means  —  massage  and  electricity.  If  these 
mechanical  means  are  not  sufficient,  or  for  any  reason  cannot  be  ap- 
plied, the  pharmacologic  remedies  are  indicated.  The  latter  are  also 
to  be  used  when  the  cause  of  the  constipation  lies  in  the  pain  from 
hemorrhoids,  or  the  pressure  from  tumors,  or  pregnancy. 

In  usine  cathartics  the  rule  should  always  be  to  employ  the  mildest 
retnedy  which  will  accomplish  the  result.  One  reason  for  this  U  that 
soft,  not  liquid,  stools  are  desired;  hut,  further,  a  "habit"  is  quite 
readily  acquired,  so  that  the  intestines  will  require  stronger  and 
stronger  stimuli,  and  the  usual  cathartics  gradually  lose  their  effi- 
ciency. If  the  treatment  has  been  begun  with  mild  measures,  stronger 
ones  are  left  for  later  use  if  necessary.  The  habitual  use  of  very 
irritant  cathartics  is  also  quite  apt  to  engender  a  chronic  enteritis. 
This  mistake  of  taking  strong  purgatives  continually  is  one  made  only 
too  frequently. 

Perh^s  the  best  cathartics  in  habitual  constipation  are  those  of 
the  cadiartin  group  —  senna,  cascara.  rhubarb,  or  aloes.  There  is 
really  no  objection  to  the  prolonged  use  of  these  mild  cathartics. 

Occasionally  one  encounters  patients  with  just  sufficient  knowledge 
to  lead  them  to  think  that  the  taking  of  purgatives  is  against  nature, 
and  therefore  necessarily  detrimental;  and  who  will  object  very  seri- 
ously to  using  them.  While  this  reasoning  is  very  sound  when  the 
intestines  are  normal,  it  cannot  stand  when  anything  is  abnormal,  as 
in  the  case  of  atony.  An  atonic  condition  of  the  intestine  requires 
the  habitual  use  of  cathartics,  just  as  an  atonic  condition  of  the 
dliary  muscle  requires  the  use  of  glasses.  Both  are  harmful  in  health, 
both  are  indicated  in  disease. 

The  time  of  day  in  which  cathartics  are  to  be  given  is  determined 
tqr  the  length  of  time  which  they  require  to  produce  their  action. 

The  vegetable  cathartics  or  calomel  require,  with  moderate  doses. 
ten  to  twelve  hours;  lar^rer  doses,  five  hours;  and  the  drastics  may 
even  act  in  three  hours.  The  cathartic  salts  act  more  promptly  —  i.  e., 
in  one  to  three  hours. 

The  rapidity  and  the  extent  of  the  action  are,  however,  modified  by 
the  condition  of  the  patient.  Larger  doses  are  required  in  constipa- 
tion than  in  health  ;  the  effect  is  more  prompt  if  it  is  made  to  coincide 
with   the  usual  time  of  defecation ;  etc. 

It  is  therefore  customary  to  give  the  vegetable  cathartics,  as  also 
calomel,  in  the  evening  before  going  to  bed,  so  that  they  will  act  in 
the  morning.  However,  if  the  constipation  is  the  cause  of  insomnia, 
as  sometimes  happens.  It  is  better  to  pjive  them  in  the  morning.  The 
cathartic  salts  are  usually  given  in  the  morning,  before  breakfast. 
a.  Purgatives  frequently  lead  to  the  arrest  of  diarrheaa. 
This  might  at  first  view  appear  paradoxical.  But  one  need  only 
remember  that  diarrhea  is  a  conservative  process  intended  to  remove 
the  irritant  agent,  and  it  will  be  plain  that,  tmless  excessive,  the  em- 
ployment of  a  cathartic  is  simply  a  support  of  nature.  One  must  also 
remember  that  peristaltic  impulses  always  travel  in  a  downward  di- 
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rection.  The  irritation  caused  by  a  mass  of  putrefying  material  may 
set  up  quite  a  violent  peristalsis  below  this  point,  while  the  mass  itself 
ma^  be  but  little  affected.  A  cathartic,  on  the  other  hand,  starting 
peristalsis  high  in  the  intestine,  will  sweep  out  the  mass  and  remove 
the  materies  morbi. 

3.  Cathartics  are  indicated  in  those  infectious  diseases  in  which 
the  seat  of  the  Infection  is  in  the  Intestinal  canal.  If  the  bacteria 
have  not  yet  penetrated  into  the  tissues,  their  expulsion  may  abort 
the  infective  process,  or  will  in  all  cases  diminish  it.  Cathartics  are 
m  this  way  "  intestinal  antiseptics." 

4.  Cathartics  are  employed  to  remove  palaons  —  bacterial  or  chemic 
—  both  from  the  intestinal  cana!  itself  and  from  the  body.  They  wil! 
be  useful  in  preventing  the  further  absorption  of  a  toxic  agent,  as 
well  as  the  reabsorption  of  such  poisons  as  are  excreted  into  the  in- 
testine. 

5.  A  further  indication  for  the  use  of  cathartics  is  to  Mtften  the 
■tools.  This  is  required  in  diseases  of  the  rectum,  especially  hemor- 
rhoids ;  also  to  prevent  any  tendency  to  straining  during  stool  (in 
aneurysm,  or  hernia,  or  tendency  to  apoplexy). 

6.  Another  use  is  in  dropsical  conditions  of  all  kinds,  to  remove 
water  from  the  body.  This  also  affords  relief  to  the  kidneys,  so  that 
cathartics  may  be  useful  in  nephritis. 

7.  Irritant  cathartics  are  of  value  in  congestions,  especially  of  the 
brain,  through  changing  the  distribution  of  the  blood.  Since  they 
draw  more  blood  to  the  abdomen,  they  lower  the  general  blood- 
pressure. 

8.  Cathartics  are  also  used  to  lower  temperature  in  fever.  This 
action  is  not  sufficiently  explained.  They  do  not  affect  the  normal 
temperature. 

Contraindications.— There  are  several  contraindications  to  the  use 
of  cathartics,  especially  to  the  stronger  kinds.  All  inflammatory  con- 
ditions of  the  abdominal  organs  (peritonitis,  gastro-enteritis,  etc) 
preclude  the  administration  of  intestinal  irritants.  Pregnancy  and 
menstruation  are  contraindications  to  the  use  of  the  stronger  cathartics, 
since  the  hyperemia  may  lead  to  abortion  or  excessive  menstrual  flow. 
General  debility,  tendency  to  collapse,  threatened  intestinal  hem- 
orrhage, and  toxic  spasm  of  the  intestine,  are  further  contraindications. 

Experience  has  established  which  of  the  cathartics  best  meet  the 
special  indications.  In  habitual  constipation,  where  the  object  is  to 
produce  the  least  irritation  possible,  rhubarb,  senna,  and  cascara  sagra- 
da  or  aloes  are  chosen.  In  diarrhea,  those  which  produce  large  and 
watery  stools  with  the  minimum  of  irritation  are  preferred ;  i.  e., 
the  saline  cathartics  or  castor  oil.  To  soften  the  feces,  sulphur  ai»d 
enemata  deserve  preference.  For  the  removal  of  liquid  from  the  body, 
the  best  would  be  the  saline  cathartics  with  the  addition  of  either 
senna  or  rhubarb.  For  the  removal  of  poisons  or  of  other  toxic 
products  from  the  alimentary  canal,  one  would  use  the  most  active  — 
the  drastic  purgatives. 

(F)  ANTHELMINTICS.' 

Anthelmintics  (anti.  against;  helminthos,  worm)  are 
remedies  used  against  intestinal  parasites. 
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I.  GENERAL  CONSIDERATIONS. 
An  active  peristalsis  will  tend  to  remove  intestinal  para- 
sites, as  well  as  the  other  intestinal  contents.  Active  cathar- 
tics are  therefore  necessarily  Vermifuges  —  t.  e.,  drugs 
which  expel  parasites.  But  these  parasites,  when  in  good 
condition,  are  endowed  with  remarkable  faculties  of  main- 
taining their  position  in  the  intestines  —  by  traveling  in  the 
direction  opposite  to  peristalsis,  or  by  fixing  themselves  to 
the  intestinal  wall  by  means  of  suckers  or  hooks,  or  by 
their  serrated  margins,  etc.  It  therefore  becomes  necessary 
to  lower  their  vitality.  This  may  be  done  to  some  extent 
by  appropriate  diet.  But  this  is  rarely  sufficient,  and  it  is 
generally  necessary  to  employ  drugs  which  will  paralyze 
them  —  Verimcides.  Since  the  latter  necessarily  present 
some  danger  to  the  host  as  well,  it  is  desirable  that  they 
should  be  used  in  the  smallest  doses.  For  this  reason  it  is 
well  to  give  them  their  maximum  efficiency  by  preceding 
them  with  a  course  of  diet  which  lowers  the  resistance  of 
the  parasite  without  affecting  the  host.  The  vermicides  but 
rarely  kill  the  parasites;  these  usually  recover  if  they  re- 
main in  the  intestine.  It  is  therefore  very  necessary  to  fol- 
low the  vermicide  by  an  active  cathartic,  usually  a  drop  of 
croton  oil. 

11.  PREUMINARY  DIETARY  MEASURES. 

A  limitation  of  the  proteids  of  the  diet  is  generally  regarded  as 
injurious  to  the  parasite,  but  care  must  be  taken  not  to  cany  this  bo 
far  as  to  weaken  the  resistance  of  the  patient  Carbohydrates  may  be 
allowed  in  any  amount.  Mechanical  irritants  —  vegetables  rich  in 
fiber;  the  seeds  of  strawberries,  blackberries,  or  figs;  the  hu^s  of 
grain,  etc. —  are  very  useful.  So  are  "sharp  articles  of  diet  —  con- 
diments, especially  those  of  the  mustard  group,  strongly  salted  meat, 
eta  At  the  time  when  the  vermicide  is  taken,  the  intestinal  canal 
should  be  fairly  empty,  so  that  the  parasite  will  not  be  protected  by 
the  contents.  The  remedies  are  therefore  usually  given  before  break- 
fast, and  no  food  is  taken  for  several  hours  after.  This  unfor- 
timately  increases  the  tenden<^  to  the  absorption  of  the  poison,  and 
to  the  local  irritation.  Vomitmg  may  occur  and  render  a  repetition 
of  the  whole  cure  necessary.  It  has  been  attempted  to  circumvent 
this  difficulty  by  combining  tne  principles  with  tannin,  but  this  lessens 
their  action.  The  best  that  can  be  done  is  to  inclose  them  in  gelatin 
capsules. 

III.  VERMICIDES. 

The  substances  which  are  toxic  to  intestinal  parasites  are  in  ^n- 
erat  toxic  to  all  forms  of  protoplasm.  The  class  of  intestinal  antisep- 
tics are  all  to  some  extent  vermicidal,  but  can  scarcely  be  introduced 
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in  sufficient  amount  to  kill  the  parasites  without  injuring  the  hosL 
Special  qualities  are  necessary  for  this  end;  The  remedy  must  be 
absorbed  to  the  smallest  possible  extent,  since  its  absorption  would  not 
only  render  it  deleterious  to  the  patient,  but  would  also  prevent  its 
reaching  the  lower  portions  of  the  intestine  and  acting  on  the  para- 
sites found  there.  On  the  other  hand,  it  must  be  capable  of  penetrat- 
ing the  resistant,  often  chitinous,  covering  of  these  worms.  This 
combination  can  only  he  secured  with  volatile  poisons,  whose  vapors 
permeate  the  intestinal  canal  and  penetrate  into  the  parasites  before 
there  is  time  for  an  extensive  absorption.  The  latter  is  also  retarded 
by  the  presence  of  fixed  oils ;  and,  accordingly,  it  will  be  found  that 
the  majority  of  vermicides  are  solutions  in  a  fixed  oil,  of  some  vola- 
tile poison,  essential  oils  or  volatile  alkaloids,  etc.  From  this  volv 
tility  of  the  active  principles,  it  follows  necessarily  that  these  drugs 
are  not  very  stable;  the  more  so  since  these  principles  also  undergo 
cbemic  changes  very  readily.  This  uncertain  activity  has  thrown  mis- 
trust on  the  whole  class  of  anthelmintics.  The  pharmaceutic  ex- 
tracts or  isolated  principles  share  this  instability,  although  to  a  less 
degree. 

Finally,  it  is  more  than  probable  that  these  parasites,  as  most  other 
forms  of  life,  show  pecultar  susceptibiiity  to  certain  poisons.  There 
is  some  hope  that  further  research  will  bring  forth  specific  vermicides. 
At  present,  the  following  data  have  been  gathered  from  empirical  t^- 


The  most  efficient  for  Tapeworms  are  Male  Fern  (especially  for 
Bothriocephalus) ;  Felletierin  (especially  for  Tsnta) ;  and  Kosotoxin : 
for  Round  Wormt,  Santonin  and  Spigelia.  Thread  Worms  are  treated 
most  efficiently  from  the  rectum  by  enemata.  Aspidium  is  also  said 
to  be  effective  agains.*  Anchylostoma. 

It  may  be  well  to  mention  that  the  vermicides  are  under  no  circum- 
stances absolutely  safe.  They  should  never  be  given  unless  the  para- 
sites or  their  eggs  are  actually  demonstrated  in  the  feces.  This  is 
also  the  time  when  treatment  offers  the  greatest  chance  of  success. 

(A)   Vermicidea  for  Tapetrorm, 

I.  Turpentine  (see  p.  698)  is  used  in  domestic  medicine  in  table- 
spoon doses.  It  is  uncertam,  and  produces  such  violent  irritation  of 
the  alimentary  canal  and  kidneys  that  it  is  not  to  be  advised.  The 
same  holds  true  of  Chloroform.  Thymol,  Salol,  Naphthol,  etc.,  have 
not   been   subjected   to   sufficient  trial   to   permit   an  estimate   of  their 

a.  Pumpkin  or  Melon  Seeds,  fresh  or  at  least  not  over  a  year  old, 
are  eaten  in  half-ounce  or  ounce  doses,  on  the  day  preceding  the  regu- 
lar treatment.  They  are  not  sufficiently  active  themselves,  but  serve 
to  support  other  measures.  It  is  not  known  in  what  their  action  re- 
sides, hut  they  contain  a  large  amount  of  fat,  with  traces  of  volatile 
oil  and  resins.  The  fresh  "milk"  of  the  cocoanut  is  also  said  to  be 
anlhetmintic. 

Pepa  (U.S.  P.).— Pumpkin  Seed.  The  seed  of  Cucurbita  Pepo, 
Cucurbitacex ;  cultivated.    ,10  Gm.  =  i  J.  V.  S.  P. 

3.  Aspidium  (U.S.P.>  [Filix  Mas,  B.  P.].— Wofc  Fern.—  Tht  rhi- 
lome  of  Dryopten's  (Aspidium)  Filix  mas  and  D.  marginalis,  Filices. 
North  America,  Northern  Asia,  and  Europe.  Dose:  4  Gm.  =  6o  grs., 
U.  S.  P. 

The  active  ineredienls  are  Filicic  Acid,  a  volatile  oil,  and  a  fixed 
oil.  All  seem  to  be  necessary,  but  the  filicic  acid  is  the  most  active. 
On   keeping   the    drug,    this   passes   readily   into    its   anhydrid.   Filidn, 
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which  is  absolntely  inactive.  (Jacquet,  1904,  claims  as  the  most  active 
constituent  an  amorphous  acid,  Sltnaron,  discovered  by  Kraft.  This  is 
ve^  unstable  in  soLution,  but  keeps  well  when  dry.)     The  official 

OUoresina  Aspidii  [Exlractum  Fiiids  Liquidum,  B.  P.],  made  by 
extraction  with  acetone  and  evaporation,  seems  the  only  rational  prep- 
aration. Dole:  i.o  to  4.0  c.c.  (^  to  I  drachm;  2  Gm.^30  gre., 
U.S.  P.),  preferably  in  capsules. 

Overdoses  cause  especially  nervous  phenomena:  General  depres- 
sion, coma,  and  convulsions,  collapse,  and  sometimes  death ;  there  is 
also  usually  a  g^troenteritis.  Disturbances  of  vision  are  not  uncom- 
mon. The  nerve-fibers  are  degenerated.  The  chance  of  absorption 
is  stated  to  be  increased  by  the  presence  of  an  excess  of  fixed  oil 
in  the  intestines,  so  that  it  is  conlraindicaled  to  use  castor  oil  as 
cathartic 

4.  aranatum  (U.S.  P.,  B.P.y.—  Pomegranale.—  The  bark  of  the 
Stan  and  root  of  Punka  Granalum,  Punicaceae,  Cultivated  in  subtropi- 
cal countries.    Dose:  2  Gm.  =^30  grs.,  U.  S.  P.,  usually  given  as  intu- 

The  active  constiluenls  are  two  volatile  alkaloids  —  Pelletierin  (~ 
Ponicin)  and  Isopelletierin  (^^Granatonin),  There  are,  further,  two 
less  active  alkaloids  —  Methyl  pelletierin  and  Pseudopelletierin.  The 
dru^  also  contains  a  large  proportion  (20%)  of  a  peculiar  tannin  — 
Punicolannic  Acid. 

Decoctum  Granali  Corticis  (B.  P.).— 20%.  Dose:  15  to  60  c.  c.  Cj4 
to  2  ozs.).  The  large  amount  of  tannin  in  this  preparation  is  very 
irritant  to  the  stomach,  and  frequently  circumvents  the  purpose  of  the 
drug  by  causing  vomiting.  To  avoid  this,  and  also  to  give  greater 
unijormity,  the  isolated  principle  has  been  introduced : 

Pelletierina  Tannas  (U.  S.  P.).— The  tannate  of  the  mixed  alka- 
loids. Yellow  powder,  sol.  in  335  water,  126  alcohol.  Dose:  0.25  Gm. 
=  4  grs.,  U.  S.  P.,  to  0.5  Gm.  (?  grains). 

Overdoses  produce  results  similar  to  those  of  Filix  mas,  but  less 
violent.    Applied  to  the  eve,  it  produces  miosis,  as  does  also  arecolin, 

a.  Cusw  (U.S.P.,  B.'P.).—  Kousso,  Brayera.—  T^e  female  in- 
florescence of  Hagenia  Abyssinica,  Rosaceae.  Abyssinia.  Dose:  lo.o 
to  20.0  Gm.  i^Yi  to  5  drachms).  (The  male  flowers  are  powerfully 
emetic,  and  therefore  useless  as  vermicides.)   (16  Gm. ^^5>  U.S.P.) 

The  active  principle  is  given  as  Kosotoxin.  a  non-riitrogenous  neutral 
principle  i  also  resins  (Coussin  and  Cosin)  and  volatile  oils,  which 
probably  aid. 

*  Kcmala. — Rotilera. —  The  glands  and  hairs  from  the  fruit  capsules 
of  Mallotus  I  hilippinensis,  Euphorbiacese.  India,  China,  and  Philip- 
pines. Dose:  10  Gm.  ('214  drachms).  The  active  ingredient  appears 
to  be  Rotilerin. 

•Areca.— The  fruit  of  Areca  Catechu.  Palmae.  Southern  Asia.  Con- 
tains vermicidat  volatile  alkaloid  (Arecolin).  Areca  is  only  used  in 
veterinary  medicine. 

(B)  Vemilcidu  for  Ronnd  Worms  (Ascaris  lumbricoldea). 


Santonica  CU.S.  P.).— Levant  Wormseed.—  The  unexpanded  fiow- 
erheads  of  Artemisia  pauciHora,  Composilae.  Turkestan.  Dose:  to  4 
Gm.  (60  grs.).  Now  obsolete,  since  it  has  no  advantage  over  its  chief 
constituent : 
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Santoninnm  (U.S.  P..  B.  P.).— 5an(o«iit.— C.3«0..  The  an- 
hydrid  of  santonic  acid.  Colorless  crystals,  odorless,  little  taste.  SoL 
in  5,300  water,  34  alcohol,  sol.  in  alkalies.  0.065  Gm.^i  gr.  Best 
given  in  the  form  of: 

Trochisci  Sanlomni  (U.S.P.). —  Each  30  mg.^J^  grain.  Dote: 
for  children,  I  to  2  troches ;  for  adults,  to  5  '•  administered  in  evening. 

Trochisci  .Santonin*  (B.  P.).— Each  i  grain.  Dose:  half  the  pre- 
ceding. 

The  action  of  santonin  is  not  well  understood,  but  there  is  no  doubt 
that  it  drives  the  ascarides  into  the  lower  intestine,  from  which  they 
can  be  dislodged  by  cathartics,  especially  calomel. 

The  santonin  itself  is  practically  insoluble,  but  in  the  intestine  it  is 
converted  into  the  soluble  and  absorbable  santonin- sodium.  This  is 
excreted  in  the  urine  as  a  substanoe  which  gives  to  the  liquid  a  lemon- 
yellow  color  when  acid,  carmine-red  when  alkaline." 

Doses  as  small  as  0.1  Gm.  may  cause  "yellow  vision" — i.  e.,  white 
light  has  at  first  a  violet,  then  a  yellowish-green  hue,  and  these  colors 
tint  the  entire  field  of  vision.  (Exactly  the  same  phenomenon  is 
sometimes  seen  with  amyl  nitrite.)  The  power  of  seeing  in  dim 
light  is  also  lessened.  It  has  been  demonstrated  that  these  effects  are 
peripheral,  and  the  theory  is  advanced,  based  on  some  experimental 
data,  that  santonin  impairs  the  reproduction  of  the  visual  purple  and 
violet,  which  are  at  first  used  very  rapidly.  There  is  no  truth  in  the 
statement  that  it  discolors  the  media  of  the  eye  (Filehne,  1900). 

Still  larger  doses  have  often  led  to  toxic  symptoms.  These  comprise 
headache,  vertigo,  weakness,  somnolence,  convulsions,  fall  of  tempera- 
ture, delirium,  vomiting,  and  diarrhea   (Binz,  1877;  Harnack,  igoi). 

The  treatment  would  be  symptomatic :  emetics,  cathartics,  chloro- 
form inhalation  against  the  convulsions,  etc.  Santonin  has  also  been 
tried  against  epilepsy,  with  very  little  success. 

The  following  are  used  only  in  domestic  medicine: 

Spigclla  (U.  S.  P.).— Pfjiferoof.— The  rhizome  and  roots  of  Spi^eUa 
Marilandica,  Loganiacex.  Southern  United  States.  Said  to  contain  > 
volatile  oil,  volatile  alkaloid,  and  a  bitter  principle  and  resin. 

Fluidextractum  Spigelia  (U.  S.  P.).— One-half  alcohol.  Dose:  a  to 
Sea  (J^  to  2  drachms)    (4  c  c.  =  i  5.  U.  S.  P.). 

Chenopodinm. — American  IVormseed.— The  fruit  of  Chenopodium 
ombrosioides  (Variety  anthelminticum),  Chenopodiacea;.  Naturalized 
in  United  States.  Dose:  i.o  to  2.0  Gm.  (15  to  30  grs.).  The  active 
principle  is  probably  a  volatile  oil  — 

Oleum  Chenopodii  (U.  S.  P,).— Dow;  a2  c.c.  =  3  m,  U,  S.  P. 

TaiMcetum. —  See  Index. 

(C>   Vermicides  for  Thread  Woms   (Oxynri*). 

These  are  usually  treated  most  efficiently  by  the  recta]  injection  of 
various  irritants.  The  rectum  is  first  washed  with  injections  of  iron, 
tannin,  or  bitters  (quassia),  to  limit  the  secretion  of  mucus,  and 
is  then  irrigated  with  solutions  or  emulsions  of  salt  (3  ss  to  pt.), 
aloes  (5j  to  pt.),  or  turpentine  (3ij  to  pL),  etc.  Mercury  salts  are 
sometimes  used  as  injection  or  suppository,  but  are  dangerous. 

•Extrcite  14. 
■Not  officiml. 
Study  HsuriB  Hedica  Lcsuni   ij. 
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CHAPTER  XXXI. 
EMOLLIENTS  AND  DEMULCENTS. 

Emollients  and  Demulcents  are  drugs  which  soften, 
"  relax,"  protect,  and  "  soothe  "  the  parts  to  which  they  are 
applied ;  in  other  words,  drugs  which  lessen  irritation.  The 
term  emollient  is  restricted  more  to  those  used  on  the  skin, 
demulcent  to  those  applied  to  mucous  membranes.  No  very 
sharp  distinction  can  be  drawn  between  these,  and  many 
belong  to  both  classes ;  but,  as  a  rule,  the  fats  are  used  as 
emollients,  the  gums  as  demulcents. 

These  substances  lessen  the  action  of  all  chemic,  mechan- 
ical or  bacterial  irritants;  diminishing  pain,  reflexes,  ca- 
tarrh, and  all  manifestations  of  irritation.'  They  also  delay 
and  diminish  absorption,  particularly  from  the  stomach, 
but  also  from  the  intestine,  subcutaneous  tissue,  etc.  In 
this  way  they  diminish  the  systemic  tfffects  of  absorbable 
poisons,  whilst  they  prolong  their  local  actions. 

The  action  of  these  drugs  must  be  conceived  as  mechanical,  since 
they  are  chemically  indifferent,  and  since  they  do  not  exert  any  salt 
action,  as  they  are  either  colloidal  or  insoluble.  They  may  therefore 
be  placed  in  intimate  contact  with  cells,  without  causing  irritation. 
By  their  viscid,  adhesive  character,  they  tend  to  form  a  protective 
covering  to  the  surfaces  to  which  thev  are  applied,  hindering  the 
access  of  other  irritants. 

The  oils  will  prevent  the  penetration  of  water-soluble  substances, 
the  gums  that  of  fats  and  resins.  Gums  also  lessen  the  effects  of 
crystalloids,  although  they  do  not  impede  their  diffusion.  They  pro- 
duce this  effect  by  increasing  the  viscidity  of  the  solution,  uiereby 
interfering  with  its  transportation  (von  Tappeiner,  igoa). 

On  the  other  hand,  oils  and  substances  dissolved  in  them 
are  absorbed  from  the  intact  skin,  whilst  watery  solution^ 
are  not  (unless  the  substance  be  volatile).  Systemic  effects 
may  therefore  be  secured  by  inunction  with  medicated 
oils  or  salves  (e.  g.,  Ung,  Hydrarg).  The  absorption  de- 
pends on  the  penetration  of  the  oil  into  the  sebaceous  glands. 
This  can  be  greatly  increased  by  rubbing  the  salve  into  the 
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skin.     The  deep  penetration  of  the  fats  can  be  demonstrated 
histologically,  by  their  presence  in  the  lymph-channels. 

The  true  fats  are  gradually  oxidized  and  disappear.  But  the  min- 
eral oils  —  petrolatum,  etc. —  are  practically  incapable  of  oxidation, 
remain  in  the  subcutaneous  tissue  for  a  long  time,  and,  acting  as  for- 
eign bodies,  may  prove  a  source  of  irritation.  The  animal  and  vege- 
table fats,  therefore,  deserve  the  preference  when  penetration  is  to  be 
secured  (Sobieranskj,  Juckuff,  Meyer). 

The  persistence  of  the  mineral  fats  in  the  subcutaneous  tissue  has 
been  utilized  (or  the  correction  of  deformities  (e.  g.,  of  the  nose),  ty 
injecting  subcutaneously  a  mixture  of  paraffins  melting  at  about  40*  C. 

The  oily  emollients  and  glycerin  also  penetrate  into  the 
squames  of  the  stratum  corneum,  and  render  the  skin  more 
pliable  and  resistant  to  injurious  agencies.  They  reinforce 
in  this  manner  the  natural  fat  of  the  skin  and  prevent 
roughness  and  "  cracks "  from  wind,  cold  weather,  sun- 
burn, skin-diseases,  etc.  Glycerin  resembles  the  ordinary 
fats  very  closely  in  its  therapeutic  uses ;  but  it  has  a  primary 
irritant  action,  due  to  osmosis. 

If  emollients  are  applied  to  open  wounds  or  denuded 
surfaces,  they  serve  the  function  of  an  artificial  epidermis, 
furnishing  a  protection  against  injurious  agents.  The  same 
result  can  be  secured  by  covering  the  surface  with  a  thin 
pellicle  of  an  impermeable  substance,  as  by  applying  collo- 
dion or  resinous  tinctures,  and  allowing  the  solvent  to  evap- 
orate ;  or  by  applying  plasters  or  bandages.  The  latter  can- 
not be  discussed  in  this  place.  The  plasters  differ  from 
other  fats  mainly  in  their  firmer  consistency.  On  this  ac- 
count they  are  much  more  slowly  absorbed,  and  can  be 
applied  for  a  longer  time.  However,  their  action  also  differs 
from  that  of  plain  ointments  in  being  more  irintant.  This 
is  due  partly  to  their  preventing  entirely  all  evaporation 
from  the  skin,  partly  also  to  small  quantities  of  volatile  oils 
contained  in  the  resins  from  which  they  are  prepared.  They 
are  frequently  useful  as  mild  counterirritants  for  the  relief 
of  pain,  absorption  of  swellings,  hastening  of  abscess  for- 
mation, etc.  They  are  also  employed  for  the  conveyance 
of  drugs  which  are  intended  to  act  purely  locally,  and  to  be 
absorbed  very  slowly,  such  as  Belladonna,  Aconite,  Capsi- 
cum, etc. 

Adhesive  plaster  acts  purely  mechanically.  Poultices  are 
also  largely  emollient. 

Another  class  of  substances,  exerting  a  similar  action, 
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but  physically  very  different,  are  the  dusting-powders. 
These  could  be  arranged  into  several  classes.  The  simple 
powders  are  very  fine  ("impalpable"),  indifferent,  insolu- 
ble, non-irritant  powders,  such  as  talcum,  chalk,  starch, 
lycopodium,  etc.  They  form  a  covering,  just  as  do  the  fats, 
and  are  also  used  to  prevent  friction.  They  absorb  secre- 
tions by  capillary  action,  and  are  therefore  drying.  The 
metallic  oxids  and  carbonates  are  in  addition  somewhat 
astringent.  The  absorbability  of  toxic  metals,  even  when  in 
the  form  of  insoluble  salts,  must  not  be  lost  sight  of,  and 
lead  compounds  should  be  avoided  altogether.  Bismuth 
salts,  except  perhaps  the  subgallate,  are  also  dangerous  if 
applied  to  open  surfaces.  The  zinc  oxid  and  carbonate  are 
entirely  unobjectionable. 

MATERIA  MEDICA  OF  SIMPLE  DUSTING  POWDERS. 

Talcniii  (U.S.  P.). — A  native  hydrous  nugnesiuin  silicate.  Insol. 
in  water  and  in  dilute  acids  and  alkalies. 

Tatcum  Purifi£alu.m  {TJ.  S.  P.).— Talc  washed  with  dilute  hydro- 
chloric acid,   is  used  for  clarification. 

Amylum  {U.  S.  P.).— Corn  Starch.— See  Index. 

Lycopodium  (U.S.  P.), —  The  spores  of  Lycopodium  clavafum  and 
other  species,  Lycopodiacex.  Northern  Hemisphere.  Used  only  as 
du  sting-powder. 

Demvlcenti. —  If  soothing  substances  are  applied  to  the 
mucous  membrane  of  the  respiratory  or  alimentary  tract, 
their  action  must  be  conceiveid  as  parallel  to  that  on  the 
skin.  But  it  must  be  remembered  that  this  action  is  exerted 
only  by  that  portion  of  the  substance  which  adheres  to  the 
walls  —  not  by  that  contained  in  the  lumen.  The  gums, 
possessing  a  greater  degree  of  "  stickiness,"  are  therefore 
more  effective  in  these  situations  than  the  oils,  and  are  the 
most  useful  demulcents. 

The  quality  of  drying,  which  renders  them  inapplicable 
to  the  skin,  does  not,  of  course,  come  into  play  here ;  whilst 
there  is  no  thick  stratum  comeum  to  be  softened,  as  by  oils. 

One  sees  a  beautiful  illustration  of  these  facts  in  the  natural  lubri- 
cants of  body-cove rinp.  Whilst  the  skin  is  normally  covered  with 
a  thin  layer  of  oil,  the  membranes  of  the  interior  of  the  body  are 
moistened  with  mucus,  which  is  a  typical  gummy  demulcent. 

Gums,  proteids  and  oils  are  useful  against  all  forms  of 
irritant  poisons,  whether  introduced  from  without  or  formed 
in  the  body,  as  in  faulty  digestion.    Milk  or  eggs  are  effect- 


ed byCooglc 


750  EMOLLIENTS   AND   DEMULCENTS.         CH.    XXXI. 

ive  in  the  former  case.  Colloids  will  also  delay  the  absorp' 
tion  of  other  substances,  and  this  determines  their  use  in 
pills,  capsules,  etc.,  as  well  as  the  advantages  of  extracts 
over  alkaloids,  etc.,  in  certain  cases.  On  the  other  hand, 
this  interference  with  absorption  is  objectionable  when  the 
drug  is  given  hypodermically.  The  demulcents  are  also 
useful  in  disguising  or  moderating  the  taste  of  disagreeable 
substances. 

A  good  instance  of  their  action  in  lessening  irritation  is 
the  addition  of  boiled  starch  to  enemata,  to  secure  their 
retention.  In  inffammation  of  the  respiratory  passages  — 
bronchitis,  laryngitis,  and  pharyngitis  —  such  a  protection 
of  the  inflamed  mucous  membrane  against  the  irritation  of 
bacteria,  air,  and  drying,  must  be  of  the  greatest  impor- 
tance. Theoretically  one  would  be  inclined  to  think  that 
their  action  would  be  limited  to  the  upper  portions  of  the 
respiratory  tract;  but  clinical  experience  has  shown  that 
this  is  by  no  means  the  case,  and  that  their  action  extends 
to  remote  bronchi.  It  would  seem  very  unlikely  that  they 
would  be  excreted  here,  as  has  been  claimed.  Their  effect 
must  be  either  reflex,  or  else  they  must  reach  these  parts  by 
gradually  flowing  to  them. 

MATERIA  MEDICA. 
I.  Bland  Fatty  Oils. 

These  oils  are  liquid,  insoluble  in  water  or  glycerin,  very  sparingly 
in  alcohol,  freely  in  chloroform,  ether,  volatile  oils,  or  fats. 

Thn'  are  used  internally  as  foods  and  as  laxatives  (30  to  ^50  cc^ 
I  to  8  oi.).  Full  doses  increase  the  qnantit:;  and  fluidity  of  the  bile, 
and  are  employed  in  cholelithiasis.  Olive  oil  (table spoonful,  half  an 
hour  before  meals)  is  used  in  hyperchlorhydria  and  in  spastic  consti' 
pation. 

The  fattj;  oils  turn  "rancid"  on  keeping,  especially  if  they  are  ex- 
posed to  air,  light,  and  heat,  and  if  they  contain  proteid  impurities. 
Rancid  oils  are  unfit  for  medicinal  use. 

Oletim  Oliva  (U.S.  P.,  B.P.).— 0/w  Oil  {Sweet  OiV.)— The  fixed 
oil  expressed  from  the  ripe  fruit  of  Olea  Europaa,  Oteacese.  Culti- 
vated in  warm  climates.  The  best  oil  for  internal  use.  30  c.  c  !=  1 S, 
U.  S.  P.  ^  * 

Oleum  Amygdala  Expressvm  (U.  S.  P..  B.F.).—  Exprejsed  Oil  of 
Almond. —  A  fixed  oil  expressed  from  Bitter  or  Sweet  Almonds,  so 
c.c.  =  i5,U.S.P, 

Oleum  Ltni  (U.S.  P.,  B.  P.).— Linseed  {Flaxseed)  Oi7.— Expressed 
from  Linseed.  Disagreeable  odor.  30  c.  c.^i  3  (U.  S.  P.).  Em- 
ployed mainly  In  liniments  and  in  veterinary  practice.  "Boileid''  ^ 
should  not  be  used. 

Oleum  Gossypii  Seminis  (V.S.P.).—  Cotl<»ueed  OiV.— ExpteMcd 
from  the  seeds  of  Gossypium  herbaceum  and  other  species,  MalvaceK. 
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a  especiallj^  adapted  f 
external  use.    It  is  often  substituted  for  olive  ati,  but  is  greatly  i 
ferior  for  internal  administration.    It  contains  an  irritant  resin;  and 
it  cannot  be  readilj  emulsified  or  saponified,  since  the  free  fatty  acids 
have    been    removed    in    the   process    of   purification.     i6   cc  =  >45. 
U.  S.  P. 

OUum  Adipis   (U.S.  P.).— Larrf  0»V.— The  liquid  portion  of  lard. 

Many  other  oils  may  also  be  used. 

II.  Other  Liquid  Emollients. 

Glycerinum  (V.S.P.,B.P.).—  Gtycerin,  Glyeeroi— {CJi.iOUU)— 
A  thick,  colorless  liquid,  oi  a  sweetish  taste,  obtained  by  the  decom- 
position of  fats  or  fatty  oils.  Specific  gravity,  1.240.  Soluble  in  water 
or  alcohol,  insoluble  in  ether,  chloroform,  or  oils.  4  c.  c.  ^  1 3, 
U.  S.  P. 

Used  locally,  glycerin  acts  at  first  as  an  irritant,  by  abstracting  water. 
This  causes  smarting  in  wounds.'  It  is  utilized  for  catharsis,  the 
glycerin  being  administered  as  enema  (4  to  8  c.  c.  =  I  to  2  3,  undi- 
luted), or  as  the  official  suppository.  The  irritant  action  is  soon  re- 
placed by  a  soothing,  demulcent  or  emollient,  effect;  glycerin  being- 
applicable  to  either  skin  or  mucous  membranes.  When  taken  inter- 
nally, it  is  readily  absorbed  and  oxidized,  serving  as  a  source  of 
energy ;  but  it  is  scarcely  a  useful  food.  Its  sweet  taste  has  caused  its 
use  as  a  substitute  for  sugar  in  diabetes;  but  it  is  rather  disagreeable 
to  many  persons.  An  important  use  of  glycerin  is  as  a  pharmaceutic 
solvent  and  preservative. 

Toxic  Effects. —  These  have  never  been  reported  in  man,  but  they 
occur  in  animals  when  large  doses  are  given,  by  any  channel.  The 
symptoms  are  convulsant  and  paralytic,  probably  through  a  direct 
action  of  glycerin  on  (he  central  nervous  syslem.  The  blood-cor- 
puscles are  laked,  especially  if  the  glycerin  is  injected  hypodermically. 
This  is  probably  an  osmotic  effect,  &t  glycerin  remaining  for  a  lime 
nnabsorbed,  and  in  high  concentration  at  the  place  of  injection;  and 
the  corpuscles  being  laked  during  their  passage  through  this  area 
(Filchne). 

On  m-jscle-nerve  preparations,  glycerin  acts  similarly  to  veratrin 
(page  336).  ,  . 

Preparations:     Glyceritum  Amyli, —  Suppositoria  Glycermi, 

Acidum  Oleicum  (U.  S.  P.,  B.F.).— Oleic  Acid.— H.CJiuO,.  A 
yellowish  or  brownish  oily  liquid,  insoluble  in  water,  soluble  in  alco- 
hol. Usually  quite  impure,  containing  other  fatty  acids.  Used  prin- 
cii^ly  as  solvent  for  medicines  intended  to  be  absorbed  from  the 
skin. 

fetrolalitm  Liquidum  (U.S.  P.)  [Paramnum  Ligutdum.  B.P.].— A 
mixture  of  hydrocarbons,  chiefly  of  the  marsh-gfas  series,  obtained 
from  petroleum,  and  purified  until  it  has  the  required  color  (Fuscum, 
Flavum,  Album,  Albissimum,  etc.).    The  oflicial  is  almost  colorless. 

III.  Seini<Solid  Fat*. 

These  possess  the  character  of  the  fatty  oils,  except  that  they  ate 
soft   solids  at  ordinary  temperature. 

Oleum  Theobromatts  (U.S.?.,  B.P.).— Cacao-butler.— \  solid  fat 
expressed  from  the  seed  of  Theobroma  cacao,  Sterculiacex.  Central 
and  South  America.    Used  mainly  for  making  suppositories. 

Sndy  Mat. 
iRotb   lisa 
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Not  to  be  confused  with 

'Oleum  Cocos. —  Cocos-oil, —  The  expressed  oil  of  the  cocoanut,  the 
fruit  of  Cocos  nudfera,  Palmx,  Tropics.  It  is  a  whitish  fat,  soluble  in 
alcohol,  used  especially  in  soap-making. 

Sevum-—Suet  (U.  S,  P.,  KV.).— Mutton  Suet.— The  internal  fat 
of  the  abdomen  of  ihe  Sheep  iOvis  aries),  purified  by  melting  and 
straining. 

Adeps  (U.S.  P.,  B.  P.).— Lord.— The  internal  fat  of  the  abdomen 
of  the  pig  {Bus  scrofa).  Other  animals  also  yield  fats  which  are 
popularly  supposed  to  have  special  advantages — dog  fat,  goose  grease, 
etc.  Tliere  appears  to  be  no  reason  for  preferring  them  to  the  more 
easily  obtainable  lard. 

Animal  fats  become  rancid  quite  rapidly.  Hence  all  ointments  are 
directed  to  be  prepared  from : 

Adeps  BensoinatKS  (U.  S.  P.,  B.  P.). —  Made  by  digesting  lard  with 
gum  benzoin.  In  this  process  it  takes  up  a  certain  amount  of  the 
latter,  and  acquires  the  antiseptic  and  stimulant  properties  of  balsams, 
besides  increasing  its  own  Iteqiing  qualities. 

*Butyrum,  Butter,  is  sometimes  used  as  an  ointment  basis.  Since 
it  can  not  be  salted  for  this  purpose,  it  keeps  very  poorly. 

Adeps  Law  (U.  S.  P.,  B.  P.).— The  purified  fat  of  the  wool  of 
sheep,  freed  from  water.  Insoluble  in,  but  miscibte  with,  large  quan- 
tities of  water.  Used  for  the  administration  of  watery  solutions  in 
ointment  form. 

Adeps  Lana  Hydrosus  (U.  S.  P.,  B.  P.).— (Limoim.)— The  abov«. 
mixed  with  30%  of  water.    This  is  the  form  commonly  used. 

Wool-fat  possesses  a  number  of  advantages  as  an  ointment.  It  does 
not  readily  become  rancid;  it  is  absorbed  with  the  greatest  ease;  and 
it  is  miscible  with  twice  its  weight  of  water.  It  consists  mainly  of 
choleslerins,  together  with  some  fatty  acids. 

IV.  Soft  Mineral  F«ts. 

Petrolatum  <U.S,  P.)  [PuraffiHxm  MoUe,  B.  P.].~-PetToIatim 
(Vaselin). —  A  mixture  of  hydrocarbons  obtained  from  Petroleum, 
melting  between  45  and  48°  C.   (113  and  118.4°  F-).     Vellow  color. 

Petrolatum  Album  (U.  S.  P,),— The  preceding  product,  rendered 
colorless  (white). 

*  Petrolatum  Soponatum. —  Petrolatum,  rendered  more  absorbable  by 
emulsification  with  ammonium  oleate. 


V.  Snbstance*  of  m  Waxy  Consistency. 

These  are  used  to  increase  the  solidity  of  ointments  (as  in  cerates). 

Cetaceum  (U.  S,  P.,  B.P.).—  Spermaeeli.—  A  solid  fatty  substance 
obtained  from  the  sperm  whale  (Physeter  macrocephalus) .  It  con- 
sists mainly  of  a  combination  of  Cetylic  Alcohol  with  Palmitic  Add. 
Melts  at  45  to  50°  C. 

Acidum  Sfearicum  iV.S.V.).— Stearic  ,^«J,— H.CuH«Ot  Usnally 
more  or  less  impure;  obtained  by  decomposing  tallow.  The  commer- 
cial acid  melts  at  56'  C.    Sol,  in  16.6  alcohol. 

Cera  Flava  (U.  S.  P,,  B.  P.). —  Yellow  Beeswax.— MeHs  at  6a*  to 
64'  C. 

Cera  Alba  (U.  S.  P.,  B.  P.) .— Bleached  Beeswar.-Mtlta  at  6*  to 
65'  C,    Wax  is  but  sparingly  sol,  in  alcohol,  sol.  in  ether,  chloroform, 

Paramnum     (U.  S.  P.)     [ParaHinum    Durum,     B.  P.],— PoraBii.— A 


.dbyCoogle 


RESINS,   OINTMENTS,    PLASTERS.  753 

white  wary  solid,  a  mixture  of  solid  hydrocarbons  obtained  from  Petro- 
leum. The  melting' point  lies  between  51.6  —  57.3°  C  Insol.  in  alco- 
hol, sol.  in  benzin,  ether,  fats,  etc. 


These  usually  contain  some  essential  oils,  and  therefore  act  as  mild 
dermal  irritants.    They  are  used  in  cerates  and  plasters. 

Resina  (U.S.P.,  B.F.).— Rosin,  Colophony.— The  residue  left  after 
distilling  the  volatile  oil  from  Turpentine  (see  Index). 

Pir  BurgHndica  (B.  P.). —  Burgtmdy  Pitch. —  The  prepared  black 
resinous  exudation  of  Abiet  excelsa,  Conifera.     Europe. 

Elaslica  (U.  S.  PJ  [Caoutchouc,  B.  P.].— India-rubber,  Caoutchotte 
(Para  Rubber).— The  prepared  juice  of  various  species  of  Hevea, 
Euphorbiacex.  Tropical  countries.  Soluble  in  Chloroform,  Carbon 
Disulphid,  Turpentine,  Petroleum  Ether,  and  Benzol.  Swells  in  ether 
without  dissolving.  Consists  mainly  of  polymers  of  terpene  (CmHh). 
Ccnmbined  with  3  to  10%  of  sulphur  by  heating,  it  gives  vuleanited 
rubber;  with  20  to  35%,  ebonite,  hard  rubber. 

Many  other  tropical  plants,  belonging  especially  to  the  families  £u- 
phorbiacex,  Artocarpcje,  and  Apocynese,  also  serve  as  sources  of  "  rub- 
ber." This  is  conUined  in  the  milk-juice  to  the  extent  of  17  to  3a%. 
[t  is  separated  from  this  juice  fay  coagulating  it  through  ferments  or 
other  means. 

*  Gutta-percha. —  The  concrete  juice  of  Dichopsis  gulla  and  other 
trees  of  the  same  order,  Sapotaceae.  South  America.  Properties  are 
similar  to  those  of  Rubber. 

VII,  Compound  Emollient  Ointmenta  and  Ointment  Bues. 

Unguenlum  (U  S.  P.).— Lard  80.  White  Wax  20. 

Unguenlum  Aqua  Rota  (U.  S.  P.,  B.  P.).— (Cold  Cream.)— Sper- 
maceti, White  Wax,  Expressed  Oil  of  Almond,  Rose  Water,  and 
Sodinra  Borate. 

Ungnentum  Cetaeei   (B.  P.).— Rosin,  Yellow  Wax. 

'Resorbin. —  An  emulsion  of  Almond  Oil,  said  to  be  very  readily 
absorbed. 

Glyceriium  Amyli  (U.  S,  P.,  B.  P.).— Starch  10.  Water  10,  GlycerinSo. 

Ceralum    (U.  S.  P.).— White  Wax,  White  Petrolatum.  Bena.  Lard. 

Ceralum  Retina  (U.  S.  P.).— Rosin,  Yellow  Wax,  Lard. 

Ceratum  Resince  Comp.  (U.  S.  P.).— Rosm,  Yellow  Wax,  Suet, 
Turpentine,  Linseed  Oil. 

VIII.  Official  Pluten. 

Emplastrum     Adhenvum      (U.  S.  P.).— Rubber,     petrolatum,     lead 

^^Empl.  Ammoniari  cum  Hydrargyro  (B.  P.). 

Einpi  Belladonnie  (U.  S.  P.,  B.  P.).— Extract  Belladonna,  adhesive 
plaster.    0.38  to  0.42%  alkaloids. 

Empl   Calefaciens  (B.  P.).— 8%  Cantharides. 

Empl.  Cantharidis  (B.  P.).— 3S%-  The  cerate  is  substituted  in  the 
U.  S.   (see  Index). 

Emfl.  Capiiei  (U.  S.  P.).— 0.25  Gm.  of  oleoresm  per  iS  cm.  square: 
adhesive  plaster.  _  ,  , 

Entpl.  Hydrargyri  (U.  S.  P.,  B.P.).— 30%  Hg;  hydrous  wool-fat, 
lead  plaster. 

•  Not  official. 

Hitctit  Mrdica  LcMon  ]]. 
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EtHpl.  Menthol  (B.  P.).— 15%. 

*  EmpL  lehthyocolla. —  Coitri  Pliuter. —  Made  from 

'  Ich,thyocolla.^Tsing,l<ut. — >The  swinuning  bladder  of  Acifmatr 
Huso  and  other  species,  Sturiones.  Caspian  and  Black  Seas.  ConUiai 
g8%  of  Gelatin. 

Empl.  Opii  (U.  S,  P.,  B.  P,).— 6%  Extr.  Opii,  adhesive  plaster. 

Empl  Ptcis  Bitreundicte  (B.  P.). 

Em.pl  Plumbi  (U.S.  P.,  B.  P.).— Lead  or  Diachylon  Plaster  (•« 
Index). 

Empl.  Plumbi  lodidi  (B.  P.).— 10%. 

Empl.  Reiinm  (B.  P.).— Adhesive  Pliisler.— Rosin,  lead  plaster,  jrel- 

EmpL  Safionit  (U.S.?.,  B.  P.).— Soap  10%,  lead  plaster. 
IX.  Demulcenta:  Oily  Seeds. 

These  contain  gum,  oil,  and  starch.  When  rubbed  with  water,  thcr 
form  natural  emulsions,  which  serve  especially  as  emollients.  For  in- 
ternal use  ttiQ  are  taken  as  decoctions;  dose  ad  libitum. 

Amygdala  Dulcis  (U.S.?.,  B.P.).—  Sweel  Almond.— Tht  serf  of 
Prunus  Amygdalus  var.  dulcis,  Rosaceae.     Cultivated. 

Emulsum  Amysdata  (U.  S.  P.,  6  1 100;  B.  P.,  la  :  100). — 120  tc  — 

Pulvis  Amygd.  Compositut  (B.  P.)  contains  Acacia  and  Sugar. 
*CydotUum~— Quince  5fsd.— The  seed  of  Cydonia  Vulgaris.  Rosi- 
ceae.     Cultivated. 

Linum  (U.  S.  P.,  K  P.).— Linseed,  Flaxseed,  and  Linum  CotOtsau 
CB,  P.),  Crushed  Linseed. —  The  seed  of  Linum  utilatissimum,  Una. 
Cultivated. 

Linseed  is  sometimes  given  as  decoction  in  bronchitis.    Its  princi- 
pal use,  however,  is  in  poultices  (see  Index). 
An  aseptic  substitute  is  furnished  by: 

Catoplasma  Kaolini  (U,  S.  P.).— Essentially  a  thick  mass  of  ebr 
and  glycerin  (37-5%.  with  the  addition  of  boric  add  (4-5'^)- 
thymol,  methyl  salicylate,  and  oil  of  peppermint.  This  if 
spread  in  a  thick  layer  on  the  surface,  and  left  in  place  for  11 
to  48  hours.  It  is  more  effective  if  applied  hot. 
Kaolinum  (U.S.?.).— (China  Clay.)  — A  native  aluminum  sili- 
cate, consisting  chiefly  of  H.AI,Si.O.  +  8H.O.  A  «hnt 
powder. 
Hemp  seed  and  rape  seed  are  also  demulcent.  _ 

Seeds  and  tubers  rich  in  starch  may  be  used  as  demulcents  is  Be 
(onn  of  decoction.    They  are  enumerated  under  nutrients. 

X.  auma.' 

(Gums  are  insoluble  in  alcohol!    See  page  33.) 
Acacia   (U.S.P.)    [AcaciiF  Cunmi.  KP.]—Gum-Arabie.    A  ffnnM! 
exudation  from  Acacia  Senegal  and  other  species,  Legnminosc  North- 
Acacias    derived    from    other    species    have    similar    characters   »dJ 

Acacia  Is  insoluble  in  alcohol,  slowly  but  completely  soluble  in  2 
parts  of  water,  lo  a  thick,  mucilaginous,  insipid  liquid.  This  showstf 
acid  reaction  to  litmus,  and  is  precipitated  by  alcohol,  borax,  or  iii«tilw 
salts. 
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ilvcilaga  Acacia  (XJ.  S.  P.,  B.  P.)-— A  34%  solution,  made  by  dis- 
solving acacia  in  equal  volumes  of  water  and  lime  water  (U.  S.  P.) 
{I'/i  parts,  B.  P.].  Used  in  many  pharmaceutic  preparations  as  enul- 
sifier,  excipient,  etc. 

Syrupus  Acaciis  (U.  S.  P.)-— 10%. 

Tragacantha  (U.  S.  P.,  B.P.). —  Tragacanth. —  A  guinmy  exudation 
from  Astragalus  gummifer  and  other  species,  Le^minosx.  Western 
Asia.     Swells  to  a  gelatinous  mass  in  water,  without  dissolving. 

Mucilago   Tragacantha    (U.  S.  P.,   B.  P.).— 6%.     16  c.c.  =  43. 

Glycerinum  Tragacanthx  and  Pulvis  Tragaccmths  Compositus 
(B.  R). 

XI.  Demulcent  Herbi  and  Other  Demulcents. 

All  these  can  be  taken  in  decoction,  ad  libitum.  They  contain  muci- 
lage as  their  most  important  ingredient 

Allhaa  (U.  S.  P.).— AfoM/imaHow.— The  root  of  Althaa  oOicinalu, 
Malvacex.    Cultivated. 

Ulmus  (U.S.P.).— Slippery  Elm  Bart.— The  inner  bark  of  Ulimu 
fnlva,  Urticaceie,     North  America. 

Mucilago   Ulmi  (U.S.  P.).— 6%   infusion. 

Glycyrrhita  (XJ.  S.P.,  B.  P.).— iiVoriW  Root.— Set  Index.  As  de- 
mulcent, best  as  •  Syrupus  Glycyrrhisie. 

Sassafras  Medulla  (U.  S.  P7)  .^  Sassafras  PtiA.— The  pith  of  Sassa- 
fras variifolium,   Laurincae.     North   America. 

Mucilago  Sassafras  Medullar.— 2%.    Is   not  precipitated  by  al- 
cohoL 

'Celraria. —  Iceland  Moss.— A  lichen,  Cetraria  islandica.  Iceland 
and  Norway.  Also  contains  a  bitter  principle,  which  can  be  extracted 
by  cold  water.  Boiled  with  water  after  previous  maceration  with  cold 
water,  it  yields  a  jelly  (Decoctum  Cetrarias,  5%). 

ChoHdrus  (U.  S.  P.).— Irish  Moss  (Carrageen),— The  seaweeds 
Chondrus  crisp  us  and  Gigartina  mammtllosa.  Iceland  and  North 
America.     Yields  jelly  with  boiling  water. 

Gelalinum  (U.  S.  P.,  B.  P.).— An  air-dried  product  of  the  action  of 
boiling  water  on  gelatinous  tissue.  Soluble  in  hot  water.  Solutions 
of  2%  and  above  solidify  on  cooling.  Insoluble  in  alcohol.  Also  pre- 
cipitated by  carbolic  acid ;  not  by  dilute  solutions  of  metallic  salts. 

GelaliHum    Glycerinolum    (U.  S.  P.)    is    employed    for    making 
bougies,  etc. 

XII.  Mechanical  Protectlvcs. 

Certain  substances  which  are  used  for  this  purpose  may  be  men- 
tioned in  this  place: 

Collodium  and  Collodium  Flexile  (U.  S.  P.,  B.  P.).— See  Index. 
Ethereal  solution  of  gun-cotton,  leaving  a  protective  film  on  evapora- 
tion.   Used  for  dressing  small  wounds,  etc. 

Gossypium  PuriScalum  (_V.S.P.).—  Gossypium  (K  P.") .— AbsorbeHt 
Colton. —  The  hairs  of  the  seed  of  G.  herbaceum  and  other  species 
(Maloacese)  ;  cultivated.  Freed  from  adberent  imnurities  and  from 
fat  (so  as  to  make  it  absorbent)  and  often  sterilized.  Consists  of 
almost  pure  cellulose  (GHinOj)-  Used  in  bandaaing.  etc.,  either  as 
such,  or  as  gauze  (Tela,  Carbasus),  lint  {lint'iml,  etc.,  or  imprcBnafed 
>rith  antiseptics,  astringents,  etc.  Wnod-Wonl  r chemically  treated 
wood-fiber)  has  been  introduced  as  a  cheaper  substitute. 
'Not  officisl, 
Sndr  Mxcria  Mfdica  tenon  54- 
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Calcii  Sulphas  Exsiccatits  (V.S.F.)— Plaster  of  Paris,  Burnt  Gyp- 
sum.—  A  fine  white  powder,  which  sets  into  a  stone-like  mass  when 
mixed  with  half  its  weight  of  water.  Used  in  bandaging.  The  "set- 
ting" takes  place  in  is  to  20  minutes.  It  may  be  delayed  to  an  hour 
by  the  addition  of  5%  of  glycerin,  or  hastened  by  the  addition  of 
sodium  silicate.     Plaster  of  Paris  must  be  kept  dry. 

*  Liquor  Soda  Silicalis  (IVaterglass). —  A  colorless  syrupy  liquid, 
of  alkaline  properties,  but  not  corrosive.  Contains  about  20%  of  so- 
silicate.    Forms    a    solid    glassy    mass    on    exposure.    Used    in 


(Sodium  silicate,  given  by  the  mouth  or  skin,  acts  like  a  typical  mild 
alkali  without  showing  any  specific  features.  It  is  readily  absorbed 
from  the  alimentary  canal,  and  excreted  by  the  urine.  Injected  intra- 
venously it  causes  agglutination  of  blood  corpuscles,  and  consequently 
intravascular  clotting.  Silicates  are  normally  present  in  all  tissues,  but 
in  very  small  amount)  (Siegfried,  1901). 
*  Not  oSciil. 


CHAPTER  XXXII. 
DRUGS  ACTING  UPON  NUTRITION. 

(A)  DIGESTIVE  FERMENTS.' 

Ferments  are  substances  which  act  by  catalysis,  1.  e.,  which  accelerate 
in  a  specific  manner  slow  chemic  processes,  in  which  they  do  not  them- 
selves take  part.  They  act  therefore  in  infinitely  small  proportion, 
and  are  not  used  up  in  the  process.  Ferments  are  classed  as  organized 
(such  as  yeast  and  bacteria)  and  unorganized.  TTie  latter  class  — 
also  called  enzymes  —  is  the  only  one  employed  in  therapeutics.  It  is 
very  probable  that  the  fermentations  caused  by  cells  are  also  in  reality 
due  to  enzymes. 

Nothing  is  definitely  known  concerning  the  chemic  nature  of  fer- 
menls,  or  the  manner  in  which  they  produce  their  actions.  They  have 
never  been  isolated  in  pure  condition  (the  commercial  preparations 
are  quite  impure).  The  analogous  phenomena  exhibited  by  colloid 
metals  (see  Index)  incline  to  the  view  that  the  property  is  connected 
with  the  colloid  nature  of  the  ferments,  presumably  with  the  surface 
action  of  the  aggregate  particles.  The  action  of  ferments  is  hindered 
by  many  poisons,  especially  by  the  antiseptics,  quinin,  cyanids,  fluorids. 
The  comparative  retarding  effect  is  not  the  same  for  all  ferments.' 

When  several  proteolytic  ferments  are  put  in  action  at  the  same 
time,  they  often  destroy  each  other:  pepsin  and  trypsin  digest  each 
other ;  rennin,  invertin,  and  emulsin  do  not  seem  to  be  affected  by 
them ;  diastase  is  not  harmed  by  invertin  and  trypsin,  but  is  weakened 
by  pepsin. 

It  is  therefore  irrational  to  give  by  the  mouth  any  ferment  which  it 
intended  to  act  in  the  intestine,  unless  it  is  administered  in  salol  or 
glutol  capsules. 

'The    term    "  fermenution "    ii    JcriTed    from    (cnneMDni,    l»«w»»i-    »iul    tfci« 
prolublr  from  fervcre,  (a  boil.     Il  wM  originally  ipplicd  lo  (II 
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When  the  importance  of  ferments  ( enzymes)  in  digestion 
was  recognized,  the  thought  lay  near  at  hand  that  they 
would  be  useful  in  many  kinds  of  digestive  disorders. 
However,  much  skepticism  has  arisen  in  recent  years  as  to 
the  benefits  claimed  as  the  result  of  their  internal  adminis- 
tration. Gastric  digestion  alone  could  theoretically  be  aided 
by  ferments ;  and  physiologists  have  long  since  demonstrated 
that  gastric  digestion  is  relatively  unimportant.  The  symp- 
toms of  dyspepsia  are  rather  due  to  irritation  than  to  defi- 
cient digestion.  And  whilst  there  is  no  doubt  but  that  the 
secretion  of  pepsin  may  be  deficient  in  certain  conditions, 
it  is  by  no  means  proved  that  this  is  the  case  in  the  diseases 
in  which  such  deficiency  is  ordinarily  assumed.  The  bene- 
fits ascribed  to  pepsin  should  perhaps  in  many  cases  be 
credited  to  the  other  remedies  which  are  joined  to  it.  How- 
ever, there  can  be  no  doubt  that  pepsin  itself  is  beneficial 
in  certain  cases ;  and  as  its  administration  is  neither  danger- 
ous nor  unpleasant,  it  may  be  tried.  When  the  gastric  juice 
is  deficient  in  acid,  the  activity  of  pepsin  will  be  greatly 
diminished.  The  administration  of  acid  by  mouth  will  not 
always  remedy  this  condition,  since  it  may  be  too  quickly 
absorbed.  In  this  case  Papain  may  be  preferred,  since  it 
acts  in  all  media.  Unfortunately,  the  commercial  prepara- 
tions of  this  ferment  differ  very  greatly  in  their  value,  and 
often  do  not  possess  any  digestive  property.  No  results 
whatsoever  can  be  looked  for  from  the  administration  of 
the  pancreatic  ferments. 

Whilst  the  usefulness  of  ferments  on  internal  adminis- 
tration is  therefore  a  very  limited  one,  the  case  is  quite 
different  with  in  vitro  digestion.  They  are  of  the  greatest 
value  in  the  preparation  of  predigested  food  {see  index). 

Another  use  to  which  the  proteolytic  ferments  may  be 
put  is  the  solution  of  croupous  or  diphtheritic  membranes  by 
local  application. 

I.   Proteolytic  Ferments. 

Pepsitium  (U.S.  P.,  B.  P.).— P^fjw.— Obtained  from  the  mucous 
membrane  of  the  stomach  of  the  pig  (or  sheep  or  calf,  B.  P.).  Capable 
of  digesting  not  less  than  3,000  parts  of  coagulated  egg-albumen 
(U.  S.  P.)  [2,500  parts,  B.  P.]  when  the  test  is  made  according  to  the 
official  directions. 

Various  processes  arc  used  in  its  manufacture.  The  product  may 
be  in  powder  or  scales.  It  is  soluble  in  water,  insoluble  in  alcohol, 
etc.  Dose:  0.2  to  I.O  Gm.  (3  to  15  grains)  (0.25  Gm,  =  4  grs., 
U.S.  P.). 
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*  Pepiinum  Saccharatum.—  SaceharaUd  Pepsin.—  Contains  i 
part  of  the  above  pepsin,  triturated  with  9  parts  of  sugar  of 
milk.  It  should  digest  300  times  its  weight  of  egg-albumen. 
Uose:  0.3  to  4.0  Gra.  (5  to  60  grains).  Combined  with  Bismuth 
bubnitrate  as  powder,  this  is  one  of  the  favorite  remedies  in 
infantile  diarrheas. 

*  Liquor  Pepiini    (N.  F.).— Pepsin    4.    Hydrochloric    Acid    1.2, 

Glycerin  32,  Water  to  100.  Dose:  4  to  8  c.c  (i  to  2 
drachms). 

*Liquor  Pepsi^  AromalicMs  (^N.  F.).- Contains  1-75%  Pep- 
sm,  1%  of  othcial  Hydrochloric  Acid  (=  )-3%  absolute,  Aro- 
matics,  Glycerm,  and  Water.  (Each  tluidrachm  =  i  grain  of 
Pepsin.) 

^Glyceritum  Pepsini  (N.  F.,  B.  P,).— 8.5%  Pepsin.  1%  Hydro- 
chloric Acid,  50%  each  Gljeerin  and  Water. 

A  similar  preparation  ("Essence  of  Pepsin")  is  made  by  ex- 
tracting the  stomachs  directly  with  glyceriiL 

*Eli^T  Pepsini   (N.F.).— 1.75%. 

*  Vinum  Pepsini  (N.  F).—  1.75%, 

It  is  probable  that  the  alcohol  in  the  last  two  preparations  causes  a 
gradual  deterioration  in  the  activity  of  the  ferment. 

Ponereatinum  (U.  S.  P.).— Pancreaftn.  A  mixture  of  ferments  pre- 
pared from  pigs'  pancreas.  Occurs  as  a  dry  powder,  soluble  in  water. 
Dose:  0.5  Qm.^yYi  grs.,  U.  S.  P.  Digests  best  in  alkaline  solution 
(1%  Sodium  Carbonate),  bat  also  somewhat  in  a  very  weakly  acid 
solution  (0,1%  HQ). 

At  least  four  ferments  are  present:  Trypsin  (acting  on  proteids)  ; 
amylopsin  (starch);  steapsin  (fats);  and  lactase  (inverting  lactose). 
The  proteolytic  digestion  goes  farther  than  that  produced  by  pepsin  ; 
care  must  therefore  be  taken  in  artificial  digestions  that  the  process 
is  not  carried   too   far,     Pancreatin   should   digest  25   times  its  weight 

Liquor  Pancreatis  (B.P.). —  s  c.c.  should  digest  80  c.c.  of  milk. 

*  Enlerokinase. —  A  ferment  contained  in  extracts  of  the  duodenum. 
Activates  the  proteolytic  ferment  of  pancreatic  juice.  Not  used  thera- 
peutically. 

'Papain  (Papoid,  Plant  Pepsin). —  A  proteolytic  ferment  from  the 
juice  of  the  unripe  fruit  of  Carica  Papaya.  Dose:  o.i  to  as  Gm.  (2 
to  8  grains).  For  solution  of  false  membranes,  used  in  5%  solution. 
Digests  in  either  acid  or  alkaline  medium  (not  in  neutral).  The 
commercial  preparations  are  often  inactive. 

A  number  of  other  plants  (Drosera,  etc.)  contain  similar  ferments, 

*Inglm'in. —  The  dried  and  powdered  membrane  of  chicken's  craw. 
Claimed  to  be  especially  useful  in  the  vomiting  of  pregnancy.  Dose: 
0.5  Gm..  one-half  hour  after  meals,  followed  by  3a  c,c.  (i  ounce)  of 
1%  (official)  Hydrochloric  Acid.    Claims  probably  exaggerated. 

II.  Amylolytic  Fermenta. 

Pancrealinum  (see  above)  also  possesses  an  amylolytic  ferment 
Maltum    (U.S.  P.).— Malt.    The    grain   of  barley    (HordtMm  rfw- 
tichon),  partially  germinated  artificially,  and  then  dried. 
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Exiraclvm  Malli  (U.S.  P.).— A  watery  extract  of  malt,  prq)ared 
at  55°  C.,  and  evaporated  at  this  temperature  to  the  consistence  of  a 
thick  honey.  Contains  dtastate,  which  digests  starch  in  neutral  or 
slightly  alkaline  medium.  The  extract  is  rich  in  carbohydrates,  and 
has  therefore  some  food-value.  Dose:  i6cc.^43,  U.  S.  P.  Many 
liquid  malt  extracit  are  in  reality  st'ong  beers. 

An  analogous  ferment  is  isolated  from  a  Japanese  mould,  Aspergil- 
lus oryzx,  and  marketed  under  the  name  of  Taka-ditulose.  Dose: 
ai  to  0.3  Gin.  (3  to  5  grains). 

(B)  SUMMMARY  OF  THE  THERAPEUTICS  OF 
DIGESTION. 

Notwithstanding  the  splendid  work  which  has  been  done 
of  recent  years  in  the  investigation  of  the  dyspepsias,  the 
causes  of  these  conditions  are  still  very  imperfectly  under- 
stood, and  the  treatment  is  essentially  symptomatic.  How- 
ever, if  carefully  carried  out,  the  removal  of  the  symptoms 
is  generally  followed  by  more  permanent  improvement. 
The  most  important  measure  in  this  respect  is  perhaps  a 
proper  regulation  of  Ike  diet.  The  subject  of  dietetics  can- 
not be  entered  into  in  this  treatise,  nor  can  any  rules  of 
general  applicability  be  laid  down.  An  intelligent  patient 
can  give  the  best  indications  as  to  the  diet  which  is  best 
adapted  to  his  particular  case,  and  if  this  is  adhered  to  for 
sufficient  time  improvement  usually  results. 

Any  attempt  at  a  rational  therapeutic  treatment  can  only 
be  based  upon  a  thorough  physical  and  chemic  examination 
of  the  existing  conditions ;  else  it  cannot  be  anything  but 
empirical  and  haphazard,  apt  to  do  more  mischief  than 
good.  When  the  pathologic  state  is  well  understood,  we 
may,  from  our  knowledge  of  the  physiology  of  digestion 
and  the  methods  by  which  this  may  be  modified,  arrive  at 
the  theoretic  indications  and  the  manner  in  which  these 
should  be  met.  Qinical  observations  made  with  all  the 
aids  of  modem  science  are  as  yet  hardly  sufficiently  numer- 
ous to  bear  out  these  theoretic  data. 

The  indications  are  as  follows : 

(A)  Gastritis,  Acute  or  Chronic. —  j.  Removal  of  the 
irritant,  whether  toxic,  undigested  food,  or  toxic  products 
arising  from  these.  These  indications  are  met  by  emptying 
the  stomach.  In  acute  cases  this  may  be  done  by  emetics, 
or  in  either  acute  or  chronic  cases  by  Itwage. 

3.  If  the  cause  lies  in  fermentation,  the  lavage  should  be 
carried  out  in  weakly  antiseptic  and  acid  solutions.     The 
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antiseptics  must,  of  course,  be  devoid  of  marked  toxicity. 
Boric  acid,  salicylic  acid,  salol  or  resorcin  are  well  adapted. 
The  acidity  should  be  that  of  the  normal  gastric  juice,  or 
about  0.2%  HCl. 

5,  Protection  of  the  organs  against  irritation.  This  may 
be  done  by  demulcents.  Especially  in  chronic  cases,  it  is 
best  to  employ  those  which  are  at  once  nutritive,  such  as 
milk  or  eggs.  With  irritant  poisons  mucilage  or  oil  may 
be  more  effectual, 

4.  Physiologic  Rest. —  This  may  be  secured  by  using  food 
with  the  minimum  of  indigestible  residue  and  the  maximum 
of  nutritive  value  to  a  given  bulk.  It  should  be  as  free  as 
possible  from  large  particles,  and  it  may  be  necessary  to 
use  it  entirely  in  liquid  form.  In  some  cases  it  will  be 
necessary  to  have  the  food  largely  predigested. 

5.  In  the  chronic  form  a  mild  irritation  may  be  indicated. 
This  may  be  secured  by  carbonated  waters,  by  salts,  or  by 
the  general  group  of  stomachics  —  bitters,  light  alcoholic 
beverages,  carminatives,  etc. 

(B)  Hyper  secretion  of  mucus  demands  lavage.  This  is 
rendered  more  efficient  if  a  small  quantity  of  alkali,  most 
usually  sodium  bicarbonate,  is  added.  The  latter  is  fre- 
quently beneficial  even  without  lavage.  The  astringents 
may  also  be  useful,  especially  bismuth  in  the  form  of  sub- 
nitrate. 

(C)  Anacidlty  demands  the  administration  of  acids  and 
bitter  stomachics.    Alkalies  are  contraindicated. 

Hyperacidity  causes  irritation,  and  should  be  removed 
by  alkalies.  The  irritation  may  be  lessened  by  the  admin- 
istration of  demulcents  or  of  oils, 

(D)  Absence  of  Ferments. —  The  ferments  were  sup- 
posed to  be  lessened  in  many  chronic  diseases,  as  chlorosis, 
tuberculosis,  etc.  There  is  no  proof  for  this  belief,  and  they 
are  generally  much  less  subject  to  change  than  the  acid- 
secretion.  It  is  established  that  they  are  often  deficient  in 
chronic  gastritis,  in  carcinoma,  and  in  certain  nervous  dys- 
pepsias; whilst  they  are  increased  in  other  cases  of  the 
latter  and  in  ulcers.  However,  it  is  doubtful  whether  the 
ferment  action  of  the  stomach  is  very  important 

Deficiency  of  pepsin  may  be  met  by  the  introduction  of 
the  artificially  prepared  ferment.  Notwithstanding  the 
doubts  which  may  be  entertained  as  to  its  theoretic  indica- 
tion, it  appears  to  give  clinical  results,  and  can  do  no  harm. 
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Papain  has  the  advantage  of  digesting  in  all  media.  The 
advantages  of  ingluvin  are  perhaps  doubtful.  Pancreatin 
can  do  no  good,  since  it  is  destroyed  in  the  stomach. 

The  secretion  of  ferments  may  be  stimulated  in  a  more 
rational  manner  by  stomachics. 

(E)  The  symptoms  of  dyspepsia  are  as  often  due  to 
motor  deficiencies  as  to  faulty  chemic  digestion.  The  in- 
dications in  this  condition  are  met  by  lavage;  small  amounts 
of  food  taken  at  frequent  but  regular  intervals ;  the  preven- 
tion of  fermentation  by  acids;  the  application  of  cold  and 
electricity;  the  administration  of  salts  or  nux  vomica. 

(F)  Many  cases  of  dyspepsia  are  purely  nervous;  i.  e., 
unconnected  with  any  pathologic  alteration.  In  these  cases 
the  education  of  the  patient  to  greater  confidence  is  of  most 
importance.  Of  drugs,  caflein,  nux  vomica,  and  bromids 
are  variously  successful. 

Some  of  the  clinical  symptoms  may  become  sufficiently 
prominent  to  require  special  treatment.  Pain  can  be  re- 
lieved by  heat,  or  if  necessary  by  narcotics;  gas  by  sodium 
bicarbonate ;  anorexia  by  stomachics ;  bad  taste  by  aromatics 
(myrrh). 

Intestinal  digestion  seems  to  require  no  special  aid  un- 
less bacterial  processes  supervene,  when  a  purge  will  answer 
the  indication.  If,  however,  the  intestine  is  the  seat  of 
inflammation,  or  when  excessive  food  is  needed,  it  may  be 
well  to  lessen  its  labor  by  the  administration  of  predigested 
foods. 

(C)  NUTRIENTS. 

Another  class  of  diseases  in  which  the  digestion  needs  special  atten- 
tion comprises  those  in  which  forced  nutrition  is  indicated.  These 
require  care  not  to  overtax  the  digestive  organs,  an  object  which  may 
be  secured  by  the  proper  selection  of  the  food  and  V  artificial  predi- 
BCStion.  The  subject  of  dietetics  cannot  be  entered  into  here  in  its 
hygienic  aspects,  but  only  in  so  far  as  it  relates  to  therapeutics.  The 
subject  of  infant  feeding  is  left  for  special  text-books.  The  treatment 
of  obesity  and  diabetes  is  also  studied  preferably  in  connection  with 

In  discussing  the  different  kinds  of  nutrients,  we  will  follow  the 
usual  classification  into  proteids,  fats,  and  carbohydrates;  but  it  must 
be  remembered  that  all  three  classes  must  be  administered  to  secure 
the  required  object. 

I.  Proteids. —  Of  the  various  meats,  young  lean  beet  is  in  most 
eases  the  most  easily  digested.  The  white  meat  of  fowl  enjoys  a  spe- 
cial reputation,  and  wliilst  most  clinicians  support  this,  no  chemic 
differences  between  it  and  the  dark  meat  have  yet  been  demonstrated. 
Cooking  in  any  form,  while  it  lessens  the  digestibility  m  vitro,  develops 
aromatic  products  which  act  as  stomachics.     Raw  meal,  finely  scraped, 
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is  very  highly  nutritious  and  easily  digested.  It  is  usually  flavored 
with  a  little  scraped  onion,  salt,  etc.  Care  must  be  taken  that  it  does 
not  contain  parasites.  It  has  been  claimed  that  dogs  fed  on  raw  meat 
resist  tuberculous   infection  better  than  ordinary  animals. 

Eggs  present  proteids  in  a  very  digestible  form,  especially  when 
soft  boiled.  They  have  the  disadvantage  that  they  soon  become  tire- 
some. Milk  contains  not  only  proteids,  but  also  carbohydrates  and 
fats.  It  also  quickly  becomes  tiresome  to  adults,  and,  further,  it  has 
a  tendency  to  produce  constipation.  The  former  objection  may  be 
obviated  by  giving  it  in  different  forms,  such  as  curd  {>roduced  by 
rennet,  as  koumiss,  etc.  The  proteid  of  milk  —  cheese  —  is  very  rich 
in  assimilable  nitrogen,  but  it  ts  often  not  very  digestible.  The  casein 
is  precipitated  from  th^  milk  in  the  stomach  by  the  rennin  and  acid. 
This  curd  is  finer,  and  therefore  more  digestible,  if  barley  water '  is 
added  to  the  milk. 

The  proteids  of  vegetableB  are  less  easily  assimilable  than  those 
of  animal  origin.  They  require  very  thorough  cooking.  Legumes 
are  liable  to  give  rise  to  flatulence  and  diarrhea,  through  bacterial  de- 
composition of  their  carbohydrate  constituents. 

Qelatin,  although  not  a  true  proteid,  contains  a  large  percentage 
of  nitrogen,  and  it  may  replace  the  proteid  constituents  of  the  food 
to  some  extent  (as  usually  given,  by  about  25%),  but  not  entirely. 
It  is  easily  digested. 

TypeB  of  Proteid  Preparation*. —  The  various  commercial  and 
domestic  products  may  be  reduced  to  the  following  types: 

(a)  Bouillon  and  Meat  Extracts.—  Bouillon  (beef-tea)  is  pre- 
pared by  boiling  meat  with  water;  the  extracts  t^  evaporating  the 
solution  to  a  semi- solid  consistency.  The  coagulable  proteids  are 
removed  by  this  process,  the  extract  containing  the  salts  of  the  meat, 
the  flavoring  substances  and  meat  bases  (xanthin  and  creatin  products) 
and  a  certain  amount  of  non-coagulable  proteid,  in  the  form  of  gela- 
tin, albumoses,  etc.  In  the  small  amounts  in  which  thev  are  used, 
these  preparations  contain  a  very  insignificant  quantity  of  nufn'm^nl. 
They  are,  however,  valuabte  as  stimulattts.  They  owe  their  action 
largely  to  the  odorous  principles  which  they  contain,  and  whkh  are 
excellent  stomachics. 

The  potassium  salts  have  also  been  invoked  to  explain  the  action, 
it  being  claimed  that  they  stimulate  the  heart  in  moderate  doses  and 
paralyze  it  in  large  doses.  But  the  dose  required  to  produce  the  for- 
mer effect  is  very  much  larger  than  would  be  administered  in  beef-tea. 

The  meat  bues  (xanthin,  hypoxanthin,  creatin;  etc.)  probably 
participate  in  the  stimulating  actions.  They  arc  closely  related  to  the 
cafTein  group  (Chapter  VlII),  since  they  are  all  purin  derivatives. 
These  are  especially  abundant  in  cellular  tissues  (thymus,  spleen,  etc.); 
the  quantity  in  different  varieties  of  meat  is  about  the  same.  Peas, 
beans,  oatmeal,  asparagus,  onions,  and  beer  also  contain  notable  pro- 
portions. They  have  been  blamed  for  the  production  of  gout,  but 
on  insufficient  evidence.  Nevertheless,  a  purin  free  diet  (eggs,  rice,  and 
milk)  seems  to  be  beneficial  in  nephritis  and  eclampsia.  About  So  to 
60%  of  the  ingested  purins  are  excreted  as  such  in  the  urine,  furnish- 
ing the  "  exogenous "  purin.  The  remainder  is  oxidized.  A  definite 
amount  of  the  urinary  purin  is  derived  from  cell  metabolism  (endc%- 

Bouillon.— One  kilo  of  medium  lean  beef  gives  2.5  L.  bouillon  of 
the  following  composition  (Gautier)  : 


arley  - 


1  prepared  by  washing  i   part  of  barlcT.  boilins  for  a  ihorl 
{   water,   straining  off  the  liquid,  and  boiling  the    renuinios 
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(Bouillon)    Per   Liter. 

{Gelatin  1.72 
Albumose  048 
Peptone   5.30 

Creatin  Bases  a9 

Xanthin    0.25 

Inosit  and   Glycogen 140 

Lactic  acid  0.20 

Extractives    4.60 

FeHPO*   002 

HCl    0.72 

CaHPO 0.13 

NaO    0.15 

KtSO.    0.35 

KJIPO.    2.60 

MgHPO.    o^ 

19.11 

Beef-tea  made  with  dilute  HCl  (0.2%  to  0.4%)  instead  of  water. 
It  would  seem  on  theoretic  grounds  that  this  could  be  niade  quite  nu- 
tritious, although  there  are  few  clinical  data.  Alkali  albuminates  de- 
raiiKe  the  stomach. 

'Extraclum  Cornis  Lifbig. —  Beef-extract. —  An  evaporated  decoctioa 
of  meat. 

Composition  of  Liebig's  Extract: 

Per  Cent.     (Gautieb.) 

Water    15.26 

Qiagulable  proteids    0.05 

AitamV:::;.::;;;:::::;!^  !■*"'•»»'■'■'• s^m 

Peptone    26.c^ 

Creatin  bases    8.3a 

Xanthin  bases  o.8g 

Inosit  and  glycogen,  ,2.20  to  4.25 

Extractive  matter  ii.go 

Soluble  mineral  salts 21.26 

Insoluble  mineral  salts 1.13 

Anj;  oiher  similar  preparation  of  meat-extract  may  be  used  instead* 
*Vinum  Camis    (N.  F.).— WiW  of  Beef:   35%  Liebig's  extract   in 

*Vinum  Camis  et  Ferri  (t1.F.).—  Beef.  Iron,  and  U'ine:  The  pre- 
ceding with  14%  of  iron  chlorid. 

*  yitMim  Carnis,  Ferri  et  Cinchona  (N.  F.)  contains,  in  addition, 
0.3%  cinchona  alkaloids. 

(b)  Beef  Julcea.— Tissue  fluid,  expressed  from  meat  without  heat. 
Their  advantage  lies  simply  in  the  mechanical  removal  of  the  fibers. 
They  contain  6%  to  12%  of  coagulaWe  proteid.  and  theoretically  at 
least,  it  is  difficult  to  see  in  what  way  they  would  be  superior  to  raw 
eggs  mixed  with  beef-tea.  which  would  be  very  much  cheaper.  Per- 
haps they  are  more  digestible. 

(c)  Insoluble  Meat  Powder*. —  These  are  only  important  as  cheap 

>Thc   chfinial   coinpoiilion   of  ■  number  of  meat  utncti.   etc.  ii   given  bjr 
HcGill,    1899. 
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meat  substitutes.  They  consist  of  the  poorer  parts  of  meat,  or  of 
vegetable  p  rote  ids,  rendered  inodorous  by  prolonged  boiling  with 
oxidizing  agents.  Tropon  ('A  animal  and  H  vegetable  proteid) ; 
SosoH  (milk)  ;  Roborat  (cereals)  may  be  counted  in  this  class. 

(d>  Casein  Products.—  A  large  number  of  casein  products  have  been 
placed  on  the  market  They  present  a  very  concentrated  form  of  as- 
similable proteid  food,  which  may  be  added  to  soup  or  baked  into 
bread.  (Daily  dose=i5  to  45  Gm.  — 2  to  6  even  tablespoons.)  Their 
concentration  makes  them  valuable  in  anorexia,  whilst  the  absence  of 
purin  derivatives  makes  them  preferable  to  meats  in  nephritis  and 
uric  acid  diathesis.  They  can  be  prepared  much  more  cheaply  than 
meat  products. 

Fresh  Casein  can  be  prepared  at  home  by  coagulating  skim-milk  at 
28  or  30°  C.  with  rennet,  and  straining  after  >j  hour. 

The  commercial  products  (which  are  much  more  expensive)  are 
for  the  most  part  casein-salts  of  alkalies:  Th^  constitute  tasteless 
powders,  soluble  in  water,  containing  about  13%  of  nitrogen.  The 
most  important  are :  PUumon  and  Nutrose  (sodium  compounds)  ; 
Eukasin  (ammanium),  and  Sanatogen  (calcium  glycerinophosphate)  ; 
Galactogen,  Eulactol. 

These  products  have  alkaline  properties,  which  may  be  objection- 
able. This  is  avoided  in  Sanose.  in  which  the  casein  is  emulsified  by 
the  addition  of  25%  of  albumose.' 

(e)  Predlgestlon  of  Foods  of  all  Kinds.—  This  is  undertaken  with 
the  view  of  relieving  the  digestive  organs  of  part  of  their  labor.  It  is 
especially  useful  in  rectal  alimentation. 

Carbohydrates  may  be  converted  into  glucose ;  fats  may  be  emulsi- 
fied ;  and  proteidi  may  be  converted  into  acid  or  alkali-albumin  and 
into  albumoses,  etc.  It  has  been  found  experimentally  that  these  de- 
rived p  rote  ids  can  completely  replace  the  native  proteids  of  the 
diet,  and  it  may  be  assumed  that  they  tax  the  digestive  organs  less. 
If  the  predigestion  is  carried  beyond  the  stage  of  albumoses,  the  result 
is  less  satisfactory;  the  final  products  of  pancreatic  digestion  especially 
are  useless  to  the  body.  Furthermore,  excessive  digestion  imparts  a 
disagreeable  bitter  taste  and  renders  the  preparations  irritant,  so  that 
it  must  be  avoided.  The  taste  is  less  marked  if  strict  asepsis  is  ob- 
served during  the  digestion.  It  can  also  be  disguised  by  the  addition 
of  aromalics  or  of  meat  extract. 

The  means  employed  tor  predigestion  are  various.  Starches  are 
boiled  and  then  treated  with  diastase  of  any  kind,  most  commonly  in 
the  form  of  malt  extracts.  Fats  are  emulsified  mechanically.  For 
mixed  foods,  such  as  milk,  pancreatin  is  preferred.  For  proteids,  pep- 
tie  digestion  or  prolonged  heating  with  dilute  acids  is  preferred. 

Many  of  these  predigestions  can  be  done  economically  at  home. 

General  Rules  for  the  Preparation  of  Predigested  Foods  of  All 
Kinds.— The  meat  should  be  lean  and  finely  hashed.  Starch  should 
be  boiled.  The  mixture  is  brought  to  about  blood  heat,  the  ferment 
added,  and  the  healing  continued  at  this  temperature  for  one-half  hour 
(milk),  or  two  or  three  hours   (meat). 

The  quantity  of  ferment  to  be  employed  and  the  reaction  of  the 
medium  are  as  follows,  using  the  United  States  Pharmacopeia  I  prep- 
arations : 

Pancreatin,  Milk:  For  I  pint  take  5  grains  pancreatin  and  aj  grains 
sodium  bicarbonate,' 

'The  lil»falufe  of  arlificial  oroleid  foods  a  givm  by  Hullgren.  1902. 
'Pancrtaim   and   Scda    TabUii.    coniaining   0.15    Gm.    of   paDcreiliTi    and   o-s 
f"!.  ?(  "  -"■"  ''^"t*'''""*'  "*  "'"'"'(•cW'Td-     A  uhlel  suflieei  for  ih«  digoHm 
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Rennet,  Milk:    For  I  pint  take  J^  drachm  Liquor  Seriparus,  N.F. 

Pepiin,  Meat:  For  i  pound  take  3  pints  water,  2  drachms  Dcoain.  t 
ounce  dilute  HO,  U.  S.  P.    Flavor  with  meat  extract 

(f)  Commercial  Predlgnted  Foods,  Solid.— The  meat  products 
consist  mainly  of  albumoses,  although  they  are  commonly  called  "  pep- 

•  Wine's  peptone  is  liot  used  as  a  food,  on  account  of  its  bitter  taste. 

'Sotnatose  appears  to  be  the  most  practical  form  of  administering 
meat  albumoses.  It  occurs  as  a  soluble,  almost  tasteless,  powder, 
which  is  stirred  into  coffee,  ^rucl,  etc.  Its  dose  for  aduits  is  given  as 
10  to  IS  Gm.  per  day.  A  similar  product,  Milk-Somatose,  is  obtain- 
able from  milk. 

Bjr  evaporating  carefully  prepared  peptic  meat-digests  to  a  syrupy 
consistency,  an  extract  can  be  obtained  which  contains  suflkient  nitro- 
gen to  be  available  as  food;  when  it  is  flavored  with  meat  extract 
and  condiments,  it  is  not  unpalatable. 

te)  Liquid  Predigekted  Foods  {Liquid  Pepionoids,  Panopeptone, 
etc.). —  These  proprietary  preparations  contain  5  to  6%  of  peptonized 
proteid,  12.5  to  16%  of  carbohydrates  (saccharose,  dextrin,  and  ffla- 
cose) ;  and  14  to  17%  of  alcohol.  The  proteid -content  is  about  i^i 
times  that  of  milk,  the  carbohydrates  about  three  times.  The  'daily 
dose  (3  to  12  tablespoons)  would  represent  only  0,4  to  1.6  Gms.  of 
nitrogen,  and  7  to  28  Gms.  of  carbohydrates.  It  is  evident  that  their 
food-value  is  of  little  significance.  The  "  restorative  "  qualities  claimed 
for  these  products  are  due  to  the  alcohol  which  they  contain,  and  are 
in  no  sense  "  marvellous." 

a.  Fait, —  Fats  are  the  most  extensive  source  of  energy,  and  they 
may  to  a  certain  degree  save  proteids.  They  are  especially  useful  in 
conditions  of  emaciation,  such  as  are  found  in  tuberculosis,  etc 

The  digestion  of  fats  in  large  amounts  presents  considerable  diffi- 
culty. Since  they  are  practically  insoluble,  it  is  evident  that  their 
absorption  will  be  largely  facilitated  t^  having  them  in  very  fine 
subdivision ;  in  other  words,  by  emulsiocation.  The  fats  which  are 
fluid  at  body  temperature  are  therefore  more  easily  digested  than 
those  which  are  solid  (Moore,  1904),  There  is  no  material  difference 
in  the  digestibility  of  animal  and  vegetable  fats. 

The  emulsification  is  very  greatly  favored  by  the  presence  of  free 
fatty  acids,  which  can  form  soaps  with  the  sodium  carbonate  of  the 
intestinal  fluid;  these  soaps  act  as  emulsifiers.  The  digestibility  of 
the  different  fats  is  therefore  generally  proportionate  to  the  amount 
of  free  fatty  acid  contained  in  them. 

Cod  liver  oil,  which  contains  considerable  free  acid,  is  consequently 
the  most  easily  digested  (Buchheim,  1874)-  It  also  penetrates  mem- 
branes readily,  perhaps  on  account  of  its  cholesterin  content.  Even 
large  quantities  are  readily  absorbed,  although  they  may  derange  a  deli- 
cate digestion;  but  they  do  not  ordinarily  cause  caltharsis. 

The  superiority  of  this  oil  over  other  fats  is  so  striking,  that  other 
explanations  have  been  sought.  The  effect  has  been  attributed  to  the 
non-fatty  constituents,  which  may  be  removed  by  alcohol  (constituting 
the  so-called  extracts,  or  " lasleless"  preparations);  to  the  ptornains, 
cholesterin,  traces  of  iodin  and  bromin,  etc.  The  evideiKe  for  this 
theory  is  very  weak.  These  products  are  certainly  worthless  nutrients. 
On  the  other  hand,  an  artificial  substitute  for  cod  liver  oil,  made  by 
adding  1  part  of  oleic  acid  to  6  of  olive  oil  (lipanin),  has  been  fairly 
successful. 

Oleum  MorrhnK  (U  S.  P..    B,  P.)     (.Oleum    lecoris    Aselh).—  Cod 
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Liver  Oil. —  A  fixed  oil  from  the  fresh  livers  of  Gadut  Morrhua  and 
other  species,  Pisces. 

Besides  the  ordinary  constituents  of  animal  fats,  it  contains  a  large 
proportion  of  free  fatty  acids ;  it  also  contains  biliary  constituents  and 
traces  of  iodin  and  phosphorus  and  ptomains,  the  quantity  of  the  lat- 
ter varying  with  the  time  that  the  livers  have,  lain  before  the  extrac- 
tion of  the  oil. 

Dose:  8  to  15  c.  c.  {2  to  4  drarfims),  best  given  in  emulsion. 

EmuUitm  Oiei  Morrkua  (U.S.  P.— 50%  of  the  oil,  emulsified  with 
acacia,  and  flavored  with  oil  of  gaultheria.  Any  other  flavor  may  be 
specified.    Dose:  twice  the  preceding  (8  c.c.  =  25,  U.S.P.). 

Emuls.  01.  Morrh.  cum  Hypophosphitibus  (U.  S.  P.).— The  above 
emulsion,  with  the  addition  of  the  hypophosphites  of  calcium,  potas- 
sium, and  sodium.     Dose:  as  the  preceding. 

Emultions  of  petroleum  have  also  been  introduced  as  nutrients,  but 
are  entirely  unabsorbable  and  without  action,  except  as  intestinal 
emollients  (Hutchison,  1899). 

Butter  is  also  very  digestible,  since  the  globules  of  fat  which  form 
it  are  in  a  state  of  fine  subdivision.  This,  of  course,  does  not  hold 
true  of  butter  which  has  been  melted,  and  which  is  no  more  digestible 
than  other  melted  fats. 

The  least  digestible  of  fats  is  the  fatty  tissue  in  which  the  cells  are 
intact,  such  as  bacon,  etc.  However,  a  healthy  individual  is  able  to 
digest  perfectly  moderate  amounts  of  any  faL  The  differences  become 
important  only  when  very  large  quantities  must  be  taken,  or  when  the 
digestion   is  deranged. 

3.  Carbohydrates.— These  are  also  useful  as  sources  of  energy  and 
possibly  for  the  formation  of  fat.  They  cannot,  however,  save  pro- 
teids  as  efficiently  as  the  direct  addition  of  fat  to  the  diet.  Carbo- 
hydrates may  be  given  in  the  form  of  starch  or  sugar.  Both  are  for 
the  most  part  converted  into  glucose  before  being  absorbed.  The 
digestion  presents  considerable  difficul^  in  the  case  of  raw  starch,  so 
that  a  thorough  boiling  is  essential.  The  finer  starches  (arrow-root, 
tapioca,  sago,  salep,  etc.)  used  for  invalids,  possess  mainly  the  advan- 
tage of  a  finer  flavor. 

The  starches  of  the  leguminous  plants  are  not  so  easily  digested  as 
those  of  the  cereals.  Starches  may  also  be  predigested  by  malting. 
Such  preparations  found  on  the  market  as  "  matted  foods  "  are  superior 
to  glucose  or  cane-sugar  by  causing  less  gastric  irritation. 

Decoctions  made  from  Irish  and  Iceland  moss  also  serve  to  some 
extent  as  nutrients,  but  the  gums  of  which  they  are  constituted  do 
not  digest  very  readily.  Glycerin  also  aids  in  saving  the  proteids  to 
a  small  extent,  but  would  not  be  given  as  food.  The  rules  for  alcohol 
have  been  discussed  in  connection  with  this  drug  (see  Index). 

Levulose  has  been  recommended  as  a  substitute  for  sugar  in  diabetes 
since  it  is  utilizable  when  other  carbohydrates  are  not.  It  occurs  on 
the    market    as    Di<Aetin.    Its    use   has    not,   however,    become   very 

MATERIA  MEDICA. 

Saccharum. —  See  Index. 

Amylunii. — Starch. —  The  official  is  the  corn-starch,  but  the  other 
starches  act  similarly.  They  are  also  used  as  nutrients.  Arrow-root 
is  often  given  for  the  latter  purpose.  They  are  boiled  with  water;  the 
flour  may  also  be  used,  but  is  not  as  smooth  r 
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Amj-lum  (Maidis)  =  corn-starch. 
Tritici       =  wheat  starch. 
■'        OryzK        ^  rice  starch. 
Tapioca,  Sago,  etc.,  belong  rather  to  the  nutrients. 
The  starches  may  be  distinguished  microscopically  (Fig.  t,  page  32). 
Oatmeal  porridge  is  a  convenient  way  of  administering  pills  or  pow- 
ders, these  being  placed  in  the  center  of  some  of  the  porridge  in  a 

Other  demulcents,  not  quite  as  often  used  for  this  purpose,  are  the 
following.     They  are  all  used  as  decoctions ; 

* Salep. —  The  tuber  of  various  species  of  Orchis;  contains  gum  and 
starch. 

*  Dextriauni. — Dextrin. —  Prepared  by  healing  starch  with  nitric 
acid.  Presents  all  the  characters  of  gum  arabic,  and  fonns  the  prin- 
cipal ingredient  of  commercial  mucilages.  A  good  formula  for  this  is 
the  following  (Sykes) :  Mix  180  Gm.  of  dextrin  with  180  c.  c.  cold 
water;  add  240  c.  c.  boiling  water  and  boil  five  minutes,  stirring  con- 
stantly. Add  hot  water  q.  s.  400  c.  c.  When  cold,  add  30  c  c.  dilute 
acetic  acid,  10  drops  carbolic  acid,  and  30  c.  c.  of  glycerin,  previously 

Bectal  Feeding. —  This  becomes  necessary  when  alimen- 
tation by  the  mouth  is  inadmissible.  Carbohydrates  are 
well  absorbed  by  this  channel ;  fats,  undigested  proteids, 
milk  and  casein  poorly.  The  absorbability  may  be  increased 
by  pancreatic  predigestion  (Reach).  Rectal  alimentation 
suffices  for  only  a  limited  time,  varying  with  the  previous 
condition  of  the  patient,  especially  as  regards  adipose  tis- 
sue.' 

The  food  is  introduced  into  the  rectum  in  the  form  of  enemata. 
These  must  be  made  as  non-irritant  as  possible;  i,  e.,  they  must  not 
be  too  concentrated,  and  must  be  used  m  smalt  quantities,  of  i  to  8 
ounces  at  each  injectioa  The  constituents  must  of  course  all  be  in 
the  liquid  form. 

Snbctitaneous  feeding — alimentation  by  subcutaneous  injections  — 
has  also  been  attempted.  This  is  impracticable  for  proteids  and  carbo- 
hydrates, for  their  injection  causes  a  nephritis  if  they  are  used  for 
some  lime.  Nor  are  they  of  any  use  as  nutrients,  for  while  the  proteids 
ate  burned  in  the  organism,  they  do  not  seem  to  save  any  other  con- 
stituents, and  animals  die  even  more  quickly  than  when  simply 
starved.  Glucose  is  utilized  somewhat  more  efficiently,  dextrin  and 
gb^gen  only  moderately,  and  saccharose  scarcely  at  all  (Mendel  and 
Mitcliell,  igo5).  Oil,  however,  can  be  very  well  given  by  this  method; 
10  to  100  Gm.  per  day  of  olive  oil  being  slowly  injected  mto  the  subcu- 
taneous tissues  with  the  same  technique  as  is  used  for  the  injection 
of  antitoxic  serums.  The  absorption,  however,  is  so  slow  that  these 
injections  are  almost  worthless  (Winternilz,  1903 ;  Henderson  and 
Crofutl,  1905). 

'A  pitient  may  be  kept  alive  for  6  dayi  by  the  exclusive  uie  of  three 
cBtmali  per  day,  euh  containinR  3>;a  c.  c.  of  milk,  one  yolk  of  egg,  one  knife 
imot  of  ull,  w!lh  ume  flour  and  claret. 
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(D)   GENERAL  TONICS  AND  ALTERATIVES. 

These  terms  are  used  very  loosely.  They  relate  to  purely 
clinical  phenomena,  without  taking  into  account  the  under- 
lying action.  As  therapeutic  groups,  therefore,  they  include 
a  very  heterc^eneous  collection  of  remedies. 

Tonics  are  defined  as  remedies  which  improve  the  general 
health,  vigor,  and  energy  of  the  patient;  Alteratives,  as 
those  which  alter  metabolism.  The  latter  are  usually  em- 
ployed for  the  production  of  tonic  effects. 

Tonics  and  Alteratives  are  found  generally  useful  in  all 
conditions  in  which  there  is  faulty  nutrition.  This  may 
arise  from  faults  of  diet  or  digestion ;  from  excessive  or  in- 
sufficient use  of  tissue ;  from  faulty  oxidation  or  excreticMi 
of  waste-products ;  or  from  other  perversions  of  metabolism 
not  at  present  understood.  Such  conditions  occur  almost 
invariably  in  the  course  of  chronic  disease  or  poisoning.  In 
other  words,  whenever  one  or  more  organs  are  prevented 
from  fulfilling  their  function  in  a  normal  manner,  the  nutri- 
tion of  the  whole  body  suffers,  and  the  phenomena  of  gen- 
eral lassitude,  want  of  energy,  nervousness,  neurasthenia, 
etc.,  make  their  appearance. 

When  the  underlying  cause  can  be  discovered  and  re- 
moved, this  will  also  remove  the  symptoms.  But  in  many 
cases  this  is  impossible,  and  the  conditions  must  be  treated 
symptomatically.  Certain  tonic  measures  are  then  always 
indicated  and  of  benefit :  Diet,  attention  to  the  stomach 
and  intestine,  stomachics  and  nutrients,  hygiene,  exercise,  or 
rest,  baths,  climate.  Certain  "  nerve-tonics  "  are  also  gen- 
erally useful.  These  are  drugs  which  increase  the  irrita- 
bility of  the  spinal  cord,  and  hence  the  reflex  tone,  which  is 
usually  low  in  these  conditions.  Strychnin  is  the  most 
typical  of  this  class. 

When  the  cachexia  is  more  profound, —  as  in  tuberculo- 
sis, tumors,  anemias,  in  the  "  dyscratic  diseases," —  these 
tonics  will  scarcely  be  sufficient,  although  always  useful. 
Recourse  is  then  had  to  alteratives. 

The  value  of  this  class  of  drugs  was  established  empir- 
ically, and  was  at  first  considered  more  than  doubtful,  when 
the  critical  spirit  of  rational  therapeutics  subjected  them  to 
scientific  inquiry.  Direct  experiments  intended  to  demon- 
strate their  action  upon  metabolism  gave  very  inconstant 
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results,  nor  were  the  clinical  data  at  all  uniform.  However, 
experience  speaks  so  strongly  in  their  favor  that  most  mod- 
em pharmacologists  and  clinicians  acknowledge  their  action. 

The  inconstant  results  are  not  surprisine-  Indeed,  we  know  much 
less  about  their  action  than  is  generally  supposed.  When  we  stop  to 
consider  that  even  in  metabolism-experiments  on  animals  at  least  three 
factors  are  involved  —  absorption,  metabolism,  and  excreiion  —  and 
thai  each  of  these  will  be  modified  by  a  number  of  side-actions,  it  will 
be  plain  that  the  results  will  not  be  easy  to  interpret.  A  consultation 
of  the  original  literature  impresses  one  with  the  fact  that  the  increase 
or  decrease  of  nitrt^ren  excretion  noted  in  most  experiments,  and 
quoted  as  decisive  in  most  text-books  on  therapeutics,  is  so  small  as 
10  fall  within  Ihe  natural  variations,  and  may  be  purely  accidental. 
Indeed,  the  number  of  drugs  of  whose  effect  on  metabolism  we  can 
feel  certain  is  growing  less  and  less.  Nor  are  we  any  better  off  in 
regard  to  the  disturbance  of  metabolism  in  the  diseases  themselves. 
In  such  diseases  as  scurvy,  gout,  diabetes,  phthisis,  chlorosis,  and 
carcinoma,  where  there  is  undoubtedly  marked  nutritive  derangement, 
the  study  of  the  metabolism  by  our  present  methods  presents  no  strik- 
ing peculiarities.  The  fact  of  the  matter  is,  that  the  examination  of 
the  end-products  gives  us  but  very  little  indication  of  what  really  oc- 
curs in  metabolism,  and  yields  but  very  little  insight  into  what  appear 
to  be  some  of  its  most  important  phases.  We  may  conceive,  for  in- 
stance, that  the  amount  of  N  absorbed  and  excreted  is  quite  normal, 
but  that  in  its  disassimilation.  the  molecule  fails  to  pass  through  some 
particular  stage  necessary  to  the  organism. 

The  pharmacologist  may  predict  that  for  certain  reasons  a  certain 
poison  is  bound  to  produce  some  modification  in  tissue  change.  The 
clinician  may  record  that  it  is  beneficial  in  a  certain  proportion  of 
cachectic  disease  of  a  certain  type.  But  as  long  as  the  former  cannot 
predict  the  nature  of  the  change  in  all  its  phases,  nor  the  latter  explain 
the  nature  of  the  condition  which  he  finds  benefited,  so  long  will  a 
rational  application  of  alteratives  be  impossible.  They  must  be  tried 
empirically  in  everj;  case,  one  after  the  other.  Used  in  this  way,  they 
are  often  very  serviceable. 

The  principal  exceptions  to  this  empiricism  are  the  bene- 
fits of  thyroid  in  thyroid  disease  and  in  obesity ;  of  ovarian 
substance  in  post-climacteric  conditions ;  and  possibly  those 
of  mercury  in  syphilis. 

From  a  pharmacologic  standpoint  we  may  conceive  the 
action  of  these  substances  on  the  cells  as  being  due  to : 

1.  Irritation  as  molecular  ioreign  bodies  (neutral  salts, 
especially  lodids;  alcohol). 

2.  Change  of  reaction  of  tissues  (acids  or  alkalies). 

3.  Direct  diminution  of  oxidative  changes  (P,  As)  or  N 
metabolism  (quinin). 

4.  Substitution  of  their  own  molecules  for  those  of  the 
tissues  (alcohol,  fats). 

The  numerous  vegetable  alteratives  are  either  entirely 

1—4!) 
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inactive  or  owe  their  action  to  the  presence  of  bitter  or 
cathartic  principles,  and  are  discussed  in  those  groups. 

MATERIA  MEDICA. 

Guaiaei  Lignum  (B.P.).— The  heart-wood  of  Guaiacum  oMeinale, 
Zygophyllea; ;  West  Indies  and  other  parts  of  America.  Contains  3o 
to  25%  of  the  Resin  and  some  saponin  (a  trace  of  the  latter  is  also 
contained  in  the  resin).  There  is  some  reason  to  believe  that  the 
saponin  is  the  bearer  of  the  action,  which  is  nauseant  and  purgative. 
Guaiac  is  an  almost  obsolete  remedy  for  syphilis,  gout,  rheumatism, 
tuberculosis,  etc.  It  was  introduced  soon  after  the  discovery  of 
America, 

GuaiacHin  (U.  S.  P.)  [Guaiaci  Resina,  B,  P.]  (Gum  Guaiac).— The 
resin  of  the  above.  8s%  of  this  is  sol,  in  alcohol.  It  contains  a  num- 
ber of  resinous  acids,  especially  guaiaconic  acid,  which  is  colored  blue 
by  oxidation.    Dost:  i  Gm.^15  grs, 

Mistura  Guaiaci  (B.  V.).—  Doie:  15  to  30  c.c.  (J^  to  i  or.). 

Tinctura   Guaiaci    (U,  S.  P.).— 20%,     Alcohol.    4   c.c.  =  l5. 

Tinctura  Guaiaci  Ammoniata  (U.  S.  P.,  B.  P.),— 20%.  Made  with 
aromatic  spirits  of  ammonia.    2  c.  c.  =  30  m, 

Trochisci  Guaiaci  Resintt  (B.  P.).— Each  conjains  o.a  Gm.  (3  grs.). 
Dose:  2  to  4  c.  c. 

Sabal  {\3.S.V.).—  {Saw  /'a/mct/o.)  — The  partially  dried  ripe  fruit 
of  Sereuoa  serrulata,  Palmx,  Statements  as  to  presence  of  alkaloids 
and  volatile  oils  are  contradictory.  Recommended  as  nutritive  tonic, 
alteralive,  in  respiratory  diseases,  digestive  disturbances,  as  aphro- 
disiac,   etc.,   etc.    Of   very   doubtful    value.    Dose:    i    Gm,  =:  15   grs,, 

u.  s,  p. 

'Jambul. —  The  fruit,  leaf,  or  bark  of  Sytygium  Jambutana,  Myrta- 
cex.  Eastern  Asia,  It  contains  an  essential  oil,  tannin,  and  probably 
a  gtncosid.  It  has  been  recommended  in .  Diabetes  Mellitus  in  doset 
of  ai  to  0,5  Gm.  of  the  fruit  (5  to  8  grains).    Efficiency  doubtful. 

*  Choiuimcogra  Oil. —  A  fixed  oil  from  Ihe  seeds  of  Gynotardia 
odoraia,  Bixinex,  Malay  peninsula  and  North-eastern  India.  Of  tem- 
porary benefit  in  leprosy,  but  does  not  give  ^rmanent  cure.  Its  stop- 
page causes  collapse.  The  use  is  purely  empirical.  As  it  becomes  very 
nauseating,  it  is  best  given  hypodermicalty,  in  doses  of  0,3  lo  0,8  Gm. 
{5  to  10  drops).     The  oral  dose  is   i   to  3  Gm,   (15  to  45  grains)  per 

The  oil  is  buttery,  of  greenish  yellow  color  and  peculiar  odor  and 
taste.  It  contains  18%  of  gyno-cardic  acid,  which  has  also  been  used, 
in  doses  of  0,03  to  0,2  Gm.  (J^  lo  3  grains), 

(Power  and  Barrowdiff  state  that  the  ordinary  oil  is  derived  from 
the  seeds  of  Taraktogenos  Kureii) . 

*  Echinacea. —  The  root  of  Echinacea  auguslifolia,  Compositse,  West- 
ern United  States,  Advanced  as  sialogogue,  diaphoretic,  and  general 
alterative.  The  claims  appear  extravagant.  Dose,  I  to  3  Gms.,  (15 
to  30  grains),     (Lloyd,  1904;  Madden,  1905.) 

■Not  effidd. 


.dbyGoogle 


PART   III. 

LABORATORY  COURSE  IN  PHARM- 
ACOLOGY. 

CHAPTER  XXXIII. 

INTRODUCTION. 

Th«  Object!  and  Methods  of  Laboratory  Inatruction. —  It  seems 
quite  superfluous,  at  this  time,  to  insist  on  the  great  vaJue  of  labora- 
tory Instruction.  It  may  be  well,  however,  to  summarize  the  objects 
which  it  must  keep  in  view.  These  consist  in  imparting  information, 
in  developing  an  understanding  of  the  subject,  and  in  acquiring  a 
technical  training.  The  information  which  can  be  derived  directly 
from  laboratory  work  forms  the  proper  basis  of  didactic  instruction : 
It  facilitates  the  understanding  of  those  facts  which  are  deduced  from 
experiments;  it  illustrates  their  value  and  their  limitations;  it  im- 
presses ihem  on  the  memory.  The  training  of  a  laboratory  course 
cultivates  manual  dexterity,  and  what  is  more  important,  it  fosters  the 
"scientific  spirit" — the  judicial  attitude  of  mind  which  requires  the 
objective  demonstration  of  all  statements  and  theories,  and  which  de- 
duces from  these  objective  data  the  conclusions  which  they  justify  — 
no  more  and  no  less.  The  ultimate  goal  of  this  instruction  should  be, 
to  enable  the  student  to  deal  critically  and  independently  with  the 
matter  which  is  presented  to  him ;  to  give  him  a  more  vital  grasp  of 
the  whole  subject  of  pharmacologic  knowledge ;  and  to  generate  and 
stimulate  a  heaJthy  thirst  for  further  information. 

The  course  of  instruction  which  will  meet  these  requirements  in 
the  best  attainable  manner  must  vary  somewhat  with  the  resources 
at  the  command  of  the  department ;  with  the  size  of  the  classes ;  and 
with  the  special  qualifications  of  the  students  and  instructors.  This 
applies  particularly  to  the  total  time  which  can  be  devoted  to  laboratory 
work,  and  its  apportionment  to  class-demonstrations  and  to  individual 
work  by  the  students.  The  most  thorough  training  would  probably 
be  obtained  if  the  student  were  to  perform  every  experiment  for  him- 
self, with  a  minimum  of  aid  from  the  instructor.  The  time  which 
would  be  required  for  this  purpose  is,  however,  quite  prohibitive ;  nor 
Is  this  plan  essential.  Demonstrations  —  arranged  in  such  a  manner 
that  every  student  can  see  the  experiment,  and  so  that  as  many  as 
possible  may  assist  in  its  performance  —  are  almost  as  useful  as  re- 
gards the  information  acquired,  and  can  be  substituted  for  a  consid- 
erable number  of  Individual  experiments  in  regard  to  the  training; 
especially  if  the  student  has  himself  performed  similar  experiments. 
They  cannot,  however,  replace  individual  work  completely,  and  as 
much  of  this  should  be  given  as  time  and  material  permit.  The  demon- 
strations are  advantageously  shown  in  connection  with  the  Individual 
laboratory  work ;  the  students  being  called  from  their  experiments  to 
watch  the  results  of  the  demonstrations.    This  economizes  time  when 
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lengthy  preparation  or  intermittent  observations  are  involved;  it  fa- 
cilitates  the  co-operation  of  the  students  and  demonstrators;  and  it 
emphasizes  the  close  relation  of  the  demonstrations  and  of  the  indi- 
vidual work.  Another  expedient  of  economy,  which  is  extensively 
utilized  in  this  course,  consists  in  having:  parts  of  the  class  perform 
analogous  experiments,  but  with  different  drugs;  the  results  of  each 
section  being  demonstrated  and  reported  to  the  entire  class.  A  great 
deal  of  time  can  also  be  saved  by  having  the  apparatus  and  reagents 
in  good  order,  systematically  arranged,  and  conveniently  accessible. 
The  student  should  co-operate  in  this  by  keeping  his  working-place 
neat  and  clean. 

Even  with  ihe  closest  management  of  the  time,  it  is  naturally  im- 
possible to  present  every  possible  pharmacologic  experiment  to  the 
class.  Those  experiments  should  be  selected  which  demonstrate  funda- 
mental facts  and  methods  in  the  simplest  manner.  Experiments  which 
consume  much  time,  or  which  are  beset  with  special  di£Gculties,  or 
which  are  so  exposed  to  accidents  that  they  are  more  apt  lo  fail  than 
to  succeed  in  the  hands  of  elementary  students,  are  not  suited  to  the 
conditions  of  an  ordinary  laboratory  course,  and  may  be  left  to  ad- 
vanced students  who  wish  to  devote  extra  time  to  the  subjects.  Brief 
directions  for  some  of  these  experiments,  and  also  for  those  which  are 
ordinarily  performed  in  the  physiology  course,  are  introduced  as 
"optional  experiments."  These  should  be  studied  by  all  students. 
They  can  be  extended  indefinitely  by  the  use  of  the  dose-tables  in 
Chapter  XXXIX.  The  regular  experiments,  which  are  described  in 
Chapters  XXXV  to  XXXVII,  are  sufficient  for  the  general  medical 
curriculum,  in  the  author's  opinion. 

The  mere  performance  of  these  experiments  has  only  a  very  limited 
value  if  the  student  does  not  study  them  exhaustively.  He  should  have 
a  definite  conception  of  the  object  of  each  experiment  before  he  under- 
takes its  performance ;  and  he  should  render  to  himself  an  account 
of  every  step  of  the  piocess,  and  of  the  conclusions  to  which  it  leads. 
The  student's  note-book  is  therefore  a  very  essential  part  of  the  course. 
Nothing  cultivates  the  powers  of  observation  like  the  taking  of  care- 
ful, detailed  notes  during  the  progress  of  the  experiment;  whilst  the 
critical  faculty  is  stimulated  by  the  condensation  of  these  detailed 
results  into  brief  and  definite  conclusions.  This  applies  particularly 
to  the  animal  experiments.  The  constancy  or  variability  of  the  results 
are  illustrated  by  comparing  the  results  of  different  members  of  the 
class,  and  of  preceding  classes.  For.  this  purpose,  it  is  well  to  appoint 
a  class-reporter  for  each  exercise,  with  the  duty  of  collecting  and  com- 
paring all  the  results ;  these  reports  being  kept  on  file  for  the  use  of  suc- 
ceeding classes.  They  should  be  read  and  discussed  in  the  laboratory 
conferences. 

Teachers  differ  in  opinion  as  to  whether  the  objects  of  the  experi- 
ments and  the  expected  results  should  be  pointed  out  to  the  student 
in  advance.  In  a  pharmacology  course,  the  author  believes  that  it  is 
more  useful  to  do  so,  on  account  of  the  complexity  of  the  subject, 
and   the  large  ground  which  has  to  be   covered. 

Relation  of  the  Laboratory  and  Didactic  Inrtnictfon.— The 
laboratory  course  may  be  treated  either  as  an  adjunct  to,  or  as  the 
basis  of,  the  didactic  instruction.  If  it  is  intended  to  illustrate  the 
didactic  teaching,  it  should  keep  step  with  the  latter;  the  experiments 
should  be  arranged  with  reference  to  each  drug.  The  summary-index 
in  Chapter  XXXVIIl  indicates  this  arrangement.  In  the  author's 
opinion,  however,  the  course  is  much  more  valuable  if  it  is  made  the 
basis  of  the  pharmacologic  instruction :  if  it  is  used  to  deduce  the  facts, 
rather  than  to  illustrate  them.    For  this  purpose,  the  laboratory  course 
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should  precede  the  didactic  instruction ;  and  the  exercises  should  b« 
arranged  with  a  view  to  the  pharmacology  of  particular  organs,  and 
the  methods  used  in  their  investigation,  rather  than  with  regard  to  the 
individual  drugs.  If  the  conclusions  are  correctly  drawn,  and  sum- 
marized as  in  Chapter  XXXVIII,  the  student  will  enter  on  the  didactic 
study  with  a  fairly  extensive,  first-hand  knowledge  of  the  principal 
facts;  the  purpose  o£  the  didactic  instruction  being,  to  correlate,  apply, 
and  extend  these  facts. 

An  elementary  laboratory  course  is  of  necessity  somewhat  unevenly- 
balanced.  It  is  much  better  suited  for  the  development  of  some  (acts 
than  of  others;  and  undue  stress  seems  therefore  to  be  placed  on  the 
former.  The  "explanatory"  notes  and  the  "introductory"  exercises 
are  inserted  to  meet  this  objection.  These  are  made  as  elementary 
as  possible,  to  keep  them  within  the  scope  of  the  experimental  knowl- 
edge of  the  student.  Even  with  these,  however,  it  is  impossible  at 
times  to  avoid  an  exaggeration  of  the  laboratory  side  of  the  subject, 
and  a  comparative  neglect  of  features  which  may  be  of  greater  prac- 
tical therapeutic  importance.  This  drawback  should  not  be  vital,  for 
the  didactic  study  should  restore  the  balance.  Attention  should  also 
be  called  to  this  subject  by  the  demonstrators,  whenever  necessary. 
The  text-book  references  at  the  beginning  of  each  exercise  will  be 
useful  for  this  purpose;  they  need  not  be  consulted  by  the  strudent,  but 
are  for  the  guidance  of  the  inslructors.  The  student,  however,  should 
always  consult  the  references  to  other  exercises. 

The  multiplicity  of  phenomena  and  problems  'hich  arise  in  the 
course  of  the  animal  experiments,  renders  thorough  supervision  of  the 
work  indispensable.  The  size  of  each  class  should  therefore  not  ex- 
ceed 30  to  40  men,  and  a  demonstrator  should  be  appointed  for  every 
12  students,  if  possible.  These  may  be  selected  from  the  members 
of  the  more  advanced  classes. 

Arrangement  of  the  Courie,  and  Time  Required  for  the  Ex- 
periment*.— These  are  subjects  which  are  governed  so  largely  by 
local  circumstances,  that  no  general  rules  can  be  given.  The  following 
schema  may,  however,  serve  as  a  guide:  The  elementary  subjects 
and  the  laboratory  work  are  placed  in  the  second  year ;  the  didactic 
study  of  the  drugs  mainly  in  the  third  year.  This  brings  the  animal 
work  into  the  last  weeks  of  *the  second  year  when  the  student  Is  well 
advanced  in  physiology;  whilst  the  didactic  work  coincides  with  the 
clinical  teaching. 

The  schema  requires,  for  the  sophomore  year,  3  hoiirs  per  week 
during  the  first  20  weeks,  and  8  hours  per  week  for  the  last  10  weeks 
(a  total  of  about  30  hours  of  lectures  and  recitations,  and  110  hours  of 
laboratory  work  and  conferences).  The  lectures  and  recitations  in  the 
Junior  year  take  up  about  60  hours. 

TABLE   XVI.— ARRANGEMENT    OF    TIME    AND    SUBJECTS 

IN  THE  SOPHOMORE  YEAR. 

(The  laboratory  work  and  demonstrations  are  in  italics.) 

First  Week:  Hours. 

(a)  Introductory  Lecture    <Read   Chapter  XXXIII).! 

(b)  Demonslralion  of  Gross  Pkarmacognosy  {Ex.  l) .     jOne. 

(c)  Lecture  on  Histologic  Pharmacognosy.  J 

(d)  Assignment  of  Lockers.  T 

(c)  Study  of  Plant  Histology  (Ex.  2).  \  Two. 

(/)  Alkaloidai  Reactions  (Ex.  3,  I)-  I 
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Second  Week:  Homs. 

(a)  Recitation  on  Definitions  and  1 

(by  Ptant  Anatomy,  gross  and  microscopic  (Chapter  \  One. 

I,  p.  17  to  19,  26  to  32 ;  and  Ex.  i  and  2).  J 

Cc)  Compute  Plant  Constiluenti    (Ex.  3).  }■  Two. 

Third  Week: 

('0)  Demonstration  of  Metrology  (Ex.  4). 


<c)  Lecture,  and  Demonstration  of  Pharmaceutic  1 

Methods  (Ex.  5).  [  Two. 

(d)  Demonstration  of  Dispensing   (Ex.  7).  j 

Fc«r(A  Weffe; 

<"(i)  Recitation  on  Metrology  and  General  Pharma-  1  p. 

ceutic  Methods  (p.  32  to  56).  (  "™' 

<fr>  Dispensing  (Ex.  7).  }  Twa 

(o)  Recitation  on  Aqtue  to  Decoctions  (p,  56  to  61).  )  ri 

(6)  Review  of  Metrology.  J  ""*■ 


Sixth  Week, 
(a)  Recitation  o 

(6)  Review  questions.  (  ^^"^ 

(c)   Demonstration  of  Assaying   (Ex.  9,  No.  II).  1 

(rf)  Start  Isolation  of  Alkaloids  (Ex.  g.  No.  1. 1  and  2).  J  Twa 

(c)  Incompatibilities  (Ex,  8,  lo  No.  19).  J 

Seventh   Week: 

(a)    Recitation  on    Solid   Preparations  to   Assaying  1  «». 

(inclusive)    (p.  66  to  74).  I 


EigA(A  Week: 
(a)   Recitation  on  first  two  pages  of  Incompati  bill  tie 

(p.  74  to  76:  and  Ex,  8). 
(6)  Recitation  on  Toxicology,  to  Toxicologic 

Analysis  (exclusive)  (Ch.  V,  p.  79  to  81). 

Toxicologic 
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Ninth  Week:  Houits. 

(a)  Recitation  on  Incompatibilities  (Ch.  IV  C,  p.  76  ' 


}  One. 


(f)  Specinc  Reactions  (Ex.  10,  No.  I).  |-  Two. 

Tenth   Week: 
(a)  Recitation  of  Solubilities  (Ch.  IV  C,  p.  77  to  79)  1 

<(>)  Review  of  Incompatibilities  and  of  Toxicologic  ^  One. 

AnalysU  (Ch.  V).  J 

(f)  Specific  Reactions  (Ex.  10,  No.  II  and  III).  \  Two. 

Eleventh  Week: 

(a)  Review  of  Work  to  Date  (p.  17  to  88).  \  One. 

Twelfth  Week: 

(0)  Written  Test  on  Work  to  Date  (p.  17  to  88).  \  One. 

Thirteenth  Week: 

(a)  Discussion  of  Test,  I  p.„^ 
(6)  Recitation  on  Prescription  Writing  (p.  ga  to  100),  J  ^  * 

(()  Finish  Preservatives  (Ex.  ii)  and  all  back  work. )  -p 

(d)  Give  out  drugs  for  Ex.   13.  J   ^*°- 

Fourteenth  Week: 

(a)  Review  of  tables  (p.  97,  90.  100).  1 

(6)  Recitations  on  General  Principles  of  Flavoring  lri„. 

(Ch.  VI  B,  p.  100  to  102).  f""^ 

(e)  Practice  in  Prescription  Writing.  j 

ii)  Drugs  in  Urine  (Ex.   13).  T 

(f)  Chemic  Antidotes  (Ex,  14.  also  Ch.  V).  [  Two. 
(f)  Smdy  of  Materia  Medica,'    Lesson    i,  J 

Fifteenth  Week: 

(a)  Recitation  on  Materia  Medica,  Lesson  i.  )  ^__ 
(6)  Prescription  Writing.  J  ^"^ 

..     ^......  ..  JTwo- 

Sixleentk    Week: 

(0)  Recitation  on  Materia  Medica,  Lesson  2.  1 

(b)  Recitation   on    Irritants   and   Corrosives    (Ch.  \  One. 

XXVIII  A,  p.  660  to  671;  and  Ex.  15  to  18).  J 


.dbyGoogle 


776  INTRODUCTION   TO   EXERCISES.      CH.    XXXIII. 

HouitS. 

(c)  Hemoglobin  atui  Blood  Corpuscles  (Ex.  21  and   1 

22).  \  Two. 

(d)  Study  o(  Materia  Medica.    Lesson  3.  J 

Snenleenlh  Week: 

(a)  Recitation  on   Materia  Medica.    Lesson  3.  1 

(6)  Recitation  on  Exercises  ig  to  22.  [  One. 

(c)  Prescription  Writing.  J 

(rf)  Osmosis  (Ex.  23).  1 

(e)  Prescription  Writing.  \  Two. 
(/)  Study  of  Materia  Medica.    Lesson  4.                     J 

Eighteenth  Week: 
(0)  Recitation  on  Materia  Medica,    Lesson  4,  \  n 

(6)  Recitation  on  Osmosis  (Ex.  23).  J  ^"^ 

}  T- 

Nineteenth  Week: 
(a)  Written    Test    and    identification    of    Specimens,  1 
covering  the  work  of  the  13th  ti     "  '  " 

elusive;  exi     ' 
5  of  Materi: 

(ft)  Discussion  of  Test.  l 

(c)  Recitation  on  Water  to  Sulphur,  inclusive  (p.  671 

to  676;  and  Materia  Medica,  Lesson  5).  1 

(rf)  Prescription  Writing.  [ 

ie)  Study  of  Materia  Medica,  Haloids,  Lesson  6. 
(/I  Read  Chapter  XXXIV,  p.  792.  J 

Twentieth  Week: 

(a)  Recitation  on  Acid?  and  Haloids  (p.  676  to  681 ;  ) 

and  Materia   Medica,   Lesson  6).  \ 

(&)  Prescription  Writing.  J 


(c)  Assignment  of  Animal-Lockers. 

(d)  Absorption,    Demulcents,    Excretion,    Decomtot 
in.  Idiosyncrasy    (Ex.  24  to  28,  inclusive). 


(V)   Study  of  Materia  Medica,  Tannins  and  Vegetable  I 
Astringents,  Lesson  7.  J 

(/>  Reports,  Conference  and  Redlation  oa  Ex.  24  to)  «_, 
28,  inclusive.  J  ^^™^ 

(g)   Treatment  of  Poisoning  (Ex.  29).  ?  T^ntnThr** 

(%)  Study  of  Materia  Medica,  Usson  8.  J  ^^'*"'  '*'**■ 

Twenty-first  Week: 
(o)  Recitation  on  Metals  and  Astringents  (p.  681  to  \  q 
693;  and  Materia  Medica,  Lessons  7  and  8.         ) 
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{*)  Emtlics  (Ex.  30);  Giutroenleritis  (Ex.  32);  Gly-) 
cosuria  (Ex.  34)  ;  ConvuUants  and  Depressants,  I 
Mammals  (Ex,  39  and  40).  }  Twoto Three. 

(c)  Study  of  Materia  Medica,  Hysteric  Sedatives  and  I 
Rubefacient  Oils,  Lesson  9. 

(rf)  Reports,  Conference,  and  Recitation  on  Treatment  I 

of  Poisoning   (Ex.   29;   Ex.    14;   Ex.    18C;   Ch.    1^„ 
VI,  p.  88  to  92)-  f°"*- 

(e)  Recitation  on  Summaries  I  to  3  (Ch.  XXXVIII).] 

'  ^'"^^   tEx.  37]  Two  to  Three. 

Twenty-second  Week: 
(a)  Recitation    of    Volatile    Irritants   to    Rubefacient 

Oils,  inclusive  (p.  694  to  698  and  Lesson  9). 
(6)  Reports,  Conference,  and  Recitation  on  Ex.  30 

36,  inclusive, 
(c)  Recitation  on  Summary  4. 

(J)  Mnscle   (Ex.  45)-  1 

(«)  Study  of  Materia  Medica,  Stimulants  for  Ulcers}-  Twoto  Three, 
and  Urinary  Disinfectants,  Lesson  10.  J 

Kf)  Reports,   Conference,  and    Recitation  on   Convul-l 

sants  and  Depressants    (Ex.  37  to  44.  inclus.).    \  One. 
(g)  Recitation  on  Summaries  5  to  10.  J 

{h)  Test  on  Prescription  Writing.  )  ™-      ,   tl 

(.)   Salt  and  Ion  Actions  (Ex.46).  \  TwotoThree. 

Twenty-third  Week: 
{a)  Recitation  on  Ulcer  Stimulants  and  Urinary  Anti-  ] 

septics  (p.  699  to  701 ;  and  Lesson  10). 
(6)   Reports,   Conference,   and   Recitation   on   Muscle,  \  One. 

Osmosis,  and  Ion  Action  (Ex,  45  and  47).  I 

(f)  Recitation  on  Summary  12.  J 

(d)  Heart   (Ex.  48  and  49).  1 

(')  Study  of  Materia  Medica,  Diuretic  Oils  and  Bron-  \  Two  to  Three. 

chial  Stimulants,  Lesson  11.  J 

(0  Recitation  on  Heart  (Ex.  48).  't  One. 

(j)  Cardiac   Nerves,   Blood   Vessels,   Pulse,   ArtiUcial)  T,.,n»nTi,,-.= 
Cireulation   (Ex,  JO  to  53).  J      *°"  '    "^ 

Twenty-fourth  Week: 
(o)  Recitation  on  Diuretic  Oils  and  Bronchial  Stimu-  ] 

lants  (p.  701  to  703;  and  Lesson  11),  tone' 

(&)  Reports,    Conference,   and    Recitation   on    Heart  [ 
and  Circulation  (Ex.  49  to  53).  J 
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HoiTS. 
(<)  Pupib,  Glands,  Baek-Work  (Ex.  54  and  55).        1 
id}  Study  of  Materia  Medica,  Toxic  Oils  to  Cantbari-  \  TwotoThret 
din  Group,  inclusive,  Lesson  12.  J 

i«)  Incompleted  Laboratory   Reports.  1 

/)  Recitation  on  Summaries  13  and  25.  \  One. 

{g)  Review  of  Summaries  No.  I  to  13.  J 

(h)  Reports,   Conference,  and  Recitation  on   Ex.   54 

and  55. 
(t)  DemOKstratinn  of  Herbarium  Specimens  for  Ck. 

XXIX. 
(fe)  AiiignmenI  of  Lockers   (Operative  Work). 

Tvremy-fiflh  Week: 
(a)  Recitation   on    Ch.   XXIX    to    Ph/sical    IrriUntsl 

(p.  703  to  710,  and  Materia  Medica,  Lesson  12).  \  One. 
(6)  Recitation  Summary  14.  J 

I  TwotoThrte 

(«)  Recitation  on  p.  710  to  7191  and  Lesson  13.  [  One. 

[  TwotollOTt 


Twenty-sixlh  Week: 
(o)  Recitation  on  Stomachics   (Ch,  XXX,  p.  719  t 

725;  and  Lesson   14). 
(6)  Reports,  Conference,  and  Recitation  on  Ex.  56  ti 
59,  inclusive. 


id)  Study  of  Materia  Medica,  Carminatives,  Lesson  15.  ( 


(/)  Prescription  Writing  and  Optional. 

Twenty-seventh   Week: 
(a)  Discussion  of  Test. 
(h)  Reports,  Conference,  and  Recitation,  on  Ex.  60 

to  63. 
(f)  Recitation  on  Summaries  15  to  17- 

(rf)  Ex.  64  to  67. 

ie)  Study  of  Materia  Medica,  Cathartic  Oils  and 
Anthracene   Derivatives,   Lesson   16. 
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HotlKS. 
jOne. 


Twenty-eighth  Week: 
(a)  Reports,  Conference,  and  Recitation  on  Ex.  64  t 

67- 
(6)  Recitation  on  Summaries  18  to  26. 

(f)  Ex.  68  lo  7S- 

id)  Study  of  Materia  Medica,  Anhydrid   Cathartics, 
Lesson  17. 

(e)  Recitation  on  Cathartic  Oils  and  Anthracene 
Derivatives  (Ch,  XXX,  p.  726  to  732;  and  Les- 
son 16). 


Tv^nty-Kinth  Week: 
(o)  Reports,  Conference,  and  Recitation  on  Ex.  68  to 

(6)  Recitation  on  Summaries  23  to  31. 


One. 

Two  to  Three. 


)  Two  to  Three. 


(0  Recitation  on  Anhydrid  Cathartics    (Ch.  XXX, 

p.  732  to  ?35;  and  Lesson  i?). 
(0  Recitation  on   Summary  and  Uses  of  Cathartics 

(Ch.  XXX,  p.  735  to  742). 


Thirtieth  Week: 
(f)  Repons,  Con  fere 


(d)  Recitation  on  Anthelmintics  (Cli.  XXX,  p.  742 

746:  and  Lesson  18). 
(')  Recitation  on   Summaries  40  to  46. 

(f)  Review  Quiz  on  Summaries, 

(g)  Prescription  Writing. 


One. 

\  TwotoTTiree. 

I 

f  One. 

^1  Two  to  Three. 

I-  One. 


o  Three, 


Written  and  practical  t. 


1  the  laboratory  work. 
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THE  LABORATORY  ROOMS. 

The  pharmacology  courses  may  be  given  in  the  chetnic,  pharmaceutic, 
and  physiologic  laboratories,  if  no  other  arTangement  can  be  made; 
but  the  efficiency  of  the  teaching  and  research  is  undoubtedly  en- 
hatfced  by  separate  rooms  and  equipment.  The  laboratory  should 
consist  of  a  chemic  and  animal  department,  preferably  in  adjacent 
rooms.  The  materia  medica  collection  may  be  placed  in  the  chemical 
room,  or  in  a  convenient  corridor.  Additional  rooms  for  lectures, 
research,  toxicology,  storage,  for  the  keeping  and  observation  of  ani- 
mals, etc.,  are  highly  desirable.  They  should  be  in  close  vicinity ;  the 
animal  rooms,  however,  will  be  less  annoying  in  another  part  of  the 
building. 

EQUIPMENT  OF  THE  CHEMICAL  DEPARTMENT. 

This  should  contain  the  chemic  tables,  lockers,  and  sinks  for  the 
students ;  a  fume-chamber ;  balance  and  druggists'  scales ;  and  a 
moderate  equipment  of  chemic  apparatus. 

The  chemic  tables  may  be  of  any  of  the  varieties  used  in  chemic 
laboratories.  A  height  of  three  feet  is  convenient.  A  working-space 
of  6  by  2  feet,  and  a  single  locker,  suffices  for  each  pair  of  students. 
The  lockers  should  be  of  the  height  of  the  table,  zYi  feet  wide,  with 
a  shelf  nine  inches  from  the  top.  It  is  cheap  and  convenient  to  have 
quarier-inch  iron  rods  fixed  to  the  tops  of  the  tables,  for  clamping 
retort  rings,  etc. 

TABLE    XVII.— EQUIPMENT    OF    EACH    CHEMIC    LOCKER 
(for  two  students). 
Only  the  more  common  apparatus  need  be  placed  in  the  lockers,  addi- 
tional pieces  being  placed  on  the   tables  or  assigned  on  written  re- 
quisition, when  needed.    A  list  of  these  is  furnished  with  each  exer- 


I  Bunsen  burner  and  tube. 

1  Retort  stand. 

2  Retort -rings. 
I  Tripod. 

1  Liter  wash  bottle. 

2  Evaporating  dishes   (to  en 

1  Evaporating  dish    (400  c.  < 

2  Funnels,  6  cm. 

1  Funnel,  12  cm. 

5  Beakers,  25-150  c.c. 
4  Flasks.  250  c.c. 

2  Tumblers. 
□  Test-tubes. 

2  Test-tube  racks. 
2  Test-tube  brushes. 
2  Test-tube  clamps. 
2  Slide  clamps. 


I  Mortar  and  pestle,  lo  cm. 

I  Fill  tile. 

I  Rll-box. 

1  Powder  box. 

1  Steel  spatula. 

I  Horn  spatula. 

I  Thermometer,  o-ioo. 

I  25  c.  c.  Conic  graduate. 

6  Watch  glasses,  V/3  inch. 

I  Sponge. 


Filter  paper;  label  paper;  wire 

gauze ;  glass  slides,  tubing,  rods, 
pipettes,  etc.     Broken  evaporating 
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TABLE  XVIIL— SPECIAL  CHEMIC  APPARATUS. 

For  twelve  students ;  to  be  assigned  as  needed. 
2  Microscopes  (cheap  model,  low     3  Spectroscopes. 

oowerl  3  Waterbaths. 

power).  2  Liebig  stills. 

4  Separatory    Funnels     (150-500     i  Army  and  Navy  scale  and  me- 

c.  c).  trie  weights. 

rABLE  XIX.— SPECIAL  CHEMIC  APPARATUS  FOR  DEMON- 
STRATION AND  RESEARCH. 


.....  , _         „  .   ;  Glass  rods  and 

tubing,  Rubber,  etc.;  Corks;  Burners;  Stands;  Clamps;  Burettes. 
Pipettes,  Graduates,  etc, ;  Spatulas,  Percolators,  Dialyzers,  etc, ;  Porcelain- 
mortars,  15  and  20  cm. ;  Iron  Mortar ;  Desiccators ;  Crucibles  and 
Tongs ;  Mechanics'  and  Carpenters'  Tools ;  6  Fermentation  Tubes ; 
Centrifuge;  Vacuum  Pump;  Beckmann's  Appaiatus;  Ovens  for  40  and 
100°  C, ;  Thermometers ;  Combustion  Oven ;  Analytic  Balance  and 
Weights:   Platinum;   Polarimeter;  Glass-blower  Bellows;   etc.,  etc. 

Reagents  for  Chemical  Work. —  The  reagents  employed  in  phar- 
macology are  so  numerous,  that  the  problem  of  keeping  them  con- 
veniently accessible  is  quite  serious.  It  will  be  found  convenient  to 
divide  them  into  three  classes;  (A)  for  every  three  students;  (B), 
for  every  six  students;  and  (C),  for  every  twelve  students,  for  special 
experiments.  (A)  and  <B)  should  be  arranged  in  alphabetic  order 
on  the  shelves  of  the  chemic  tables.  (C)  may  be  arranged  by  the  ex- 
ercise numbers,  and   kept   on  a  side-shelf  when   not  in   use. 

It  will  be  found  very  advantageous  to  number  Ahe  containers  and 
their  places,  and  to  demand  that  every  reagent  be  retraced  in  proper 
order  as  soon  as  used. 

A  number  of  the  solutions  are  perishable  and  should  not  be  kept 
over  a  year.  These  are  marked  •  in  the  following  lists.  Others  (**) 
should  be  furnished  fresh  for  each  exercise.  It  is  well  to  distinguish 
these  by  colored  labels  (green  for  •  and  red  for  "•)  for  the  ready  guid- 
ance of  the  laboratory  assistant.  He  can  save  himself  some  labor  by 
keeping  concentrated  stock  solutions  on  a  special  shelf. 

TABLE    XX.— LIST    A.— COMMON    CHEMIC    REAGENTS. 

Kept  on  shelves  of  chemic  tables.  50  to  100  c.c.  of  each.  For  three 
students. 

Ammonium  Sulphate,  Powdered. 
Barium  Chlorid,  5%. 
ci"ib.  "        Hydrate,     Saturated 

"      Nitric,  Cone.  C,P.  Aqueous 

"      Picric.   Saturated  aqueous.    **  Bromin  Water,  Saturated  Aque- 
"       Sulphuric.  Cone,  C.P.  ous. 

"  "  5%.  Calcium  Chlorid.  1%. 

Alcohol.  Ethyl.  95%.  "        Hydrate  {Lime  Water), 

Ammonia  Water.  10%.  Saturated  Aqueous, 

•(Grttn  L»btl)  Should  not  be  kept  over  a  yt»c. 
•*  (Red  Label)  Should  be  fre»hly  made. 
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Qjloroform. 
Cuprie  Sulphate,  5%. 
Ether. 

Ferric  Chlorid,  10%. 
•Ferrous  Sulphate.  1%. 
Glycerin. 
lodin   in  KI,    1%  of  iodin,  KI 

q.  3.  (o  dissolve. 
Lead  Acetate,  5%. 
Litmus  Paper. 
Magnesia  Mixture.' 
Magnesium  Sulphate,  powdered. 
Mercuric  Chlond,  1%. 
Mercuric-Potassic    lodid    (May- 
er's Reagent).' 


Oleum  Olivae  or  Gossypii  {cotton- 
seed). 
Poiassic    Bichromale,    SatniUed 

(about  3!^%). 
Potassic  lodid,  3%. 

"         Ferricyanid.   5%. 
"  Ferrocyanid,  $%. 

Silver  Nitrate,  1%. 
Sodium  AceWte,  5%. 
"       Carbonate,  5%. 
"       Chlorid,  crystals. 
"       Hydrate.  10*. 
"         Phosphate,  5%. 
"        Sulphate,  powdered. 


TABLE   XXI.— LIST    B.— LESS    COMMON    CHEMTC 
REAGENTS. 
On  top  shelf  of  chemic  tables.     For  six   students: 

Grau  or  Gmm  a 


(about). 

Acacia,  Granulated 20 

■'        Mucilage    (33%)..-  25 

Acetanilid  30 

Ac  Carbol.  Liq.  . 


0.3%   . 


•  25 


"    Gallic 

"    Phosphotungstic    10 

(10%  in4%HCI.) 

"    Tartaric  10 

Alcohol,  5%   25 

Antipyrin,  10%  10 

Apomorphin  Hydrochlorid. .     ai 

I  :5<»  25 

Atropin  Sulphate  0.1 

Bismuth  Subcarb.   20 

Brucin    o.i 

Caffein,    Citrated 1. 

Calomel  10. 

Camphor,    Spirits 23 

Chloral    5 

Cinchona  Infusion    25 

(S%  in  20%  alcohol.) 

^Magritsia    Mixture: 


(aboni). 

Cinchona.  Tr 25 

Cocain  Hydrochlorid ai 

Codein   ai 

Digitalin  dt 

Excipient    10. 

Ferric  Chlorid,  Tr 5a. 

Gasolin   50 

Glycyrrhiza,  I*v 25 

♦Guaiac,    Tr 10 

Iodin.  1%  alcoholic  10 

Lead  Subacelate,  Solution. .  2S 

Methyl    Alcohol 25 

Millon's   Reagent'  « 

Morphin  Sulph i-i 

"  "      2%  aqueous,  la 

Nux  Vomica,  Pd l 

Phenacetin   > 

Picroloxin    tti 

Pot.  Bichrom.  Pd S- 

"    Bromid.  Sat'd   IS 

"     Chlorate    10 

"     Chlorate,   Sal.'d   aS 

•    "    Cyanid,  1% fl 


ricPolasik  lodid   iHaytr't  Reagtm): 

Liter. 

>   parts  of   dntillcd  w 


,ab,GoOglc 
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Gram  ok 

cc. 
(about). 

Pot.  Nitrate,  pd lo 

■'    Oxalate,  3% 25 

"    Permang.,  1%  25 

Quin.  Sulph.,  dry o.i 

"  "       0.1%  aqueous.  25. 

(acidulated.) 

"        Sat  Aq 25 

Resin,  coarse  powder 10 

Resorcin    0.5 

Rhubarb  Infusion  35.    . 

(S%  in  25%  alcohol.) 

Salicin I, 

Salol  I. 

Sand    100, 

Santonin    0.5 

Soap  Bark,  Tr 25. 

Sod.  Acetate  la 

"     Benzoate  10 

"     Benzoate,  5%  25 
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GrAU  OB 


(about) . 

Sod.  Bicarb so 

■'     Borate,  5% 25 

"     Chlorid,  Sat.'d  25 

"      HyposulphiK     "" 


Niti 


■  P<'i- 


Nitrite,    10% « 

Salicylate    5 

"     Sulphate,   1%    25 

Spir.  MtheT.   Nitrosi 20 

Starch  25 

Strychnin   Sulph o.I 

1%    , 


Turmeric  Paper 

Turpentine  25 

Uva  Ursi,  Infusion 25 

(5%  in  ao%  alcohol.) 
Veratnn    o.i 


cc 


Exercise  3: 

••Tannin.   1%    50 

Metallic  Sodium  (25  small 

pieces,  in  petroleum) 

Quinolin   5 

*^3riJiin  Sulph.,  2%   S 


Nic 


"  Salici 


M^    . 


■  50 


TABLE  XXII.— LIST   C— SPECIAL  CHEMIC  REAGENTS. 
For  twelve  students;  on  side  shelf;  arranged  by  exercises. 
The  number  of  the  exercise  may  be  placed  on  the  label;    '^ green 
label;  ••  =  red  label. 

Gu.  OR  Gu.  OR 

cc 

Petrolatum  150 

Emplastrum    50 

Fv.  Glycyrrhiza:  30 

Exercise  S: 

Chlorate     of     Potash     and 
Tannin  Mixture. 

•  Hydrogen  peroxid  50 

•■Albumm   (one  egg  while  in 

100  cc.  water,  strained).  100 
"  Liguor   Pepsini    50 

•  Misturae  Cret^e  so 

Exercise  10;  No.  i  —  7; 

Morphin    Sulphate,  0.1%..  50 

•  Sod,  lodate,  1% 10 

•*2%  Starch  Paste 50 

•  Strychnin  Sulph.  i  :  50,000.  50 

•  Marquis'   Reagent   lO 

Ammon.   Molybdate    1 

No.  8  —  14: 

•  Cocain,  1%   10 

••Adrenalin,  I  :  50,000 10 

or  dilute  suprarenal  ex- 
tract. 

•  KOH,  small  dry  fragments  20 

•  Picroloxin.  I    :   1,000 lO 

No.    IS  — 31: 

•  Calx    chlorata     (test    effi- 
ciency)        5 


•  Gallic  Acid,  1% 

•  Acacia,  10%   (made  by 

heat)        SO 

•  Lettuce,  Tinct 25 

Curcuma,  Tinct..  1% 25 

(in  25%  alcohol.) 

Boric  Acid,  5% 100 

Cochineal    5 

Tr.    Persionis    5 

Exercise  7: 

NaO    20 

Saccharum  100 

••Infus.   Menth.    Pip .too 

Calomel   20 

Starch    (Amylum)    loo 

Cod   Liver   Oil    (Ol.    Mor- 

rhufe)    100 

Granulated  Acacia 30 
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Gu.  OR 


*  HCN,  0.1%  50 

Copper  foil,  small  pieces. . .  20 

Fowler's  Solution  50 

Phosphorus  in  small  pieces    20 

No.  S3: 

*  1%  Cane  Sugar 100 

*  10%  Lactose 100 

*  10%  Glucose  100 

*  10%  Levulose  100 

10%  Glycerin   100 

•0.01%  Saccharin  100 

Exercise  13: 
Drugs  for  students  (at  pre- 
ceding laboratory  day). 

•*2%   Starch  Paste lOO 

Exercise  14: 

"10%  Decoction  of  Tea 50 

"10%  Decoction  of  Coffee..  50 

**Albuniin  Solution  (one  egg 
white  to  100  c,c.  water, 
strained)   50 

Exercise  13: 

"Albumin  Solution   400 

"Defibrinated  Blood   400 


Exercise  16: 

1%   Caffein   10 

Exercise  17: 
Alcoholic  Methylen  Blue..  10 

Tr.  lodin   10 

Cerate  Cantharides  to 

K%    Croton   Oil 10 

Tartar     Emetic     Ointment 

(10%)  10 

Veratrin  in  Starch,  i  :  500.     i 

Soap-bark  — 

Aconite,  1% 10 

Alum,  5% 25 

Exercise  21: 

••Diluted  Blood.  4% 300 

•  Fresh  Amnion.  Sulphid 35 

Phenyhydrazin    10 

•  Pyrogallol,  10%  10 

•  HCN,  2%    10 

Exercise  S2: 

••Delibrinated  Blood  ao 

Solutions  of  the  experi- 

Exercise  23: 
See  Exercise, 


EQUIPMENT   OF  THE  ANIMAL   DEPARTMENT. 

This  should  be  equipped  with  a  large  demonstration -table  and  case 
of  demonstration  apparatus;  sinks;  easily  movable  tables  and  lockers 
for  students'  work;  shelves  for  reagents;  a  chemic  bench;  drawers  for 
Bupplies,  etc. 

Tablei  for  Animal  Work.— These  may  be  of  pine,  strongly  built, 
3  feet  high  by  6  feet  long  and  2  feet  wide;  iJ-S  inch  top;  solid  legs. 
Drawers  are  rather  objectionable.  Two  tables  are  needed  for  six 
students.  In  operative  experiments  the  two  tables  are  set  in  the  form 
of  a  T,  the  lower  table  being  used  for  operating,  the  upper  for  appa- 

Tbe  lockera  (one  for  six  students)  may  be  placed  at  the  side  of  the 
room,  near  the  tables.  There  should  also  be  an  open  shelf  tor  special 
apparatus. 

Apparatus. —  It  is  advisable  to  buy  as  much  as  possible  of  manu- 
factured apparatus,  of  the  best  quality  which  the  resources  will  allow,' 
The  satisfaction  of  working  with  instruments  which  give  accurate  and 
trustworthy  results;  the  training  in  exactness;  and  the  practice  with 
apparatus  such  as  would  actually  be  used  in  research ;  arc  advantages 
which  offset,  in  most  cases,  those  of  home-made  apparatus.  The  latter, 
however,  have  some  valuable  qualifications  besides  cheapness ;  espe- 
cially in  that  they  encourage  independence  and  ingenuity.  A  certain 
amount  of  home-made  apparatus  is  therefore  very  useful,  especially 
if    time    permits    the    students    to    manufacture    it    themselves.     Some 


pfayiiol 
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directions  for  this  are  ^iven  In  Chapter  XXXIV,  and  many  more  can 
be  devised  by  the  exercise  of  a  little  inventive  talent. 

The   following  physiologic  apparatus   will  be  indispensable   for  the 
course  as  outlined: 

TABLE  XXIII  — LIST  OF  APPARATUS  IN  LOCKERS  AT 

BEGINNING  OF  COURSE. 

(For  six  students.) 
See  next  table  for  explanation  of  f. 

t  I  Battery,    key,     induction    coil   f  400  c.c.  Normal  Saline  Solution, 
and  electrodes.  0.9%. 

2  Beakers,  small  size,  i  Cork  of  pins. 

1  Bunsen  burner  and  tube.  2  Pipettes,   plain. 

2  Camel's   hair  brushes.  3  Pipettes,  graduated  in  f^  c.c 
t  5  Cannulse,    assorted    sizes,    for      axa  inches  Fine  Sand  Paper. 

vessels,  in  box.  i   Sealing  Wax. 

2  Cork-boards,  plain.  -f  2  Sponges. 

2  Evaporating  dishes.  10  Test-tubes. 

2  Flasks,  250  c.c.  I  Test-tube  rack, 

t  I  Funnel,  6  cm.  i  Test-tube  brush. 

2  Glass-rods.  f  2  Towels, 

t  2  Graduates,  25  c.c,  conic.  1  Tripod  and  gauze, 

t  I  Saucepan.  t  2  Tumblers. 

+  I  Bundle  ligatures,  fine.  2  Wires  for  pithing. 

t  I  Bundle  ligatures,  coarse.  t  i  Box  of  Labels, 

400  c.c.  Normal  Saline  Solution, 
o,7S%- 

TABLE  XXIV.— LIST  OF  ADDITIONAL  APPARATUS,  PLACED 
IN  THE  LOCKERS  WHEN  THE  OPERATIVE  WORK  ON 
MAMMALS  BEGINS. 

(For  six  students.) 

This,  and  the  pieces  marked  t  in  Table  XXIII,  should  be  placed  in 
shallow  boxes,  which  can  be  easily  brought  to  Ihe  operating  table: 

2  Tracheal  Cannulse,  200  c.c.   of  Ether    (or   A.   C.   E. 

3  Ureter  Cannulse.  Mixture), 

I  Aortic  Cannula.  loO  c.c.   of   50%    Glycerin    (wide- 

a  Feathers.  mouthed  bottle). 

I  Large  pipette  for  filling  ma-       i  Woulfs  bottle,  2  neck,  250  c.c. 

nometer.  3  Bull-dog  forceps. 

3  Mohr's   Oamps.  1   Hemostat. 

IS  c.c.   Hypodermic   Syringe  and        2  Aneurism  needles. 

large  needle.  i  Suture  needle. 

I  Screw  Clamp.  i  Set  of  Ropes, 

aoo  C.C,  of  25%  MgSOt 

lliis  apparatus  is  again   removed  from  the  lockers  at  the  end  of 
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(For  s 


.  sludents.) 


This  apparatus  should  be  kept  on  the  tables,  or  on  conveniently 
accessible  shelves.  The  pieces  should  be  mounted  on  stands,  for  im- 
mediate use ; 

I  Dog  board. 

I  Bellows,  arranged  for  artificial  : 
res|H  ration. 

I  Brodie  bellows. 

I   Muscle-lever,  arranged  for  myo- 
car  diagram. 

I  Ingestion  burette  (50  c.c,  grad- 
uated in  '/»). 

I  Rabbit-board. 


I  Mercury  ti 

1  Kymographs. 

[  T-piece  for  respiration. 

1  Bellows  —  Respiration    recorder. 

I  Signal    magnet,    with    key    and 

I  Pipette,    10  c.c.    (graduated   in 


%). 


Of  the  following  pieces,  one  will  a 


r  for  t' 


r  thre 


TABLE  XXVI.— APPARATUS  ASSIGNED  ON  OCCASION 
AND  NEEDED  FOR  DEMONSTRATIONS  (in  addition  to 
that  in  Tables  XXIII  to  XXV). 


6  Stomach -catheters  (English, 
No.  10). 

6  Feeding-bulbs. 
HiS  apparatus. 

6  Qinical   thermometers,  centi- 
grade, 

4  Mouth-gags. 

3  Catheters. 

2  Dog  cages. 

3  Rabbit  cages. 

Large  bell  jar  (for  cat  or  rab- 
bit). 

6  Small     fLiter)    bell    jar,    open 
neck   (for  frogs). 

6  Induction    coils   with   batteries, 
electrodes,  and  key. 

6  Additional  dry  cells, 
12  Muscle    levers    and     10    Gm. 
weights. 

6  Maximal-load  springs. 

4-250  c.c.  Aspirator  bottles. 

3  Artificial   circulation   models. 

13-iL.  "Mercury  Bulbs"  tor  per- 
fusion apparatus. 

2  Smoking    arrangements    for 


I  Varnish  trough. 
3  Files. 

Operating  instruments. 

Ergograph, 

Plethysmograph. 

Sphy  gmom  anometer. 

Sphygmograph. 

Gas-chamber. 

Muscle -heater. 
I  Spool  Linen  Thread  (No,  50). 
I  Spool  Silk  (Buttonhole  twist). 
I  Ball  (Cotton  wrapping  twine. 
1  Ball    Express    twine     (Daunt- 
less flax.  No.  24). 
I  Ball    Rope    (India  hemp,   No. 
3). 

1  Large  wafer-bath. 

2  Mohr's  clamps. 
6  Screw  clamps. 

6  T  and  Y  pieces,  siies  5  and  7. 

1  Hot-water   funnel. 
5  Fine  forceps. 

5  Fine  curved  scissors. 

3  6-inch  curved    (hair)   scissors. 

2  Spring  scales  for  animals. 

3  TTiermometers,  i-itx)*  C. 
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Tbe  following  materials  should  be  ii 
to  students:  Wire  of  all  kinds;  strav 
paper;  glass  and  rubber-tubing. 

TABLE  XXVII.— ANIMALS  NEEDED  FOR  LABORATORY 
COURSE. 

The  course  as  outlined  in  Chapters  III  to  V  requires  the  following 
animals,  for  a  class  of  30  to  ^6  students;  I  gross  Frogs  (medium) ; 
18  Turtles;  i  Rooster;  a  Guinea-pigs;  20  Medium  rabbits;  25  Dogs 
(small)  or  Cats. 

For  every  six  students  below  36,  the  following  may  be  subtracted: 
Frogs,  17;  Turtles,  3;  Rabbits,  2;  Dogs,  4- 

TABLE  XXVIII, 

In  the  following  list,  the  number  of  bottles  needed  for  a  class  of  ^ 
precedes  the  name;  the  last  figure  indicating  the  quantity  (c, c.)  m 
each  bottle.  (Solutions  which  do  not  spoil  ma^  be  made  up  in  three 
or  five  times  this  amount.)  (0,75)  and  (o.g)  indicates  that  the  drug 
is  to  be  dissolved  in  this  strength  of  sodium  chlorid.  (ito)  means 
that  the  salt  is  to  be  dried  at  ito°  C  The  bottles  are  to  be  arranjfed 
alphabetically,  except  when  the  quantity  exceeds  400  c.  c.  The  saline 
bottles  should  be  supplied  with  a  siphon.  The  significance  of  *  and  ** 
is  given  on  page  781.  Hypodermic  tablets  may  be  used  to  make  small 
amounts  of  very  perishable  solutions : 

I  Acid  Acetic,  ■;% SO 

*  I     "      Citric,  I  %  50 

♦  •  I     "      Citric,  1%  in  10%  starch  paste 50 

T     "      Hydrochloric,   '/u>%    SO 

*  •  I     "      Hydrochloric,  %%  in  25%  acacia 25 

*  3      "      Hydrocyanic,  2%    10 

1  Aconite,  Tablets,  0.3  c.  c.  of  10%  tinct 35 

3       "         10%  tinct 50 

*  3        "          4%  infus.   (o;s)   10 

3  Adrenalin,  1  : 1,000 10 

*«3         ■'  I  :  10.000    (0.9)    15 

*  I  Agurin,    5%    20 

3  Alcohol,  95%   SO 

2  "  •       50%    30 

2  Ammonia,    10%    10 

3  Ammonium   Chlorid,    1% 4«» 

3  Amyl    Nitrite    10 

r        "          "3  droo  pearls 35 

3  Anesthetic  (A.  C.  E.,  equal  narts) 250 

*  I  Apomorphin  Hydrochlorid,  1% 10 

•  •  I  Aspidium.   5%   infusion 25 

I  Atropin   Sulphate,  1  mg,   tablets 35 

3         "                "          I'^'o    (0.75)    «» 

•3         "                "          '/.-%    (0.75)    10 

3  Barium   Chlorid,    1% lOo 

3        "              ■'         '/..%     25 

I         "              "        0-24%    (110)    100 


•  Oreen  )»lwl.     "  Red  lalwl. 
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3  Caffein,   i%    30 

*3       ■'        0.1%    as 

*  3       "        0.01  %   as 

•3       "       I  :  5.000 15 

1  Calcium  Chlorid  (110),  0.15%  (0,9) too 

I          "           "         (no),  16.33  Gm.  to  I  Liter — 

I  Calomel    ts 

3  Camphor,  saturated  (075)  as 

I           •'       20%    in   oil as 

I  Cannabis    Indica,   F,E.' 30 

•  3  Chloral,   10%    as 

3  Chloroform     loO 

•3  "  saturated  solution  (075) 25 

•  *  3  Cocain  hydrochlorid,   1% 10 

I        "  "  10  mg.  hypoderm.  tablets as 

I  Colchicin.  F.E.,  Root  and  Seed IS 

3  Copper    Siilpbate.    1% jo 

♦  3  Curare,  </i%   (075)'  50 

**3       "       Vi.%    (075)    » 

3  Digitalis,    10%  tincl aS 

•  •  1         ■■            20%  infus,    (07s)    S 

•  •  I         ■•            10%  infus.    (0.75)    5 

•  *  3         "             4'^   infus.   (0.7s)    I» 

•  •  3        "              1%  infus.    (0.9J    IS 

•  *  I        "          14%  infus.   (0.9)   as 

I        "  tablets,  0.3    c.e.   tinct 3; 

•  I  Dionin,  10%  1 

•  •  3  Diuretin,  5%    aS 

I  Ergot,   F.E 10 

••3      ■'       2%   (0.9)    50 

3  Ether    100 

•3      "          saturated  solution  (0.75) 10 

I  Ethyl   Chlorid   lube - 

*  3  Eucain,    1  %    S 

•  3  Heroin    hydrochlorid,    '/k% 10 

•  I  Hydraslinin  hydrochlorid,  '/»% Jo 

•  •  I  Hydrastis.  F.  E.  2%  (0.9) SO 

I   Gasolin     50 

3  Grehants'  Anesthetic   (page  802) 400 

1  Lead   Acetate  papers — 

I  Litmus   Papers   — 

1  Locke's   Fluid   7J<» 

2  Machine  Oil   C 

I  Magnesium  Chlorid  (no),  0.19%  (ag) lai 

3  "           Sulphate   (no),  3.6%   (cryst.  7.5%] TO 

I           "                "       25%  crystals  m 

I  Mercuric    Chlorid,    'A-% 9> 

*  3  Morphin  Sulphate  or  Hydrochlorid,  4% iw 

••  I  Muscarin  Nitrate,  '/«%   (^75) '.'.'.'.."'.'. '^....     W 

I  Nicotin    ' 

•3         "        1%   (0.75)    » 

*'2  •■  %%     (075)      » 

•  F.  E.  itands  for  fluideittract.  ^ 
■  Pttmanetit  Suprarrial  Erirart:    MuxnU  for  lhr*«  diyt  ta  jarti  of  t'g' 

or  4  of  dried,  auprarcnil  in  a  mixture  of  i  lurt  of  boric  *cid,  i  atyccriii.  1  ilam 
and  6  water.     Filter.     This  miiy  be  naed  like  Itac  i:tooo  idmalin  uliitiiia. 

•  Green  label.     "  Red  label. 
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'*3          "      '/»%    (0.75)    50 

I  Orthoform    5 

3  Petrolatum    20 

■  3  Phenol,  1%   {0.9) 100 

I  Phlorrhizin    5 

I  PhysDstigmin  Salicylate,  I  mg.  hypodermic  tube 25 

'  •  I           ■'                     -^1%    (0.75)    2 

'  '  3           "                     ■'          V«%    (0,75)  5 

•  I   Picrotoxin,    1  ;  250    5 

I   Pilocarpi!)  hydrochlorid,  I  mg.  hypoderm.  tube 25 

•  I            "                    "               1%    (0.7S)    10 

•3            •'                    "              V..%    (0-75)    30 

I  Potassium   Chlond,  crystals 10 

I      ;;        ;;     9%  25 

3      "        "     1%  100 

3         "            "       V.-%    ■■■  25 

1  "          lodid,   1%    50 

2  "         Permanganate,    i  %   too 

'  •  1  Quassia,  5%   in*us 25 

•  3  Quinin  Hydrochlorid,  1%   (0,75) 25 

•3       "                ■•             ■/..%   (0.7s)    25 

»  *  3        "                "              A«%    (0-75)    25 

•  3        "  "  '/,.%   (0,75),  plus  10%  F.E.  Yerba 

Santa    10 

2  Ringer's  Fluid    400 

1  Santonin,  '/,»%    fwith  NaOH) 25 

•  •  2  Saponin,   y,o%    (0,75) 20 

1  Sod.  Arsenate,  5% 10 

3  "           "          1%    (0.9)    100 

3  Sodium  Chlorid,  crystals 5 

2  •'            "          10%    25 

3  "  "  S%    2.000 

3  "  "  2%    2fl00 

5         "  "  1%   2,000 

1         ■'  "         o.g%  4^)00 

1         "  "       0-75%  Afioo 

1  "       Citrate,   (110)  27.37  grn.  to  I  Liter — 

2  "        Fluor  id  0.43%    (isotonic  with  0.6%  NaCl) 30 

2  "       Nitrite,   10%    25 

3  "       Nitrite,   1%    10 

3         "       Sulphate  (no),  2.5%  400 

3         "  ■'^         (iiol,  2%   1,000 

3         "           "          Oio),  1.9%    100 

•  *  1  Strophanthus,  '/,«%    (09) 100 

3  Suprarenal  Extract  in  So%  Glycerin ' 25 

•  I  Strychnin   Sulphate,   1%    (o,7S) 25 

'  '  3           "                     "         'A.%    (0.75)    SO 

"3          "                    "         ■/"%    (0.75)    IS 

"3           "                     "          /.-%   (0.7s)    20 

•  ■  1          "                  "        V«%  in  25%  acacia S 

•  3  Sugar,  Cane,   10%   25 

•  •  I  Theocin,    5%    10 

•  I  Turpentine  Emulsion,  1% 25 

•  '  I  Urea.  1.9%    100 

•  3  Urethane,   20%    20 

•  3  Veratrin    Sulphate,    1% So 

'_The  addition  of  a  Hlili  Ihymol  will  [mprore  (he  keeping  quality  of  curaro 

"•"crKn  label.'"  "Redraw.    ' 
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•3  "  "  '/."%     5 

1  Yohimbin  Tablets,   s   mg lo 

2  Zinc  Sulphate,  i% 50 

TABLE  XXIX.— ASSIGNMENT  OF  OPERATIVE  WORK. 

To  avoid  confusion,  the  students  in  each  set  should  be  assigned  a 
definite  portion  of  the  work,  as  follows : 

Piace  I. —  Weigh  the  animal;  give  anesthetics  (page  8oi)  and  injec- 
tions (page8o3>;  attend  to  artificial  respiration  (page  817);  cleaning. 
I     Place  II. —  Blood -pressure  tracing  and  pulse  (page   811,  814). 

Place  III.—  Operate  (pages  807  to  81 1 )  and  record.  Observations  and 
tracings  other  than  blood-pressure   (Respiration,  page  815,  etc.). 

The  students  of  each  place  set  up  their  apparatus.  As  much  as  pos- 
sible should  be  prepared  in  advance.  Each  set  will  see  that  its  tables 
are  left  neat  and  clean  at  the  end  of  the  exercise. 

The  assignment  of  the  students  to  these  places  is  given  in  each  exer- 
cise. The  following  may  serve  for  orientation  (the  students  of  each 
set  being  numbered  from  A  to  F) : 

Exercise.     PI.  I.  II.  III.  Exercise.     PI.  I.  II-  III. 


e  assigned  to  dififerent  sets  c 


TABLE    XXX.— TEXT-BOOKS    OF    EXPERIMENTAL    PHAR- 
MACOLOGY AND  PHYSIOLOGY. 

Those  marked  with  an  asterisk  are   referred  to  in  the  text.    The 

others  are  useful,  and  indeed  indispensable  for  advanced  work;  but  they 
will  not  be  needed  in  the  regular  course: 

•Beddard,  Edkins,  Hill,  MacLeod,  and  Pembrey;  Practical  Phys- 
iology; Edw.  Arnold,  London   (igoa). 

Bini:  Vorlesungen  iiber  Pharmacologie;  Hirschwald,  Berlin 
(1891). 

*Brodie:  Essentials  of  Experitnenial  Physiology:  Longmans.  Green 
&  Co..  London,  New  York,  and  Bombay  (1898). 

Brunton :  Pharmacology,  Therapeutics,  and  Materia  Medico;  Lea 
Bros.,  Philadelphia  (i88q>. 

Cyon:    Melhodik;  Ricker,  Giessen  and  St.  Petersburg  (1876). 

Dubois:    Physiologie  Expdrimentale :  Carre  et  Naod,  Paris  (1900). 

•  Edmunds  and  Cushny :  Laboratory  Guide  in  Experimental  Phot' 
vmcology;  Wahr.  Ann  Arbor.  Mich.   (1905), 

•  C,  W.  Greeme:  Experimental  Pharmacology;  Columbia,  Missouri 
(1005). 

Hall :  Laboratory  Guide  in  Physiology ;  Chicago  Med.  Book  Co. 
(i8q7V 

•  The  Harvard  Apparatus  Company  Catalogue ;  47  Pearl  Sir.,  Brook- 
line.  Mass, 

Heinz:  Handbuch  der  experiment.  Pathol,  u.  Pharmakologte; 
Fischer,  Jena  (1904). 
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Hermann:    Physiologisckei  PracHcum:  Vogel,  Leipzig  Ci8()8). 

Heimann:    Experimentelie  Toxicologie;  Hirschwald,  Berlin  (1874). 

Robert;    Lehrbuck  der  Jntoxicationen;  Enke,   Stuligart   (1902). 

Miller;  Experimental  Pkarmacoiogy;  Nortliwestern  University 
Medical  School,  Chicago  (1904). 

Pembrey  and  Phillips;  Physiological  Action  of  Drugs;  Arnold, 
London  (1901). 

Sanderson  and  others :  Handbook  for  the  Physiological  LaborO' 
lory:  Lindsay  &  Blakiston,  Philadelphia  {1873). 

Schafer :  Practical  Physiology,  Longmans,  Green  &  Co.,  London, 
New  York,  and  Bombay  (1901). 

•Stewart;     Manual  of  Physiology,  Saunders,   Philadelphia   (1905). 

TABLE  XXXL— TEXT- BOOKS  OF  PHARMACOLOGY. 

Cushny:    Pharmacology  and  Therapeutics,  Lea    Bros,,   Philadelphia 
(190J)- 
Von  Hofmann ;    Atlas  of  Legal  Medicine,  Saunders,  Philadelphia. 
Schmiedeberg ;     Pharmakotogie.   Vogel,   Leipzig    (1902). 

•  Sollmann :     Text-Book  of  Pharmacology,  Saunders,   Philadelphia. 
While    (Editor) :    Text-Book   of  Pharmacology   and    Therapeutics, 

Pentland,   Edinburgh   and  London    (igoi). 
Wood;     Therapeutics,   Lippincott    (1902). 

TABLE  XXXIL— REFERENCE  WORKS  FOR  CHEMICAL  AND 
PHARMACEUTICAL  WORK. 

Dispensatory,  National  or  United  States: 

Fliieckiger ;    Reactions,  Davis,  Detroit. 

Hager ;     Handbuch  der  Pharmaceutischen   Praxis,   Springer,   Berlin. 

■  Hatcher  and  Sollmann :  Text-Book  of  Materia  Medica,  Saunders 
&  Co-  (1904). 

Remington :     Practice  of  Pharmacy,  Blakiston,   Philadelphia. 

Schaer  and  Zenelti;  Anatylisch-chemische  Uebungsarbeiten,  Gaert- 
ner,  Berlin  (1897). 

Holland;  Medical  Chemistry  and  Toxicology,  Saunders,  Phila- 
delphia. 

*  United  States  Pharmacopaia,  Eighth  Revision,  Blakiston,  Phila- 
delphia. 

Cost  on  Inatallation. —  This  depends  greatly  on  circumstances.    It 

may  be  made  very  moderate  if  the  resources  of  other  departments  are 
utili^ed  (although  this  is  not  true  economy  in  the  end).  The  contents 
of  the  chemic  lockers  cost  about  $6  to  $7  (for  two  men) ;  those  of  the 
animal  lockers  about  $15  (for  six  men).  The  chemicals  require  about 
$loa     A  Ihoro'iKh  equipment  requires  a  much  larger  sum. 

C««t  of  Maintenance.— This  again  depends  entirely  upon  circum- 
stances. For  a  class  of  36  men,  (he  animals  will  cost  about  $,10  to 
$50.  the  chemicals  $25  to  $40  per  year.  An  independent  or  research 
department  will  have  many  other  expenses. 
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CHAPTER  XXXIV. 

EXPERIMENTAL  TECHNIC  AND  APPA- 
RATUS. 

The  main  purpose  of  this  chapter  is  to  give  descriptions  of  the 
methods  and  apparatus  used  in  pharmacologic  experimenlalion  on  ani- 
mals. Students  who  have  taken  a  course  in  experimental  physiology 
will  be  familiar  with  most  of  these  methods;  for  this  reason  it  seemed 
preferable  to  separate  their  description  from  that  of  the  experiments 
proper.  Only  those  methods,  which  are  actually  used  in  the  ordinary 
course,  are  given  in  detail ;  but  it  is  hoped  that  the  references  to  the 
Others  will  be  sufficient  to  guide  the  more  advanced  worker.  It 
should  be  remembered  thai  in  the  matter  of  technic,  a  little  demon- 
strating is  superior  to  pages  of  description. 

I.    ELECTRIC  AND  RECORDING  APPARATUS. 

The  Induction  Coll.— Figure  95  gives  an  illustration  of  a  simple 
and  effective  form.  If  the  letaitising  current  is  required,  the  binding 
screws  a  and  b  are  connected  with  the  battery,  the  primary  key  Kf 
being  closed  whenever  the  current  is  to  be  used.  For  single  make 
and  break  shocks,  the  battery  is  connected  with  a  and  c,  and  make  and 
break  are  made  by  pushing  down  or  releasing  K/i. 

i  is  the  interrupter  which  produces  the  letanising  current  if  the 
battery  is  connected  with  a  and  b.  p  is  the  primary  coil  which  sur- 
rounds a  bundle  of  soft  iron  wire.  The  latter  serves  at  the  same 
time  as  a  magnet  for  the  interrupter.  The  secondary  coil  S  ends 
in  two  binding  screws  s'  s',  lo  which  the  electrodes  are  attached.  If 
these  are  to  be  used  on  the  nerve,  they  are  best  made  from  flexible 
insulated  wire  to  which  short  pins  are  soldered,  Ihe  ends  being  in- 
closed in  glass  tubing  and  bound  together.  For  direct  stimulation  of 
the  muscle,  however,  a  better  arrangement  is  to  connect  s'  with  the 
muscle  by  means  of  very  fine  insulated  wires  the  bared  ends  of  which 
are  thrust  directly  through  the  muscle.  Platinum  and  non-polarizable 
electrodes  are  not  necessary  in  the  ordinary  course. 

To  produce  a  single  break  shock,  s'  is  connected  with  the  binding 
screws  of  another  key,  Ks.  The  electrodes  {e,  e)  are  connected  with 
the  same  binding  post.  (See  Fig.  05.)  When  Ks  is  closed,  the  sec- 
ondary current  is  short-circuited.  To  send  a  single  break  shock  into 
the  muscle:  With  the  finger  close  Ks.  then  Kp.  then  open  Ks.  When 
Kp   is   now   opened,  a  single  break  shock    will   be   thrown   into  the 

The'ra 
a  centimeter  scale 

Always  test  the  coil  by  placing  the  electrodes  on  a  muscle,  or  on  the 
tongue,  before  beginning  the  experiment. 

If   the   Induction   coil   does   not    work  brighten    Ihe   connections 

uAth  sand  paper.    Test  the  primary  circuit,  by  placing  the  wires  on 
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the  tongue;  if  this  shows  a  detect,  test  the  battery  in  the  same  way. 
If  the  trouble  is  not  in  the  primary  circuit,  see  whether  the  electrodes 
are  short  circuited,  by  placing  the  moistened  fingers  on  the  binding- 
screws  of  the  secondary  coil. 

The  Harvard  Inductorium. —  In  this  the  outer  binding  posts  are 
used  for  the  letanising  current;  the  lefr  outer  post  and  the  middle  post 
for  single  shocks.  The  secondary  current  can  be  short-circuited  by 
closing  the  key  at  the  end  of  the  rods.  The  current  is  weakened  by 
drawing  out  the  secondary  coil  and  turning  it  on  its  axis. 

Batteries. —  The  ordinary  dry  cells  are  the  most  convenient.  They 
suffice  for  most  purposes,  although  they  do  not  give  a  very  steady  cur- 
rent.    If  the  latter  is  essential,  the  Daniell  cell  is  the  most  useful. 

Simple  Electric  Keys. — The  form  shown  in  Fig.  95  is  easily  made, 
or  can  he  bought  Small  electric  light  switches  answer  for  many 
purposes. 

Single  Sliock  Key. — The  apparatus  shown  in  Fig.  96  makes  it  pos- 
sible to  produce  a  single  break  mduction  shock  by  o""  ' 


Rg.  es.—  Indi 


Kymograpbt.— These  are  cylinders  which  are  moved  automatically 
by  a  clockwork,  motor,  etc  (see  Fig.  iti,  page  812).  Three  speeds  are 
needed:  one  revolution  in  5  to  10  seconds  (for  frog's  muscle);  in 
5  minutes  (for  details  of  blood -pressure,  etc.);  and  ]4  hour  (for  pro- 
longed blood-pressure,  respiration,  etc.).  The  cylinder  is  covered  with 
paper,  on  which  the  recording  instrument  writes.  The  paper  is  drawn 
snugly  around  the  drum,  the  free  edge  of  the  paper  being  pasted  with 
mucilage  on  to  the  first  layer.  Superfluous  paper  is  trimmed  off.  The 
writing  may  be  done  with  ink  from  a  small  glass  feeding  tube  attached 
to  the  writing  instrument.  A  more  generally  useful  method,  however, 
is  to  use  a  paper  with  glazed  surface  and  covered  with  a  thin  layer 
of  soot,  on  which  the  levers,  etc.,  trace.  The  soot  is  deposited  by  re- 
volving the  drum  rapidly  in  the  (lame  of  a  fish-tail  burner.  A  stand 
for  supporting  the  drum  whilst  it  is  being  revolved  and  smoked  can 
easily  be  constructed  from  a  small  box.  The  tracing  is  always  started 
where  the  paper  joins.  When  the  tracing  has  been  taken,  the  paper  is 
cut  from  the  drum,  and  varnished  by  passing  it  through  a  trough  con- 
taining a  strong  alcoholic  solution  of  orange  shellac.     Any  notes,  etc., 
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must  be  written  with  a  blunt  needle  on  the  tracing  before  it  a  nr- 
nished.  They  should  be  sufficient  to  make  the  tracing  intelligible  wilt- 
out  reference  to  note-books. 

Blue  prinli  of  tracings  may  be  made  by  laying  the  tracing  oc  ) 
sheet  of  sensitive  blue  print  p^>er,  covering  with  a  plate  of  glass,  uti 
exposing  to  sunlight  for  a  day,  and  washing. 

For  writing  points  one  may  use  tapering  bits  of  parchment  paper. 
5  cm.  long,  and  i  cm.  wide  at  the  base.  These  are  attached  to  the  end  ■^i 
the  straw-levers,  etc.,  by  sealing  wax  or  colophonium  cemenL  Poio-j 
of  celluloid  or  steel,  or  the  blunt  end  of  a  needle,  can  be  similarj; 


tajtemjmiy  cwit. 


used.  The  end  of  the  writing  point  should  be  bent  slightly  toward 
the  drum.  It  should  be  placed  at  a  tangent,  pointing  in  the  diredke 
toward  which  the  drum  is  moving. 

The  movements  to  be  recorded  are  usually  so  small  that  they  re- 
quire to  be  magnified  by  levers  (see  Muscle-levers)  ;  the^e  should  1* 
rigid  and  light.     Straws  or  aluminium  are  very  satisfactor>'. 

Stands  lor  Supporting  Levers,  Etc — A  rather  shoii  stand  widi 
heavy   semicircular  base  is  best.    It  is  furnished  with  dotitile  damps 
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("  mouffen").  An  adjustable  stand  is  very  convenient  if  great  ac- 
curacy of  adjustment  is  needed.  This  is  secured  by  a  micrometer 
screw. 

II.  EXPERIMENTS  ON  FROGS. 

"  Medium  "  frogs,  of  a  body-length  of  2  to  3  inches,  answer  very 
■well  ;  the  larger  specimens  should  be  reserved  for  perfusioil  experi- 
ments on  the  heart.  The  animals  should  be  kepi  in  a  roomy  tank,  with 
cold   running  water  and  a  dry  shelf  or  some  stones. 

Adminiat ration  of  Dragis.— Solutions  are  usually  injected  into  the 
anterior  Ij-mph-sac.  The  method  of  Edmunds  and  Cushny  is  recom- 
mended ;  "  Lay  the  animal  back  downwards  in  the  palm  of  the  left 
hand.  Hold  one  of  its  forelegs  firmly  between  the  thumb  and  index 
finger,  and  the  other  foreleg  between  the  middle  and  ring  fingers. 
Draw  its  hindlegs  downward  and  hold  them  against  the  palmar  sur- 
face of  the  hand  by  means  of  the  little  linger, 

"  Having  the  drug  in  the  glass  injecting  pipette,  which  is  held  in 
the  right  hand,  force  the  animal's  mouth  open  with  the  point.  Pass 
the  pipette  into  the  mouth,  avoiding  the  tonRue,  which  is  attached  an- 
teriorly, and  direct  the  point  toward  the  floor  of  the  mouth  which 
with  a  little  pressure  it  will  pierce,  entering  the  lymph-sac.  As  it  is 
pushed  down  the  sac,  the  point  can  be  seen  beneath  the  skin  of  the 
abdominat  wall.  The  finger  is  now  removed,  and  the  drug  allowed 
to  flow  into  the  sac,  or  if  necessary,  blown  in." 

When  very  accurate  dosage  is  desired,  an  exact  pipette,  furnished 
with  a  hypodermic  needle,  may  be  employed.  Ordinarily,  a  pipette 
graduated  by  the  student  with  file  marks  into  %  c.  c„  will  suffice.  The 
quantity  injected  should  lie  between  0.5  and  I  c.  c.  (see  Index,  "  Cal- 
culation of  Doses  and  Dilutions). 

Solutions  can  also  be  given  by  the  stomach,  through  a  blunt  glass- 
tube  passed  down  the  esophagus.  Many  water-soluble  drugs  (alka- 
loidal  salts,  etc.)  are  absorbed  by  the  intact  skin,  and  may  be  admin- 
istered by  painting  them  on  the  surface  of  the  skin,  or  by  placing  the 
entire  animal  in  a  jar  containing  the  solution.  Gases  can  be  given  by 
placing  the  animal  vmder  an  inverted  tumbler. 

AnMthesU  may  be  induced  by  placing  a  bunch  of  cotton  saturated 
with  ether  under  the  tumbler. 

To  pith  a  froSt  it  is  held  in  the  led  hand  and  the  head  bent  slightly 
forward  with  the  thumb.  If  the  finger-nail  is  passed  lightly  along 
the  spine  a  slight  depression  will  be  felt  back  of  the  head.  .\  narrow- 
bladed  knife  is  thrust  in  here,  and  the  brain  or  cord  can  then  be  de- 
stroyed by  pushing  in  a  stiff  wire.  When  this  is  withdrawn,  the 
wound  should  be  stopped  with  a  short  piece  of  pointed  match  to 
avoid  bleeding.  A  special  wire  (the  thickness  of  a  pencil-lead  and 
4  inches  long)   should  be  reserved  for  this  purpose. 

The  brain  and  medulla  alone  are  destroyed  when  the  animal  is  to 
be  used  for  the  observation  of  reflexes  or  circulation.  The  cord  also, 
when  the  organs  (heart  or  muscle)  are  to  be  excised. 

To  destroy  the  brain  only,  a  line  is  drawn  joining  the  posterior 
edge  of  the  tympanic  membranes,  and  the  skull  opened  in  front  of 
this  line  and  the  brain  destroyed. 

Observation  of  Reflex  Time. —  The  frog  ('usually  with  brain  and 
medulla  pithed)  is  held  with  forceps  or  suspended  from  a  hook  passed 
dirough  the  lower  jaw,  and  one  or  both  hind-feet  immersed  into  a 
dish  containing  5%  acetic  acid  or  y.o%  HCI.  The  reflex  time  is  the 
time  elapsing  between  the  immersion  and  the  withdrawal  of  the  foot. 
The  average  of  several  observations  should  be  taken,  the  acid  being 
washed  off  after  each  test,  and  a  short  interval  of  rest  must  be 
given. 
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Fros>boards. —  For  dissections  or  operations,  the  pithed  frog  should 
be  pinned  in  convenient  position  on  a  cork  hoard.  Plates  of  cork 
12  X  4  X  '/u  inches  can  be  obtained  from  dealers  in  shoemaker's 
supplies.  These  are  cut  to  a  length  of  six  inches  and  may  be  tacked 
to  small  pine  boards  of  about  the  same  size. 

For  observing  the  circulation  of  the  frog's  foot,  a  triangular  slit  is 
cut  from  one  end  of  the  board,  and  the  web  of  the  foot  is  stretched 
over  this  slit.  This  is  laid  on  the  stage  of  the  microscope,  the  other 
end  of  the  board  being  conveniently  supported  by  a  tumbler. 

For  observing  the  circulation  in  the  omentum,  the  cork-board  shown 
in  Fig.  97  is  employed.  A  semicircle  is  cut  out  at  one  side  to  adapt 
it  lo  the  stand  of  the  microscope.  A  hole  of  about  i8  mm.  is  made 
near  the  center  with  a  cork-borer.  Into  this  a  perforated  cork  (i  em. 
bore)  is  pushed  lightly.  The  bottom  of  the  cork  is  cut  off  flush  with 
the  board.  The  top  projects  i  cm.  above  the  board.  The  edges  of 
the  cork  are  rounded  with  a  file. 


To  observe  the  circulation,  the  brain  of  Ihe  frog  is  pithed.  The  ab- 
domen is  opened  and  the  sciatic  nerves  divided  wilhin  the  abdomen. 
The  frog  is  then  pinned  on  the  board,  on  the  side  away  from  the  micro- 
scope, so  that  the  abdomen  touches  the  cork.  A  small  pledget  of 
cotton,  moistened  with  normal  saline  solution,  is  inserted  between  the 
frog  and  the  cork.  A  coil  of  intestine  is  drawn  out  carefully,  and 
pinned  over  the  cork,  so  that  the  mesentery  comes  to  lie  over  the 
opening.  Twisting  of  the  vessels  must  be  avoided.  A  triangular  piece 
of  Alter  paper  is  laid  with  its  base  on  the  opened  abdomen,  and  its 
apex   on   the   mesentery.     This   is  moistened  with  normal   saline   solui 

Nomuil  Saline  Solution  for  Frogs. — This  is  a  0.75%  solution  of 
sodium  chlorid. 

Preparation  of  the  Sciatic  Nerve.— The  frog  is  pithed  and  an 
incision  is  made  through  the  skin  from  the  hip  to  the  knee,  about  the 
middle  of  the  dorsal  surface  of  the  leg.  B^  separating  the  muscles 
with  the  forceps,  the  nerve  is  seen  as  a  whitish  cord  at  the  bottom  of 
the  groove.    It  may  be  raised  by  gently  passing  a  thread   under  it 
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with  a   frog-needle.'    Care  must  be  taken  not  to  injure  it  by  handling. 

To  Lisate  the  Leg  exclusive  of  the  Sciatic  Nerve,  the  nerve  is 
prepared  as  just  described,  and  a  stout  linen  ligatured  is  passed  below 
It  and  tied  firmly  around  the  leg,  including  all  the  blood  vessels.  The 
nerve  must  be  protected  against  drying  by  covering  it  with  filler  paper 
soaked  in  0.6%  NaCI. 

To  make  a  muscle-nerve  preparation,  the  frog  is  pithed  through 
brain  and  cord.  It  is  then  held  up  by  the  legs  so  that  the  anterior 
part  of  the  body  falls  down.  The  scissors  are  thrust  through  the 
body  3  liltle  anterior  to  the  angle  and  the  whole  body  is  cut  ofTt  By 
grasping  the  skin  with  a  cloth  it  can  be  readily  removed  from  the 
legs.  The  two  legs  are  then  cut  apart  just  in  the  median  line.  The 
iliac  bones  (the  two  bones  at  the  sides)  are  cut  away.  Each  portion 
is  then  turned  with  the  posterior  surface  upward,  and  the  muscles  of 
the  thigh  are  pulled  apart  with  ihe  fingers.  The  sciatic  nerve  will 
be  seen  lying  at  the  bottom  of  the  groove.  It  is  carefully  dissected 
out  with  a  few  cuts  of  the  scissors,  from  the  spinal  canal  to  which  it 
is  attached,  to  the  knee.  The  thigh  is  then  cut  off  so  as  to  leave  a 
short  piece  of  the  femur  attached  to  the  knee.— A  blade  of  the  scissors 
is  then  thrust  under  the  tendo  Aehillis,  and  pushed  as  far  as  possible 
toward  the  toes.  The  tendon  is  then  cut  off  al  this  point  The  tibial 
bone  is  also  divided  close  to  the  knee. —  In  this  way  a  preparation  is 
formed  consisting  of  a  small  piece  of  bone  of  the  spinal  column  at- 
tached to  the  sciatic  nerve,  a  bit  of  the  femur,  the  gastrocnemius 
muscle,  and  the  tendo  Aehillis.  These  preparations  must  be  carefully 
kept  from  drying  by  wrapping  in  filter  paper  soaked  in  normal  saline 

If  the  drugs  are  not  to  be  applied  directly  to  the  muscle,  the  skin 
may  be  left  on  the  preparation.  If  the  poison  is  to  be  applied  only  to 
the  nerve,  the  operation  need  only  to  be  carried  to  t- 

Oaatrocnemins  Preparatlona. —  If  the  muscle  alone  is  to  be  ob- 
served, the  preparation  of  the  nerve  may  be  dispensed  with.  The  leg 
is  amputated  just  above  the  knee.  If  the  muscle  is  not  to  be  exposed 
to  the  poisons,  this  preparation  may  be  used  as  it  is.  Otherwise  the 
skin  may  be  removed  and  the  muscle  prepared  as  in  —  to  —  of  the 
last  paragraph. 

It  is  sometimes  desirable  to  obtain  a  record  of  muscular  contractions 
whilst  the  circulation  through  the  muscle  is  intact.  For  this  puri>ose 
the  pithed  frog  is  pinned  on  the  board,  dorsal  surface  up,  and  a  liga- 
ture is  passed  through  the  tendo  Aehillis  and  attached  to  the  lever. 

Protection  Against  Drying. —  The  muscle  and  nerve  must  be  care- 
fully protected  from  desiccation.  This  is  superfluous  if  the  prepara- 
tion is  covered  by  skin ;  otherwise,  it  may  be  wrapped  in  filter  paper 
^turated  with  normal  saline  solution.  The  nerve  may  be  painted 
with  the  solution,  using  a  camel's  hair  brush  or  swab.  If  it  is  neces- 
sary to  keep  the  moisture  constant,  the  preparation  is  covered  by  a 
tumbler  or  bell-jar  lined  with  moist  filter  paper.  A  "moist  chamber" 
is  made  by  the  Harvard  Apparatus  Company. 

Direct  Application  of  Drugs  to  the  Muscle  or  Nerve. —  This  may 
be  done,  according  to  circumstances,  by  dipping  the  part  into  the  solu- 
tion, or  by  oainling  with  a  camel's  hair  brush,  or  by  allowing  the  solu- 
tion to  flow"  over  the  part  from  a  pipette.  The  penetration  of  solutions 
into  the  muscle  may  be  facilitated  by  scarifying  the  sheath. 

Gasfs  may  be  applied  by  placing  the  preparation,  or  any  part  of  it, 
into  a  tube  through  which  the  moist  gas  is  flowing  (Harvard  Gas 
Chamber). 

■  Frog  Nttilri  are  made  by  heat[nE  1  Haul  acwing  needle  tislf  ui  {nch 
[ram  ibe  blunt  end  until  it  can  be  bent  al  right  anglea  and  fixing  th«  point  In 
•  convenient  wooden  handle  (penholder). 
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Heating  and  Cooling  the  Mu*cle. —  The  muscle  may  be  heated  or 
cooled  by  laying  it  into  normal  saline  solution  of  the  required  tem- 
perature. Better  results  can  be  obtained  by  surrounding  the  muscle 
with  a  box  containing  water  at  the  proper  temperature  (Harvard 
Muscle   Warmer). 

MusclC'Lcvcrs. —  To  record  the  movement  of  a  muscle  graphically, 
to  obtain  a  muscle-tracing,  it  requires  to  be  magnified  by  a  lever.  The 
t)^e  illustrated  in  Fig.  g&  is  the  most  useful  for  pharmacologic  pur- 
poses, as  it  permits  the  application  of  solutions  without  removing  the 
lever  from  the  drum. 

A  straw  or  light  strip  of  aluminium,  about  5  inches  long,  is  tied  to 
the  lever  and  fixed  with  wax.  This  again  bears  a  writing  point  of 
parchment  paper. 

The  muscle  is  attached  by  hooks  or  strings,  as  shown  in  the  figure. 
The  attachment  to  the  lever  is  best  made  with  a  bent  pin,  so  that  the 
point  of  attachment,  and  thereby  the  excursion,  can  be  altered  as 
needed.  A  weight  of  about  to  Gm.  should  be  suspended  on  the  other 
limb,  about  an  eqtzal  distance  from  the  fulcrum.    The  nerve  may  be 


Fig.  98. —  Muacic  Icvtr,  nitural  siie. 

laid  on  the  electrodes.  If  the  muscle  is  to  be  stimulated  directly,  fine 
wires,  connected  with  the  secondary  coil,  are  thrust  directly  through 
the  muscle. 

Single  break  shocks  (see  Index)  are  used,  unless  the  muscle  is  to 
be  tetanized.  The  lever  is  adjusted  at  a  tangent  to  the  drum,  until 
it  traces  easily  when  the  lever  is  moved.  The  writing  point  should  be 
bent  toward  the  drum.  The  fastest  speed  of  the  drum  is  needed  lo 
show  the  form  of  contraction.  This  may  be  secured  by  raising  the 
drum  from  the  clockwork,  and  spinning  it  like  a  lop,  by  a  weight 
attached  to  a  cord  which  is  wound  about  the  drum.  The  tracing 
should  be  taken  immediately  after  the  weight  has  fallen. 

If  it  is  wished  10  stimulate  the  muscle  always  at  the  same  point  of 
the   drum,    the   arrangement   described   in    Stewart's    Manual   may   be 

The  effect  of  a  solution  is  testedby  placing  it  in  beaker  or  test-tube, 
and   raising  this  so  as  to  immerse  the  muscle. 

A  time  record  may  be  placed  on  the  tracing  by  a  writing-point  at- 
tached to  a  vibrating  tuning  fork. 
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To  study  the  eflect  of  drugs  on  fatisne,  the  two  gastrocnemii  of 
the  same  animal  are  employed,  one  being  treated  with  normal  saline, 
the  other  with  the  drug  dissolved  in  saline.  The  two  muscles  arc  ' 
then  tied  to  levers,  which  are  arranged  so  as  to  write  on  the  same 
(slow)  drum.  The  magnification,  load,  friction,  etc.,  should  be  ex- 
actly equal.  Each  muscle  is  then  connected  with  one  of  the  binding 
screws  of  the  secondary  coil.  A  third  wire  joins  the  two  muscles.  A 
tetanizing  current  is  employed.  The  results  are  apt  to  be  unsatisfac- 
tOTv  unless  the  experiment  is  very  carefully  performed. 

The  Lifting  Power  of  a  Muscle.— A  convenient  apparatus  for 
studying  this  consists  in  a  stiff  straight  brass  wire  (4  mm.  diameter), 
about  6  inches  long.  One  end  of  the  wire  is  securely  clamped  to  a 
stand;  the  other  is  prolonged  by  a  straw,  to  exagecrate  the  move- 
ment. A  stiff  iron  rod  (%  inch  diameter,  6  inches  long)  is  clanwed 
on  the  same  stand.  3  inches  above  and  parallel  to  the  brass  wire.  The 
muscle  Is  tied  to  the  two  rods,  so  that  it  may  be  moved  toward  or  away 
from  the  stand.  The  nearest  point  to  the  stand  is  noted,  at  which 
stimulation  of  the  muscle  causes  a  perceptible  movement  of  the  lever. 
This  will  be  the  nearer,  the  greater  the  lifting  power  of  the  muscle. 

Another  method  is  as  follows :  The  muscle  is  connected  with  a 
Harvard  muscle  lever,  which  is  supported  by  the  after-load  screw. 
A  weight-pan  is  suspended  from  the  lev£r  at  the  point  where  the 
muscle  is  attached,  and  weights  are  added  until  the  muscle  is  just 
unable   to   move  the   lever  when   stimulated. 

The  excitability  of  a  muscle  or  nerve  is  observed  very  simply  by 
noticing  the  greatest  distance  or  angle  of  the  secondary  coil,  which 
will  just  give  a  contraction  (single  break  shocks).  Care  must  be 
used  that  the  electrodes  make  good  and  equal  contact. 

To  compare  the  effect  of  a  drug  on  muscle  and  nerve,  t^o 
muscle  nerve  preparations  (page  797)  are  made  from  the  same  animal. 
A  microscopic  slide  is  placed  in  an  evaporating  dish,  so  as  to  form  a 
bench,  and  the  bottom  of  the  dish  is  filled  with  the  solution  (which 
should  not  touch  the  slide).  The  two  preparations  are  now  arranged 
so  that  the  nerve  of  one  and  the  muscle  of  the  other  are  in  the  solu- 
tion, whilst  the  muscle  of  the  first  and  the  nerve  of  the  second  lie  on 
the  bench,  1.  e.,  outside  of  the  solution. 

The  technic  of  electro-pbyslology  is  given  in  Stewart's  Manual. 

Ciliary  Movement. —  A  pithed  frog  is  pinned  on  a  board,  abdomen 
upward.  The  lower  jaw  is  cut  off  and  the  esophagus  is  opened.  The 
rate  of  motion  is  measured  by  observing  the  time  which  a  very  small 
bit  of  cdrk  requires  to  travel  between  two  pin-pricks.  TTie  mucosa 
must  be  kept  moist  by  saline  solution.  The  cilioscribe  (Dixon  and 
Inchley,   1905)   allows  more  accurate  study. 

To  expose  the  heart,  the  frog  is  pithed,  brain  only.  An  incision 
is  then  made  in  the  median  line  Ihrough  the  abdomen  and  the  upper 
part  of  the  body.  The  cartilage  between  the  arms  is  divided  and  the 
arms  are  pulled  well  apart  and  fixed  to  a  small  board  with  pins.  The 
heart  can  then  be  seen  beating.  If  it  is  to  be  treated  with  reagents,  the 
pericardium  should  be  opened.  The  frog's  heart  will  be  seen  to  con- 
sist of  two  auricles  and  a  single  ventricle.  From  the  ventricle  arises 
a  small,  whitish  bulbus  aortje,  and  from  this  the  two  aort*.  If  the 
heart  is  turned  up,  it  will  be  seen  that  the  auricles  are  continued  into 
the  sinus  venosus.  A  white  line  marks  the  junction  of  the  two.  The 
stimulation  of  this  line  stimulates  the  vagus  ganglia.  If  the  heart  is 
to  be  handled  considerably,  it  will  be  convenient  to  place  a  silk  liga- 
ture around  the  frentim.  the  delicate  fibrous  band  attaching  the  lower 
surface  of  the  heart  to  the  pericardium.  This  can  then  be  divided 
and  the  heart  turned  by  the  ligature.  If  druRS  are  to  be  applied,  this 
liently  done  with  a  pipette  or  a  camel's  hair  pencil. 
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The  vmgUB  trunk  comes  to  the  surface  at  about  the  angle  of  the 
jaw,  in  company  with  the  glossopharyngeal  and  hypoglossal  nercc 
lying  between  the  two.  By  exposing  this  area  the  va^s  can  ^s,; 
be  seen  passing  to  the  heart  (Fig.  99).    It  may  be  dissectol  oat  and 

E laced  on  a  ligatuce  for  stimulation,  but  frequently  it  suffices  to  stim:- 
ite  it  in  silu. 

For  the  dissection  of  the  accelerator  ncrvt,  see  Stewart's  ManiBl. 
Cardiac  Tracings.— As  a  general  rule,  more  can  be  learned  bj 
direct  inspection  of  the  heart,  than  by  tracings.  These  may  be  lakci 
either  by  (a)  resting  a  light  lever  directly  on  the  heart ;  or  (6)  by  »^- 
taehing  a  small  piece  of  cork  to  the  muscle-lever,  in  place  of  the  weijlt 
and  resting  this  weight  on  (he  heart  i  or  (c),  by  the  snspoiS'X 
method,  passing  a  fine  thread  around  or  through  the  apex,  and  co 
necting  with  a  muscle-lever  (Heinz,  1,  p.  8ao)  ;  or  (d)  1^  conneciXK 
one  of  the  aorta  with  a  small  mercury  manometer  (see  "BkoJ- 
pressure").  When  levers  are  used  with  the  heart,  they  sbodd  be 
light  and  well  balanced. 


Perf iialon  of  the  Frog's  Heart.—  The  most  convenient  method  too- 
sists  in  placing  cannula  (see  Index)  into  the  ascending  veoi  ca« 
and  in  one  of  the  aortz,  both  pointing  toward  the  heart  and  tigititt 
the  other  vessels.  The  vein  cannula  is  connected  by  nibher  tobicg 
with  a  small  funnel  or  a  bulb,  shaped  as  in  Fip.  102.  Air  bubbles  mW 
be  rigorously  excluded.  The  aortic  cannula  is  also  connected  wi4  » 
tube,  through  which  the  fluid  can  return  to  the  reser^-oir.  The  httr 
is  filled  with  the  perfusing  fluid  —  Ringer's  solution,  preferabit  wf* 
the  addition  of  10  to  25%  of  detibrinated  herbivorous  blood.  ^  rais- 
ing the  reservoir,  the  diastolic  pressure  can  be  varied  at  will  — W  to 
30  em.  gives  the  best  results.  The  resistance  to  the  heait  can  b*  n- 
ried  by  raising  or  partially  clamping  the  aortic  tube. 

The  observations  are  made  by  counting  the  number  of  beats  wd  tlw 
outflow  per  minute.  Tracings  may  be  taken  by  any  of  the  methods 
The  heart  may  be  left  in  the  body,  or  excised. 

If  drugs  are  (o  be  perfused,  it  is  well  to  connect  the  vein  an 
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with  two  reservoirs  by  a  small  Y  tube,  the  tubes  being  furnished  with 
Mohr's  clamps.  Both  reservoirs  must  be  at  the  same  level.  Much 
weaker  solutions  of  drugs  are  employed  in  the  perfusion  than  thoM 
which  are  dropped  on  the  surface  of  the  heart. 

If  it  is  desired  to  keep  the  diastolic  pressure  perfectly  constant, 
the  bulbs  (or  "aspirator"  bottles)  are  provided  with  a  Mariotte 
■topper — a  perforated  stopper  with  a  glass  tube  passing  to  near  the 
bottom  of  the  tube.  The  pressure  is  taken  from  the  lower  end  of  this 
tube,  no  matter  what  the  level  of  the  liquid. 

For  a  description  of  the  more  complicated  WlllUins'  Apparatus, 
see  Index. 

Experiments  on  Turtle*'  Hearts.  —  These  are  in  some  respects 
superior  to  those  on  the  frog,  the  structures  being  latter  and  more 
resistant.  The  technic  is  the  same.  The  brain  is  pithed,  and  the  heart 
exposed  by  sawing  off  the  plastron.  The  animal  can  Le  supported  on 
its  back  in  a  ring  formed  with  a  towel.  The  vagus  accompanies  the 
carotid  artery. 

Strips  of  the  ventrkle  may  be  cut  by  opening  the  pericardium, 
grasping  the  left  angle  of  the  base  of  the  ventricle  with  forceps,  and 
cutting  around  the  apex  to  the  opposite  side.  This  piece  may  be  cut 
into  2  or  three  strips,  and  attached  to  the  muscle  lever,  precisely  like  a 
gastrocnemius  preparation,  keeping  it  immersed  in  Ringer's  Fluid 
TGreene). 

Heart  ol  Chick  Embryos,—  Eggs  are  incubated  for  24  to  36  hours, 
carefully  opened,  the  contents  floated  into  a  dish,  and  the  mem- 
branes cut  away.  The  heart-beat  may  be  observed  in  a  watchglass, 
under  ttte  microscope,  and  drugs  applied,  etc.  The  heart  at  this  time 
does  not  contain  nerves.     (Pickering,  1893.) 

Perfusion  of  the  Vessels  of  the  Frog. —  The  heart  of  the  pithed 
frog  is  exposed.  One  aorta  is  tied  and  a  cannula  is  tied  in  the  other 
aorta,  pointing  peripherally.  This  is  connected  with  perfusion  reser- 
voirs with  Ringer's  Fluid.  The  vinus  venosus  is  cut  The  frog  is 
suspended  over  a  graduate,  by  which  the  outflow  is  measured. 

Movements  ol  the  Stomach. —  See  Practical  Physiology,  Beddard, 

III,  EXPERIMENTS  ON  MAN. 

Numerous  actions  of  drugs  can  be  demonstrated  on  the  student  or 
on  patients  without  special  apparatus  —  the  effects  on  respiration, 
pulse,  pupil,  diuresis,  taste,  local  and  general  anesthesia,  psychic  effects, 
etc. 

These  observations  are  the  more  valuable  if  they  are  taken  in  con- 
nection with  the  ward-work,  and  supplemented  by  the  use  of  the  clin- 
ical instruments  of  observation:  thermometer,  sphygmomanometer, 
sphygmograph,  etc.  Experiments  with  the  plethysmograph,  cardioin'aph, 
esthesiometer,  etc.,  come  under  the  same  heading.  The  technic  is  de- 
scribed in  Stewart's  Manual.  Ergopraphic  experiments  are  also  useful. 
The  Harvard  spring  ergograph  suffices  for  demonstrating  the  effects 
of  drugs. 

IV.  EXPERIMENTS  ON  MAMMALS. 

Anestbesla.—  Operations  are  lo  be  made  only  under  complete  surgi- 
cal anesthesia. —  The  method  of  anesthesia  depends  to  some  extent  on 
the  animal. 

Dogs. — Morpkin-Ether  Anesthesia.  —  o.oz  Gm.  of  Morpbin  per  Kg. 
(hydrochlorid  or  sulphate,  0.5  c.  c.  per  Kg,  of  4%  solution)  is  injected 
hypodermically  (before  the  laboratory  time)  and  followed  in  half   an 
hour  or  an  hour  by  the  inhalation  of  ether  (see  Exercise  58). 
I— SI 
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Volatile  anesthetics  may  be  given  to  animals  on  cotton  covered  with 
a  towel,  taking  care  to  cover  the  whole  mouth  of  the  animal.  When 
long-continued  anesthesia  is  required  and  the  trachea  is  to  be  opened 
in  Ihe  experiment,  the  anesthetic  is  continued  through  the  tracheal 
cannula.  An  arrangement  as  in  Fig.  100  is  very  useful  for  this  pur- 
pose. It  consists  of  a  Woulf's  bottle  containing  the  anesthetic.  The 
tracheal  cannula  is  connected  with  one  mouth  of  the  bottle  and  pre- 
vented from  falling  in  by  a  screw-cock.  The  other  mouth  bears  an- 
other tube,  which  can  be  narrowed  by  another  screw -cock.  By 
adjusting  these  cocks  the  amount  of  anesthetics  can  be  increased  or 
diminished.  In  the  illustration  is  shown  the  manner  of  connecting 
this  with  Marey's  tambour  for  taking  reM>initory  tradngs.  The 
cocks  may  generally  be  dispensed  with. 

Chloroform,  or  an  A.  C.  E.  tnixlure  (of  equal  parts  of  Alcohol. 
Chloroform,  and  Ether)  may  be  substituted  for  the  ether;  but  they 
lower  the  blood -pressure  and  arc  more  dangerous. 

Ethyl  Chlorid  is  useful  for  very  short  operations.  It  may  be  given 
without  morphin,  by 
t^  spraying  it  on  some  cot- 
ton placed  in  the  bottom 
of  a  tumbler,  which  is 
then  inverted  over  the 
mouth  and  wrapped  with 
a  towel.  Better  results 
are  secured  by  givinR  it 
in  ^as-form  through  a 
special  mask. 

M  o  r  p  hi n-CUoretOHe 
Anesthesia. —  This     has 
the  advantage  that  it  re- 
Fig.     .oo.-Wo«lfs     bottle     (or    giving    .n«thctic    '"■.'■'«^  "*>    attention,    the 
(also   arranged   for   respiratory  iraeing).  animal     remainmg    COm' 

pletely  anesthetized  for 
several  hours.  It  cannot  be  used  if  the  animal  is  to  recover  from 
the  operation.  The  morphin  is  injected,  as  above.  After  i  to  3 
hours,  0.2  Gm.  per  Kg,  of  chloretone,  dissolved  in  a  small  quantity  of 
alcohol,  is  injected  through  a  stomach-tube. 

GrefaBiit  Anesthesia  (1905). —  This  possesses  all  the  advantages 
of  the  chloretone  method,  but  is  more  safe.  <It  has  not  been  tested 
sufficiently  in  survival  experiments,  but  can  probably  be  used.)  The 
animal  is  given  a  hypodermic  injection  of  o.Oi  pn.  per  Kg.  of  morphin 
(54  c.c.  per  Kg.  of  4%),  followed  in  half  an  hour  by  10  c.c.  per  Kg. 
of  the  mixture,  diluted  with  water  to  make  a  total  of  200  c.  c,  admin- 
istered by  the  stomach  tube.  The  anesthesia  is  complete  in  s  to  ig 
minutes  and  lasts  for  8  to  14  hours.  The  mixture  consists  of: 
chloroform.  50  c.  c. ;  alcohol  and  water,  each  soo  c.  c. 

CKt*.~Ether  Anesthesia,— Tht  animal  is  placed  in  a  tight  box  or 
bell-jar.  Into  which  are  dropped  sponges  saturated  with  ether,  until  the 
required  degree  of  anesthesia  is  procured. 

Morphin-Chloretone  Anesthesia  (Edmunds  and  Cushny).— The  ani- 
mal is  placed  in  a  box,  35  cm.  long,  18  cm.  wide,  and  18  cm.  deep. 
TTie  box  is  furnished  with  a  sliding  lid.  A  V  shaped  cut  is  made 
in  the  end  of  the  iid  and  in  the  corresponding  end  of  the  box,  so  that 
the  animal  may  be  securely  clamped  in  this  opening,  allowing  the  head 
to  protrude.  The  lid  is  fixed  with  a  nail.  40  to  6>  nw.  of  morphin 
are  injected  with  a  hypodermic  syringe  into  the  skin  of  the  neck.  This 
is  followed  by  0.3  Gm.  per  Kg.  of  chloretone  dissolved  in  alcohol,  ad- 
ministered by  a  stomach-tube. 

Rabbits.—  One  of  the  following  anesthetics  may  be  given  by  stomach- 
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tube:  Urelhane,  1  Gm.  per  Kg.,  dissolved'in  water;  Paraldehyd,  i  Gm. 
per  Kg.,  undiluted ;  Chloral,  0.6  Gm.  per  K^.,  in  water. 

An, easier  and  better  method  consists  in  injecting  the  drugs  into  the 
rectum  by  a  catheter,  claming  the  anus  with  a  bull-dog  forceps  after 
the  injection  is  finished.  The  doses  by  this  method  are :  Urethane, 
0.7s  Gm.  per  Kg.,  in  water;  Paraldehyd,  i  Gm.  per  Kg.,  undiluted; 
Chloral,  0.3   Gm.   per  Kg.,  in   water. 

Morpkin    (50  Tag.),  hypodermically,   aiso   secures  a  good   anesthesia. 

About  fifteen  to  twenty  minutes  are  allowed  for  the  development  o( 
the  narcosis.  If  this  is  mcomplete,  it  may  be  supplemented  by  the  in- 
halation of  ether.     Chloroform  is  rather  too  dangerous  for  these  ani- 

The  Aditilnistratlon  of  Anesthetics.— The  anesthetizer  should  be- 
stow as  much  attention  on  the  animal  as  if  it  were  a  patient  It  should 
be  kept  warm  by  covering  with  a  towel  or  cotton.  Complete  mus* 
cular  relaxation  is  the  best  index  of  sufficient  anesthesia.  The  con- 
junctival reflex  may  remain.  The  attention  should  be  fixed  mainly  on 
the  respiration.  If  this  stops,  artificial  respiration  should  be  started 
without  delay.  If  unsuccessful,  other  methods  should  be  tried  (see 
Exercise  58),  With  morphinized  animals,  very  little  of  the  anesthetic 
sufKces,  after  the  operating  is  completed.  The  anesthetic  should  be 
completely  withdrawn  whenever  an  injection  is  made. 
The  anesthesia  may  be  kept  approximately  equal  by  dropping  it  at 


a  uniform  rate;  but  if  this  point  is  essential,  it  is  better  to  employ 
the   Grehant  method. 

Holding  the  Animals. —  In  administering  drugs  without  anesthesia, 
the  animal  should  be  held  securely  between  the  knees  of  an  assistant. 

Animal  Boards.— For  convenience  in  operating,  the  anesthetized 
animals  should  be  tied  to  a  board.  A  number  of  complicated  holders 
are  in  use,  but  the  one  illustrated  in  Fig.  101  is  cheap  and  answers' 
almost  every  purpose. 

A  number  of  sizes  should  be  on  hand  for  different  sized  animals 
(1X4  feel  for  dogs;  8X30  inches  for  rabbits).  The  croespiece  is 
made  of  wire,  Vi>  inch  in  diameter.  Il  is  pushed  back  of  the  canine 
teeth.  A  2-foot  piece  of  stout  twine'  is  passed  under  the  neck,  behind 
the  ears,  (he  ends  are  brought  forward,  wound  tightly  around  the 
wire,  and  lied  about  the  mouth.  This  holds  the  head  very  securely. 
In  operating  on  the  neck  the  front  legs  should  be  lied  toward  the  ab- 
domen; in  operatin?  on  the  chest,  they  are  secured  toward  the  head. 

The  Administnition  of  Drugs. —  To  give  a  drug  by  stomach,  a 
stout,  soft  gum  catheter  (No.  10,  English  scale)  is  attached  to  a  feed- 
ing bulb.'  (Fig.  loz). 


India  hcmr  No.  3  for  dons;  dauntless  fla:T  No.   24  for  rabbits. 
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The  mouth  of  the  animal  is  held  open  with  a  notched  stick,  the  head 
of  the  animal  is  bent  forward,  and  the  moistened  catheter  is  passed 
well  back,  when  no  difikulty  will  be  found  in  making  it  enter  the 
esophagus.  Care  must  be  taken  not  to  push  it  into  the  trachea,  and 
it  is  well  to  note  that  the  animal  does  not  breathe  through  the  catheter. 
The  accident  may  also  be  discovered  by  the  faci  that  the  catheter  can 
not  be  pushed  as  far  and  that  the  fluid  flows  in  with  much  greater 
difficulty.  The  solution  ts  then  poured  into  the  bulb.  If  it  does  not 
flow  readily,  it  can  be  quickened  by  blowing. 

Measuring  Solution!. —  Small  quantities  should  be  measured  with 
a  pipette.  The  syringe,  etc.,  should  be  rinsed  with  a  little  water  and 
this  should  also  be  injected,  to  insure  that  the  animal  receives  the 
full  calculated  quantity. 

The  administration  per  rectum  is  done  with  the  same  form  of  appa- 
ratus as  is  used  in  the  stomach.  The  catheter  should  be  introduced  as 
high  as  possible.    The  anus  is  then  closed  with  bulldog  forceps. 

nypoaermlc  Injections  are  generally  made  under  the  loose  skin  of 


IHg.   loi. —  Feeding  Bulb  (made  of  a  ctpicitr  of  i 


c.). 


the  flank  — the  animal  being  held  securely.  The  volume  of  fluid 
should  be  kept  below  i  c.  c.  for  guinea  pigs,  and  below  f,  c.  c.  for  dogs 
(see  Calculation  of  Doses  and  Dilutions,  below).  If  tt  is  necessary 
to  inject  larger  quantities,  they  should  be  given  in  fractions,  distributed 
over  several  parts  of  the  body.  The  injection  of  irritant  substances 
should  be  avoided. 

An  ordinary  (i  c.c.)  hypodermic  s^^inge  and  Strong  "antitoxin" 
tieedle  answers  for  the  smaller  quantities ;  a  5  c.  c.  antitoxin  syringe 
with  an  "  aspirator  "  needle  is  used  for  dogs. 

Intramuscular  Injectlona  are  generally  made  into  the  gluteal  mus- 
cles. Inlrapi-riloneal  and  intrapleural  injections  are  made  by  thrusting 
in  the  small  needle,  perpendicular  to  the  surface  of  the  body. 

For  Intravenous  injections,  a  cannula  is  tied  into  a  vem,  pointing 
toward  the  heart,  and  this  is  connected  with  a  burette  containing  the 
solution.  The  rubber  connection  should  be  short,  to  avoid  dead  space. 
It  is  closed  by  a  Mohr's  clamp.  If  the  injection  is  to  be  made  slowly, 
a  screw-clamp  must  be  placed  on  the  rubber  tube.  The  greatest  care 
must  be  used  to  avoid  the  entrance  of  air  bubbles  into  the  vein.    Be- 
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fore  connecting,  the  rubber  tube  should  be  completely  filled  with  the 
solution,  and  the  cannula  should  also  be  filled  (with  a  pipette).  If 
tiie  volume  of  the  injected  fluid  is  small,  it  may  be  introduced  at  air 
tenq)erature ;  if  it  exceeds  10  c.  c,  it  should  be  brought  to  body  tem- 
perature. (Greene  advises  to  surround  the  burette  with  the  jacket  of 
a  Liebig's  condenser,  through  which  water  of  the  desired  ten^rature 
is  circulated.) 

If  a  number  of  small  injections  of  different  drugs  are  to  be  made  in 
quick  succession,  it  may  be  more  convenient  to  clamp  Ihe  rubber  tube 
a  half  inch  above  the  cannula,  and  to  make  the  injection  with  a  hypo- 
dermic syringe,  thrusting  the  needle  obliquely  through  the  rubber  into 
the  cannula. 

The  injections  may  be  made  either  into  the  femoral  or  jugular  vein. 
The  former  is  preferred,  as  the  jugular  injection  introduced  complica- 
tions by  bringing  the  drug  directly  into  the  heart  in  too  concentrated 
a  form.  It  may  be  necessary  in  small  animals,  in  which  it  is  difficult 
to  introduce  a  cannula  into  the  femoral  vein. 

In  unanesthetized  rabbits,  intravenous  injections  may  be  made  by 
thrusting  the  needle  of  the  hypodermic  syrmge  into  one  of  die  ear- 
veins,  which  has  been  previously  distended  by  pressure. 

Injection!  Into  arteries  require  some  pressure.  This  may  be  ob- 
tained by  connecting  the  top  of  the  syringe  with  a  pressure  bottle;  or 
more  conveniently,  with  the  compressed -oxygen  tank. 

The  Calculation  of  Doses  and  Dilutions.-— Remember  that  one 
c.c.  of  a  1  :  1,000  ('/»%)  solution  contains  1  mg.  of  drug;  of  a  1% 
solution,  10  mg.,  etc. 

Multiply  the  dose  in  milligrams  by  the  weight  of  the  animal  in  kilo- 
grams. This  gives  the  absolute  dose  of  the  drug.  To  find  the  most 
convenient  percentage  of  solution,  divide  the  milligrams  of  absolute 
dose  by  the  number  of  c,  c.  of  solution  which  you  wish  to  use  and 
multiply  the  product  by  O.I,  This  gives  the  percentage.  For  instance, 
vou  wish  to  inject  go  mg.,  in  such  dilution  that  from  i  to  S  c.  c.  will 
DC  needed,  i  c.  c.  would  require  a  *%  X  o.i  ^  a  9%  solution ;  S  c.  c. 
would  require  "AXai^a  1.8%  solution.  Anything  between  these 
limits  will  answer.  Say  that  a  5%  solution  is  at  hand.  Each  c.  c.  of 
this  would  equal  50  mg.  You  wish  90  mg,,  therefore  "/b^i.S  c.c. 
With  a  little  practice,  one  soon  comes  to  judge  the  proper  dilutions 
without  the  necessity  of  this  calculation. 

Work  out  the  following  problems  and  see  whether  the  answers  are 
correct;  The  dog  weighs  8  Kg.  You  wish  to  inject  S  to  10  c.c.  of 
each  solution.  The  dose  of  (a)  ^o.i  Gm,  X  Kg.;  (t)  =5  mjr.  X 
Kg.;  (c)  =:o.oo6  mg,  X  Kg.  What  percentage  and  how  much  of  each 
solution  should  be  used?    Answers:  (a)  8  c.c.  of  10%  or  i  :  10;  (&) 

Cannulae. —  A  plentiful  assortment  of  different  sizes  and  forms 
should  be  on  hand.  They  are  best  made  from  glass-tubing.  The 
edges  should  not  be  sharp;  they  may  be  rounded  in  the  flame,  or  on  a 
sandstone. 

Vessel  Cannula.— Fig.  103,  a  to  J.  shows  the  shape  and  the  most 
useful  sizes,  a  is  for  use  in  the  frog's  heart;  b  for  rabbit's  carotid  or 
dog's  femoral  artery :  c  for  dop-'s  carotid  artery  or  femoral  vein ;  d  for 
dog's  external  jugular,    A  still  smaller  size  is  needed  for  glandular 

These  cannula  are  made  by  heating  Ihe  proper  size  of  tubing  in  a 
large  blow-pipe  flame,  and  drawing  it  out  in  the  form  of  Fig.  104. 
This  is  allowed  to  cool,  and  cut  at  a.  The  pieces  are  then  heated  with 
a  very  small  oointed  flame  at  t,  so  as  to  make  the  shoulder.  The 
ends  are  cut  off  as  obliquely  as  possible,  bv  scratching  with  a  triangular 
file,  ground  to  the  proper   form  on  a  grindstone,  and  rounded  in  the 
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flame.    A  good  cannula  should  have  the  end  sufficiently  large  so  that 
it  will  not  slip  when  tied  into  the  vessels,  but  no  larger. 

(In  heating  glass,  it  should  be  constantly  rotated  in  the  flame;  it  is 
well  to  push  it  together  very  gently  whilst  heating.  It  should  always 
be  removed  from  the  flame  before  drawing.) 


V 


Fig,    IS].—  CBnnuIz  for  tcskIi  anil  li 

Trachael  Cannulie.—  These  are  of  the  form  shown  in  Fig.  103  e. 

One  end  is  best  made  somewhat  smaller  than  the  other,  so  that  the 
same  cannula  may  serve  for  somewhat  different  sizes  of  trachae. 
Tubing  5  and  8  (Fig.  105)  is  most  useful  for  rabbits;  9,  10,  and  12 
for  dogs. 


1  for  ciuiniilz  a 


Aortic  and  Bladder  Cannula. —  This  is  made  of  the  form  and  size 
of  Fig.  106.  The  rings  are  made  by  heating  a  narrow  zone  of  the  tube  In  a 
small  flame,  and  pushing  the  glass  together.  When  used  on  the  bladder, 
this  cannula  is  tied  in  the  neck.    Another  bladder  cannula,  used  especially 

ooOGOG 

Fig.    105.—  Siw8  of  glass  lubing. 


in  rabbits,  consists  of  a  short  thistle  tube  (Fig.  107).  The  bladder  is 
cut  open  and  tied  as  a  drum-membrane  over  the  mouth  of  the  can- 
nula, the  ureters  being  left  free  and  opening  into  the  cannula. 

Ureter  cannulc   are  given  the  form  shown  in  Fiff.   108.    This  is 
the  proper  size  for  dogs.     A  smaller  tube  is  required  for  rabbits.    The 
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narrow  tubing  is  obtained  by  using  the  portion  between  the  arrows  in 
Fig.  104,  making  this  somewhat  longer. 
Insertion  ol  Cannula  into  VosmIb.— The  vessel  is  exposed  and 

cleared  of  all  fascia  for  the  space  of  an  inch,  if  possible.  A  bulldog  for- 
ceps' (Fig.  109)  is  then  applied  to  the  end  of  the  vessel  toward  which 
the  cannula  will  point.  A  ligature  is  passed  by  forceps  or  aneurism  needle 
around  the  vessel  near  the  clamp,  and  tied  into  a  loose  slip-knot. 
The  vessel  is  then  allowed  to  fill  with  blood,  and  another  ligature  tied 
securely  as  far  away  from  the  clamp  as  possible.  The  vessel  is  now 
lifted  by  the  end  of  the  second  ligature,  and  laid  on  the  left  index 
finger.    An   incision   is   made   with    small,   curved    scissors,    near   the 
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distal  ligature,  about  two-thirds  through  the  vessel,  the  'moistened 
point  of  the  cannula  is  pushed  in,  and  the  loose  ligature  is  tied  securely 
around  the  neck.  The  ends  of  the  ligatures  are  now  cut  off.  The 
largest  cannula  should  be  chosen  which  will  fit  the  vessel  without 
force.  The  cannula  is  turned  within  the  vessel  so  that  kinking  will 
not  close  the  opening  of  the  cannula. 

The  whole  procedure  is  quite  easy  when  the  vessels  are  strong.  Deli- 
cate vessels  should  be  well  distended,  and  alt  twisting  must  be  avoided. 
It  may  be  necessary  to  hold  the  vessel  open  with  very  fine-pointed 
forceps.     The  manii>ulations  must  be  made  very  delicately. 

Ligatures,— It  is  a  mistake  to  use  ligatures  which  arc  too  thick. 
The  following  are  useful  sizes:  No.  50  linen  thread  or  buttonhole- 
twist  silk  for  vessels :  cotton  wrapping  twine  for 
trachea,  bladder,  etc.  They  should  be  cut  to  a  length 
of  about  six  inches.  (This  may  be  done  in  mass  by 
winding  the  string  around  the  palm  of  the  hand.) 

A  ligature  should  be  tied  as  securely  as  its  strength 
will  allow.  A  little  practice  will  show  its  limitations. 
More  force  can  be  exerted  if  the  pull  is  made  very 
near  to  the  knot.  A  plain  double  knot  is  best  for 
small  vessels ;  the  bulky  surgeon's  knot  should  be  con- 
fined to  lanter  structures,  such  as  the  trachea  or  aorta. 

Ureter  cannuls  are  introduced  in  the  same  man- 
ner as  described  for  the  vessels ;  except  that  the  ureter 
need  not  be  clamped. 

The  same  general  method  is  also  used  for  Inserting   ^       >„,.—„ .  .  «■ 
tlie  traclieal  cannula.     This  is  exposed,  cleaned,  two        ier  cannula. 
ligatures  are  placed  an  inch  or  two  apart,  and  three  or 
four  rings  of  cartilage  are  divided  with   the  knife,  by  a  straight  or  V 

Operative  Dissections,— The  hair  of  the  animal  should  be  well 
clipped  over  the  field  of  oneration.  Scissors  (6-inch),  curved  on  the 
flat,  are  etKctent.  The  smaller  cut  hairs  are  removed  by  a  wet  sponge. 
The  wound  should  he  kept  as  free  from  blood  as  possible.  This  fre- 
quently determines  the  success  or  failure  of  a  delicate  operation.  In- 
cisions should  be  made,  if  possible,  in  the  median  line ;  the  muscles 
and  fascix  should  be  separated  by  blunt  dissection.    Bleeding  vessels 
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are  secured  by  hemostats,  and  lied.  Blood  is  removed  by  spongiiw 
with  small  pieces  of  absorbent  cotton.  Packing  with  cotton  (or  wim 
Pengawahr  Djambi)  will  stop  capillary  or  venous  ooitng.  Practically 
no  blood  should  be  lost  in  operating  on  the  neck,  groin,  or  abdomen. 
The  wound  may  be  spread  by  tenaculi,  etc.,  or  by  weigiits  attached 
with  a  cord   to  hooks. 

OperatloDB  on  the  Neck,— The  forelegs  are  tied  toward  the  tail. 
The  structures  are  most  conveniently  reached  by  a  median  incision, 
from  the  lower  end  of  the  larynx  lo  near  the  sternum.  The  tissues 
should  be  divided  by  layers,  keeping  to  the  median  line,  until  the 
trachea  is  reached.  This  may  be  lifted  with  the  fingers  and  cleaned 
with  the  forceps.    Tracheotomy  is  the  first  step  in  most  pharmacologic 


Fig.    laS.—  Ureter  cinnuta.     Niluril  die. 

experiments,  as  it  facilitates  anesthesia  and  artificial  respiration.  Bj 
feeling  outward  from  the  trachea,  at  the  'bottom  of  the  wound,  the 
carotM  artery  may  be  felt  pulsating.  It  is  lifted  to  the  surface  with 
the  fin^rs,  or  by  turning  the  edge  of  the  wound  outward.  The  va£ua 
nerve  in  the  dog  lies  in  the  same  sheath  as  the  artery,  and  must  be 
carefully  and  gently  separated  from  it  It  should  never  be  included 
in  the  arterial  ligature.  In  the  dog,  the  vagus  trunk  includes  the 
sympathetic  and  depressor  fiber*.  These  run  separately  in  the  rab- 
bit, but  all  in  the  immediate  neighborhood  of  the  artery;  they  may  be 
recognized  by  their  size,  the  vagus  being  the  largest,  the  depressor 
the  smallest.     (Illustration  in  Heinz,  I,  p.  ^30.) 

Stimulation   and   Diviaion    of    Nerves.—  Nerves  must   always  be 
manipulated  gently.     If  it  is  desired  to  stimulate  or  divide  the  vagus,   - 
or    any    other    nerve,    later    in    the    experiment,    a    ligature    may    be 

Sassed  under  it  and  the  ends  knotted.  The  nerve  can  thus  be  easily 
Dund  and  lifted  from  the  wound.  In  other  cases,  it  may  be  desirable 
to  divide  the  nerve,  securing  each  end 
with  a   ligature.     Nerves  should   always 


stimulation,   good    contact   of   the   elec- 
trodes  should   be   secured.    Stimulation 
of  adjacent  structures  may  be  prevented 
by  slipping  a  strip  of  rubber-dam  under 
Mg.   109.—  Bull  dog  cUnm.        the  electrodes,  or  by  the  use  of  "  shield- 
ed "  electrodes. 
For  the  dissection  of  the  Accelerator  Nerves,  see  Practical  Physiol- 
ogy, Beddard,  eta;  or  Heinz,  I,  p.  726.    A  preliminary  dissection  is 
indispensable. 

The  external  jugular  vein  is  exposed  by  blunt  dissection  between 
the  skin  and  muscle.  It  offers  no  difliculty.  It  may  also  be  reached 
directly  by  a  skin  incision  made  about  the  middle  of  the  neck,  in  a 
line  drawn  from  the  angle  of  the  jaw  to  the  manubrium. 

The  thoracic  duct  may  also  be  isolated  in  the  base  of  the  neck.  It 
terminates  in  the  left  subclavian  vein.    A  practice-dissection  is  necej- 
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Opetiinc  tke  lliorBX, —  The  animal  is  deeply  morphinizcd.  The 
forelegs  are  tied  toward  the  tail.  The  trachea  is  connected  for  arti- 
(idal  respiration.  A  horseshoe  shaped  incision  is  made,  through  the 
skin  and  mnscles,  from  the  lower  ribs  on  each  side,  to  and  across  the 
manubrium  of  the  sternum.  The  incision  may  follow  the  junction  of 
the  cartilage  and  bone  of  the  ribs.  The  skin  is  not  stripped  off.  Arti- 
ficial respiration  is  started.  The  cartilages  are  now  quickly  divided 
and  the  sternum  cut.  The  plastron  is  turned  down  and  the  bleeding 
mammary  arteries  are  secured  with  hemostats.  The  hemorrhage  from 
the  intercostal  arteries  is  insignificant,  but  may  be  checked  by  liga- 
tures. The  everted  plastron  may  be  sewn  to  the  abdomen.  There  is 
usually  a  very  severe  (all  of  blood -pressure.  Anesthesia  can  be  kept 
up  by  blowing  the  air  through  a  Woulfs  bottle  containing  ether,  or 
by  Grehant's  method.  A  large  sponge  soaked  in  wann  water  should 
be  kept  over  the  opening,  between  observations. 


Ji^ediatt   line. 


femoral  volell,  dog.     (Brown.) 

Exposing  the  Femoral  Vessels. —  These  may  be  felt  pulsating  just 
below  Poupart's  ligament,  on  the  outer  edge  of  the  stiff  adductor  longus 
muscle.  The  artery  lies  partly  behind  and  external  to  the  vein  (Fig. 
ito).  The  cannula  should  be  introduced  as  high  as  possible.  As  the 
vessels  give  off  branches  in  this  region,  the  dissection  nmst  be  made 
carefully. 

The  Sciatic  Nerve. —  To  expose  this,  the  hind  leg  is  held  up,  and  an 
incision  is  made  through  the  skin  in  the  median  ridge  of  the  posterior 
surface  of  the  thigh.  The  muscles  are  separated  with  the  fingers, 
keeping  a  little  outward  from  the  middle  line.  The  nerve  is  felt  at 
the  bottom  of  the  wound  as  a  hard  cord.  The  animal  should  be  in 
deep  anesthesia  when  the  nerve  is  handled, 

0|>en]ng  the  Abdomen,— To  avoid  shock,  the  exposure  of  the  ab- 
dominal organs  should  be  limited  as  much  as  possible,  both  as  to  area 
and  time.  The  organs  should  be  kept  warm  by  packing  with  cotton, 
and  a  can  filled  with  hot  water  should  be  kept  near  the  animals.  In 
long  operations  on  rabbits,  it  may  be  necessary  to  immerse  the  whole 
animal  in  a  warm  bath  of  0.9%  salt  solution. 

The  abdominal  incision  is  made  by  preference  along  the  linea  alba. 
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.iied    by    the    Lewaschew-Pkk 

-s,'^'.'    _,   _j-  -J  J  c.  c.   of   blood   per   kilogram   of 

- . .  '':•,     '.'  '  ■ .  ''^.  .ito  a  porcelain  capsule,  defibrinated 

^'V /i>  ,     -.J^  jined,   wanned,   and   reinjected  into  a 

^      >^ .;  "■*  half    hour    until    the    blood    yields    no 

""  i."^  ■**•  .jrinalions  are   needed  for  this  end,     Pef- 

'  ._  ^^'^  .uses  a  considerable   fall   of  blood-pressure. 

-  -^  >  peptone  per  Kilo  are  injected  intravenously 

.ndering'   the  blood   noncoagulable   outside   of   the 

..ed  under  Blood-pressure. 

J   Tracings.— The   lechnic   of   these   should   he   thor- 

O,  as  they  constitute  one  of  the  most  frequent  pharma- 

inients.     They   are   generally   taken    from   the  carotid  ar- 

■  are  the  most  suitable  subjects.     The  general   arrangement 

in  Fig.  HI. 

'TUas  for  Blood -Pre*  sure  Tracings. —  Mercury  Manometer. 

'^'   iJ^'~'^his   consists    of   a    glass   lube,    bent    as   shown    in   the 

>««:   No.  g  tubing  is  used  for  dogs.  No.  7  for  rabbits.     The  straight 

™  IS  about  10  inches  high.    The  tube  is  mounted  on  a  small  board. 

"  C'eat  may  be  screwed  to  the  back  of  this  board,   about  its  middle, 

TTOiwiins  an  inch   on  one  side.    This   is   clamped   to  the   table.    It 

"       jnould  be  leveled  so  that  the  vertical  tube   is  plumb.     The  board  also 

.\  «i  J  millimeter   scale,   with   arbitrary   zero   point.     The   manometer 

p'      "J"«  about   one-half   with   mercury.     The   bent   limb   is   filled   with 

Sh!  .'"'P'ssium  sulphate  solution,  and  connected  with  a  stiff  rubber 

^Pf  '""e  enough  to  reach  lo  the  carotid  cannula.    This  tube  is  closed 

J*™  i  pinch-cock   (or  a  lead-tuhe  and  metal  stop-cock  may  be  subsli- 

™M,  but  with   little   advantage).     The  connecting   tube   is   also   filled 

tn    ™Piesium  solution,   by  means  of  a  long-pointed  pipette.    The 

1"jme  in  the  manometer   is  now  raised  to  about  the  blood -pressure 

f  ™  tmmal    (say   120  mm.).     This  may   be  accomplished   simply  by 

WitiMy  blowing  into  the  rubber  tube,  clamping  near  the  manometer. 

™1  again  filling  the  tube,  or,  the  tube  may  be  connected  by  a  T  piece 

■"I"  a  perfusion  bottle  filled  with  a  magnesium  solution  and  raised  to 

™jJ«ir(id  level. 

f^r  ittording  the  exLu.,-..u..^  ■j, 
«5rsi  float.  /.  This  consists  of  a  ..iu,t  ^j„..u.;.  ui  ..a.u  .ui-i,.:..  ui 
■Mshapeandsi^e  shown  in  the  figure.  It  should  fit  snugly  but  rather  loose- 
'I  "I  llie  tube.  It  bears  a  knitting  needle,  well  centered.  This  again 
P*^  through  a  hard  rubber  cap,  c.  At  the  upper  extremity  this  needle 
2|7"s  a  small  Rat  piece  of  cork,  to  which  the  writing  style  is  attached. 
'»!  may  be  of  parchment  paper,  celluloid,  a  needle,  or  a  quill  pen. 
^  '"^  writing  point  should  be  bent  toward  the  drum.  A  few  drops  of 
"•eiMoii  should  be  placed  in  the  tube  of  the  manometer.  The  mer- 
'"'I  must  not  mount  above  the  float.  The  writing  point  is  held 
jpjna  the  drum  by  a  guide,  consisting  of  a  silk  thread,  suspended 
™j!]awire,  and  loaded  with  a  lo-gram  weight. 
^  nean-blood  preBsure  equals  the  difference  between  the  read- 
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toward  the  symphysis  pubis,  Tliis  permits  the  exposure  of  loops  of 
intestine,  of  the  spleen,  of  the  bladder  and  uterus,  and  of  the  ureters 
where  they  end  in  the  bladder. 

The  ureters  may  be  seen  posteriorly  by  lifting  out  the  bladder. 
(Not  lo  be  confused  with  the  spermatic  cord!) 

(In  male  animals  the  incision  through  the  skin  is  carried  just  to 
one  side  of  the  penis,  the  superficial  veins  are  ligated  and  divided, 
and  the  dissection  is  carried  along  the  fascia  until  the  Itnea  alba  is 
reached. ) 

To  expose  the  kidneys,  from  the  median  incision,  it  is  necessary  to 
carry  this  to  near  the  sternum  and  to  make  a  second,  transverse  inci- 
sion along  the  lower  border  of  the  ribs.  They  may  also  be  reached 
from  the  back,  by  an  incision  made  about  two  inches  from  the  spine, 
from  the  lower  border  of  the  rib  obliquely  downward.  If  the  incision 
is  made  to  follow  the  direction  of  the  muscle,  there  need  be  very 
little  bleeding.    The  spleen  and  intestine  may  be  reached  thrpugh  the 

The  splanclinic  nerves  may  be  stimulated  by  placing  the  electrodes, 
spread  fairly  wide  apart,  about  the  hilus  of  the  suprarenal  gland.  This 
may  be  reached  by  the  same  incision  as  the  kidney.  To  limit  the 
Stimulation  strictly  to  the  splanchnics,  or  to  divide  these  nerves,  prac- 
tice dissections  are  indispensable.  In  the  rabbit,  the  splanchnic  trunks 
may  be  found  in  the  thorax,  about  the  tenth  dorsal  vertebra,  on  each 
side  of  the  aorta.  The  left  is  the  more  easily  found  in  the  abdomen. 
It  accompanies  the  aorta  until  jt  terminates  in  the  lower  celiac  gan- 
glion, just  above  the  left  suprarenal  gland,  on  the  front  of  the  aorta. 
The  nght  splanchnic  is  separated  from  the  aorta,  in  the  abdomen,  by 
the  vena  cava.  It  terminates  in  the  superior  celiac  ganglion,  at  the 
level  of  the  right  suprarenal  gland,  in  front  of  the  vein. 

Destruction  of  Nerves. —  To  complete  the  destruction  of  nerves, 
when  these  accompany  vessels,  the  shealh  is  painted  with  concentrated 
phenol    (Bayliss,    1902). 

Operations  on  the  Chorda  Tympani  and  Submaxillary  Gland. — 
See  Stewart's  Manual,   or   Practical   Physiology.  Beddard,  etc. 

Section  of  the  Spinal  Cord  to  Exclude  the  Vasomotor  Center.— 
The  deeply  anesthetized  and  tracheolomiied  dog  is  laid  on  the  abdo- 
men, without  tying.  The  neck  is  rendered  prominent  by  drawing  the 
head  over  a  sandbag,  block,  or  brick.  An  incision  is  made  through 
the  skin  and  muscles,  to  the  spine,  from  the  occiput  for  a  distance  of 
three  or  four  inches.  Artificial  respiration  is  started.  The  cord  is 
divided  between  the  third  and  fourth  cervical  vertebrae.  This  may  be 
done  without  removing  the  vertebra;,  by  pushing  a  narrow-bladed  knife 
between  the  articulations.  It  is  more  certain,  however,  to  expose  the 
cord.  This  should  be  done  as  quickly  as  possible,  and  the  profuse 
hemorrhage  controlled  by  packing  tightly  with  small  pledgets  of  cotton. 
The  vasomotor  centers  may  be  excluded  with  absolute  certainty  by 
destroying  the  cord,  passing  a  strong  brass  rod  down  the  spinal  canal. 

The  extent  of  the  section  or  destruction  must  always  be  controlled 
by  sciatic  stimulation  and  by  subsequent  autopsy. 

If  it  is  desired  to  paralyze  the  vasomotor  center,  the  spine  may  be 
opened  from  the  third  cervical  vertebra  upward,  and  packed  with  cot- 
ton saturated  with  5%  cocain  solution.  This  may  again  be  rinsed  off 
after  a  time. 

The  technic  of  operations  on  the  tnotor  areas  of  the  brain  is 
described  in  Stewart's  Manual.  The  establishment  of  permanent  Hstula, 
which  is  scarcely  suitable  for  ordinary  students'  work  in  pharmacology, 
is  also  described  in  this  work.  Aseptic  Operations  involve  the  cus- 
tomary surgical  technic. 
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To  reduce  an  anlinal  to  mrglcal  shock,  it  must  be  completely 
mesthetized.  The  intestines  are  then  exposed  and  manipulated  se- 
rerely. 

It  is  sometimes  necessary  to  render  the  hlood  of  an  animal  nan- 
^Mgulabte;  for  instance,  in  measuring  the  outflow  from  veins,  or  (or 
practicing  transfusion. 

,  The  besi  method  consists  in  the  intravenous  injection  of  leech  ex- 
hiKt.  For  each  kilo  of  body-weight,  the  heads  of  three  leeches  are 
Tubbed  with  sand  and  6  c.  c,  of  0.9%  salt  solution.  This  causes  appa- 
rently no  cbanRc  in  the  circulation. 

The  same  object  may  be  accomplished  by  the  Lewaschew-Plck 
method  of  defibrination.  About  20  c.  c.  of  blood  per  kilogram  of 
animal  are  drawn  from  an  artery,  into  a  porcelain  capsule,  detibrtnated 
by  beating  with  a  glass  rod.  strained,  warmed,  and  reinjected  into  a 
vein.  This  is  repeated  every  half  hour  until  the  blood  yields  no 
coagulum.  Six  or  seven  defibrinations  are  needed  for  this  end.  Pep- 
tone is  less  certain,  and  causes  a  considerable  fall  of  blood -pressure. 
0,3  to  0,6  Gm.  of  Witte's  peptone  per  Kilo  are  injected  intravenously 
(as  5%  solution). 

The  methods  of  rendering  the  blood  noneoagulable  outside  of  the 
body  will  be  discussed  under  Blood-pressure. 

Blood- Pressure  Tracings.— The  technic  of  these  should  be  thor- 
oughly mastered,  as  they  constitute  one  of  the  most  frequent  pharma- 
cologic experiments.  They  are  generally  taken  from  the  carotid  ar- 
tery. Dogs  are  the  most  suitable  subjects.  The  general  arrangement 
is  shown  in  Fig.  in. 

Apparatus  for  Blood -Pressure  Tracings. —  Mercury  Manometer. 
—  Fig.  112.— This  consists  of  a  glass  tube,  bent  as  shown  in  the 
figure.  No.  9  tubing  is  used  for  dogs,  No.  7  for  rabbits.  The  straight 
limb  is  about  10  inches  high.  The  tube  is  mounted  on  a  small  board. 
A  cleat  may  be  screwed  to  the  back  of  this  board,  about  its  middle, 
projecting  an  inch  on  one  side.  This  is  clamped  to  the  table.  It 
should  be  leveled  so  that  the  vertical  tube  is  plumb.  The  board  also 
bears  a  millimeter  scale,  with  arbitrary  ^ero  point.  The  manometer 
is  filled  about  one-half  with  mercury.  The  bent  limb  is  filled  with 
25%  magnesium  sulphate  solution,  and  connected  with  3  stiff  rubber 
tube  long  enough  to  reach  to  the  carotid  cannula.  This  tube  is  closed 
with  a  pinch-cock  (or  a  lead-tube  and  metal  stop-cock  may  be  substi- 
tuted, but  with  little  advantage).  The  connecting  tube  is  also  filled 
with  magnesium  soliition,  by  means  of  a  long-pointed  pipette.  The 
pressure  in  the  manometer  is  now  raised  to  about  the  blood -pressure 
of  the  animal  (say  120  mm.).  This  may  be  accomplished  simply  by 
forcibly  blowing  into  the  rubber  tube,  clamping  near  the  manometer, 
and  again  filling  the  tube,  or,  the  tube  may  be  connected  by  a  T  piece 
with  a  perfusion  bottle  filled  with  a  magnesium  solution  and  raised  to 
the  desired   level. 

For  recording  the  excursions  of  the  manometer,  the  straight  limb 
bears  a  float,  f.  This  consists  of  a  little  cylinder  of  hard  rubber,  of 
the  shape  and  sl^c  shown  in  the  figure.  It  should  fit  snugly  but  rather  loose- 
ly in  the  tube.  It  bears  a  knitting  needle,  well  centered.  This  again 
passes  through  a  hard  rubber  cap,  c.  At  the  upper  extremity  this  needle 
carries  a  small  flat  piece  of  cork,  to  which  the  writing  style  is  attached. 
This  may  be  of  parchment  paper,  celluloid,  a  needle,  or  a  quill  pen. 
The  writing  point  should  be  bent  toward  the  drum,  A  few  drops  of 
engine  oil  should  be  placed  in  the  tube  of  the  manometer.  The  mer- 
cury must  not  mount  above  the  float.  The  writing  point  is  held 
against  the  drum  by  a  guide,  consisting  of  a  silk  thread,  suspended 
frtim  a  wire,  and  loaded  with  a  lo-gram  weight. 

The  mean-blood  pressure  equals  the  difference  between  the  read- 
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ings  taken  at  the  highest  point  reached  by  the  mercury  in  each  limb  of 
the  manometer.    It  may  also  be  obtained  from  the  tracing  by  doubling 

the  distance  between  the  line  of  zero  pressure  and  the  (racing. 

This  figure  for  the  mean-pressure  Is  only  correct  if  the  excursions 
are  small  or  if  the  systolic  and  diastolic  variations  are  of  equal  dura- 
tion.   If  they  are  not,  the  excursions  may  be  reduced  by  a  screw  clamp 


Fig.  III. —  Arrangenmt    tor   taking 
Manomeier;    hf,   mercury;   f,   float  armed 

keeps  the  writing-point  in  contact  witli  I 
atrong  rubber  lube  connecting  (he  manon 
the  rubber  lube,  which  i*  taken  off  when 


supporting  a  ainall   weight; 
he  amokeif  paper  on  the  dru 

a  tracing  is  to  be  obtained. 


on  the  rubber  tube;  or  the  rnean -pressure  can  be  calculated  from  the 
tracing.  A  series  of  vertical  lines  are  drawn  from  the  abscissa  to  the 
tracing,  at  equal  intervals.  The  mean  length  of  these  equals  one-half 
the  mean -pressure.  This  calculation  is  scarcely  necessary  in  most 
cases  — a  little  judgment  will  enable  one  to  draw  the  line  of  mean- 
pressure  approximately  without  their  aid. 
The  excursions  of  the  manometer  with  each  heartbeat  correspond  to 
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the  pulae-preunre.     (The  excursions  of  one  limb,   as   seen  on  the 
tracing,  must  be  multiplied  by  2.)' 

The  mercury  manometer  gives  only  a  rough  indication  of  this,  the 
results  being  vitiated  by  the  inertia  of  the  mercury.    It  also  gives  a 


Fig.    iia.~Hercury  minometer.     H    natural  aiic 
f,  Kction  of  float,  natural  riic   (Brawn). 

....rcury  in  the  other  limb  is  of  coufst  changed  bv 

The  pressure  corresponds  id  the  diRerence  between  the  two  limbs,  i. 
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very  imperfect  picture  of  the  details  of  the  individual  pulse  waves. 
An  elailic  manometer  {e.  g.,  Huerthle's)  is  necessary  for  their  ac- 
curate study.  (See  Brodie.  Essentials  of  Practical  Physiology.)  The 
mercury  manometer  is  especially  useful  on  account  of  its  simplicity, 
and  for  obtaining  the  mean-pressure.  Very  good  results  are  obtained 
by  taking  simultaneous  tracings  with  both  manometers,  connecting  the 
mercury  with  the  carotid,  and  Huerthle's  with  the  femoral. 

Signal  Magnet. —  This  is  useful  for  marking  the  time  of  injections, 
stimulations,  etc.  The  Harvard  instrument  is  efficient.  The  electro- 
magnet is  connected  with  a  battery  (which  may  be  placed  under  the 
table),  with  the  interposition  of  a  key,  which  is  closed,  whenever  a 
mark  is  to  be  made  on  the  drum.  It  may  be  kept  closed  during  the 
duration  of  the  injection.  The  writing  point  of  the  signal  must  be 
exactly  on  a  vertical  line  with  the  writing  point  of  the  manometer. 

The  signal  may  be  used  to  mark  the  line  of  zero-pressure  on  the 
tracing,  by  adjusting  it  at  the  level  of  the  writing  point  of  the  ma- 
nometer when  the  latter  is  at  zero-pressure  (i.  e.,  with  the  curved  limb 
and  rubber  tube  filled  with  magnesium  suli^ate,  the  rubber  tube  un- 
damped, and  with  its  opening  dipping  into  a  beaker  of  the  solution, 
held  about  the  level  of  the  carotid  artery  of  the  animal). 

It  is  often  useful  to  draw  a  straight  horizontal  line  through  the  trac- 
ing at  the  level  of  the  normal  mean -pressure.  This  may  he  done,  after 
finishing  the  tracing,  by  revolving  the  drum  against  a  writing  point, 
mounted  on   a  glass   rod,  adjusted  at   the  proper  level, 

A   time  tracing   may  also   be  added   by  connecting  another  signal    , 
magnet  electricallv  with  a  metronome  or  clock. 

Technic  of  Blood-pressure  Tracing.— Smoke  the  drums.  (It  is 
well  to  always  keep  an  extra  smoked  cylinder  in  reserve.  The  Har- 
vard cylinders  arc  mterchangeable.)  Set  up  the  manometer  and  signal 
and  see  that  they  are  in  good  working  order.  Adjust  the  signal  at 
zero-pressure.  Raise  the  pressure  in  the  manometer.  Adjust  the 
manometer  to  the  drum  (where  the  paper  is  joined).  Adjust  the 
drum  so  that  the  manometer  writes  about  the  middle.  Adjust  the  guide 
so  that  the  float  will  write  easily.  Adjust  the  signals  on  a  vertical 
line  with  the  manometer  point.  In  the  meantime,  the  dog  may  be 
prepared,  weighed,  anesthetized  (page  8oi).  tracheotomiied  if  desired 
(page  807),  and  a  cannula  inserted  into  the  (carotid)  artery  (page 
808).  Connect  the  artery  with  the  manometer,  avoiding  air  bubbles. 
Remove  the  clamps,  and  the  tracing  may  be  taken.  When  the  tracing 
is  completed,  mark  the  mean  normal  pressureline,  cut  the  paper  from  the 
drum,  write  the  necessary  explanations  (sufficient  to  make  the  tracing 
intelligible  without  referrmg  to  other  notes).    Varnish. 

A  normal  tracing  should  always  be  taken  before  the  drug  is  in- 
jected. Tracings  should  also  be  taken  during  the  injection  and 
whenever  any  interesting  phenomenon  occurs.  It  may  be  advisable  to 
stop  the  drum  between  these  periods,  especially  if  a  fast  speed  is  used 
This  is  not  often  necessary  in  using  the  slow  gear  and  the  10X2.2  cm. 
vane  of  the  Harvard  Kymograph,  the  most  generally  useful  for  phar- 
macologic work.  Only  a  single  round  of  tracings  should  be  taken  on 
each  paper.  (It  is  sometimes  desirable  to  take  both  a  slow  and  a  fast 
tracing  at  the  same  lime,  joining  two  manometers  to  the  same  carotid 
by  a  T  piece  and  using  two  kymographs;  this  is  especially  instructive 
with  digitalis  and  aconite.  The  slow  tracing  is  made  continuous,  whilst 
the  fast  (racing  is  only  taken  at  intervals.) 

If  clotting  occurs  (i.  e.,  if  the  manometer  ceases  to  pulsate,  whilst 
the  heart  can  still  be  felt),  the  artery  and  the  manometer  tube  are 
clamped  and  disconnected.  The  cannula  is  carefully  cleaned  with  a 
feather,  trimmed  so  as  to  leave  a  small  plume  at  the  end.    The  cannula 
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and  the  end  of  the  rubber  tube  are  filled  with  magnesium  solution,  and 
again  connected. 

Accldeiiti  from  the  Magoesiam  Solution.— The  25%  (or  half- 
saturated)  magnesium  sulphaie  solution  has  proven  the  most  satisfac- 
tory in  our  hands  for  the  prevention  of  clotting.  Care  must  be  taken, 
however,  that  il  does  nol  enter  the  heart,  for  it  causes  prompt  paralysis 
of  this  organ.  The  danger  of  this  accident  is  not  great,  unless  too 
high  a  preliminary  pressure  has  been  produced  in  the  manometer.  The 
effects  pass  off  very  quickly,  unless  the  heart  is  slopped  completely. 
Should  this  occur,  it  is  often  possible  to  resuscitate  the  animal  by 
artificial  respiration,  injection  of  normal  salt  solution,  and  cardiac 
massage.  (Magnesium  sulphate  must  never  be  used  to  fill  the  con- 
nection with  the  injection  burrette.) 

Other  Solutioru  Used  to  Prevent  Clotting. —  Half -saturated  sodium 
sulphate,  or  \%  sodium  citrate,  are  not  as  dangerous,  but  they  are  also 
less  efficient.  Hal f-satu rated  sodium  carbonate  is  even  more  dangerous, 
and  is  not  advised. 

Stephen  Hole's  Arrangement. —  This  makes  a  beautiful  demonstra- 
tion. Instead  of  using  a  mercury  manometer,  the  carotid  artery  is 
connected  with  a  tube  8  to  12  feet  high,  formed  of  long  sections  of 
No,  9  glass  tubing,  joined  closely  with  rubber,  and  contaming  a  small 
quantity  of  oil  or  leech  extract. 


Flj.  113, —  OrgiD.key  twllo' 


Reaplratory  Tracing*.— These  are  best  taken  on  a  separate  drum, 

moving  at  the  same  speed  as  that  used  for  recording  the  blood- 
pressure.  The  levers,  etc.  are  adjusted  so  that  the  excursion  of  the 
normal  respiration  has  a  height  oi  Vx  \o  \  inch  on  the  drum.  The 
tracing  should  be  marked  to  show  whether  inspiration  corresponds 
to  the  upstroke  or  downstroke.  Several  methods  will  be  described ; 
none  is  perfectly  satisfactory.  The  tracheal  methods  a  and  6  have  the 
advantage  that  they  are  not  disturbed  by  movements  of  the  animal. 
The  simple  trachea- tambour  method  (a)  is  the  simplest,  and  suffices 
if  it  is  desired  to  obtain  a  record  merely  of  the  rate  and  depth  of 
the  respiration;  but  it  is  highly  inaccurate  when  the  respiratory  excur- 
sions are  slow  or  prolonged.  This  inaccuracy  is  largely  avoided  in 
the  bottle-method  ib);  but  it  introduces  the  possibility  of  asphyxiation 
as  a  complicating  factor.  All  the  other  methods  are  disturbed  by 
movements  of  the  animal.  The  double  tambour  (stethograph)  method 
(f)  suffers  less  from  this,  and  is  perhaps  the  most  generally  useful. 
It  can  also  be  used  in  nonanesthetiied  animals,  if  they  can  be  kept 
sufficiently  quiet.     This  last  is  also  essential  for  all  the  lever  methods. 

Recording  Tambours. —  The  cheapest  form  consists  of  a  home-made 
organ-key  bellows  (Fig.  113),  the  sides  of  very  thin  leather  or  gold- 
beater's skin.  A  3  or  4  cm.  Marev's  tambour  answers  well.  The  i  cm. 
Brodie  bellows  (made  by  C.  F.  Palmer.  6  Upper  Tulso  Hill,  London, 
N.  W.)  is  the  most  delicate.  All  bear  a  straw  and  writing  point  about 
six   inches   long. 
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<a>     Simple     Trachea-Tantboar 

cheal  cannula  is  connected  with  wide 
second  limb  of  the  T  bears  a  short 
rowed  by  a  scfcw-clamp.  The  third 
ing  tambour.  The  screw-clamp  is 
makes  the  desired  excursion.  (In 
may  be  cut  in  the  tubing,  which  cai 
glass-rod  inserted  throu^  the  free  i 
by  modifying  the  arrangement  as  ir 


Method.— Fig.  114.  The  tra- 
tubing  with  a  large  T  piece.    The 

piece  of  tubing  which  can  be  nar- 
limb  is  connected  with  the  record- 
adjusted  so  ibat  the  lever-point 
place  of  the  screw-clamp,  a  hole 

1  be  partly  occluded  by  a  piece  of 

:nd.)     The  anesthetic  can  be  given 

I  Fig  100. 


^ 


Fig.   114. —  Simple  trichti-tambour  nwtliad. 

(b>  Trachea-Bottlc-Tambour  Method.— The  arrangement  is  ex- 
plained by  Fig,  115,  The  bottle  should  be  as  large  as  possible  (a  five- 
gallon  glycerin  can  or  large  jug  answers  admirably).  The  connection 
between  the  trachea  and  bottle  should  be  as  short  and  wide  as  possible. 
The  vent  is  closed  whenever  tracings  are  taken,  and  opened  between 
the  tracings.  The  greatest  care  must  be  used  to  avoid  asphyxia.  It  is 
advisable  to  disconnect  the  bottle  occasionally,  and  blow  air  through 
it  with  bellows. 

(c)  Do«ble  Tambour  (Stetbograph)  Method. —  A  large  tambour 
or  other  elastic  reservoir  is  tied  firmly  to  the  chest  or  abdomen.  Its 
interior  is  connected  to  a  recording  tambour,  with  the  interposition  of 
a  T  piece,  by  means  of  which  the  tambours 
can  be  moderately  distended. 

The  receiving  tambour  may  be  given  variotis 
forms ;  An  efficient  instrument  may  be  made 
by  euttinu  of  the  top  of  a  pound  ether  tin,  a 
centimeter  below  the  rim,  tying  a  rubber  mem- 
brane over  this,  and  closing  the  stopper  open- 
ing with  a  perforated  cork,  bearing  a  glass 
tube. 

The  sleeve  of  the  sphygmanometer  can  be 
wound  about  the  chest  and  connected  with 
the  recording  tambour;  or  a  piece  of  bicycle 
tire  will   answer   the  purpose. 

(d)   Lever  Metbods. — In  these,  the  motion 
is    transmitted    to    an    ordinary    muscle-lever 
(page  798).     This  may  be  done,  (1)  by  taking 
r-.,    ,,.      B— «ir..i„.,  iw,f    a  stitch  through  the  skin  and  tying  the  string 
h.g.  Mj.    H«p.r..,on  bot-   j^  j^^  j^^^^.  ^^^  ^  ^^^j,  incision  may  be  made 

through  the  skin  and  muscle,  on  the  right 
side,  about  the  lower  edge  of  the  diaphragm  1  The  end  of  a  glass  rod 
or  the  bowi  of  a  teaspoon  is  inserted  between  the  liver  and  diaphragm 
and  the  handle  eonnecled  with  the  lever.  (3)  A  knitting  needle  may 
be  thrust  directly  into  the  liver  through  the  skin  (danger  of  hemor- 
rhage!). (4)  A  special  lever  may  be  used,  bearing  a  rod  which  rests 
on  the  chest  and  abdomen.  This  does  not  require  anesthesia.  It  is 
well  adapted  to  obtaining  tracings  of  the  Cheyne-Stokes  respiration  in 
deep  anesthesia. 
The  Volitme  of  Respiration. —  To  measure  this,  the  animal  must 
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be  nude  to  breathe  through  a  valve  which  separates  the  inspired  and 
expired  air,  the  volume  being  estimated  by  a  gas-meter,  or  by  conduct- 
ing the  air  into  a  spirometer  (see  Slewart's  Manual). 

Artificial  Respiration.— This  may  be  maintained  in  intact  animals 
by  alternate  ryhlhmic  pressure  on  the  chest  and  abdomen.  Very  little 
torce  should  be  used.  In  operated  animals  the  artificial  respiration  is 
maintained  through  some  mechanical  apparatus  connected  with  the 
trachear  cannula.  The  simplest  device  consists  in  a  large  bellows 
(15  X  32  inches,  exclusive  of  the  handles).  This  may  be  arranged  for 
foot  power  by  fastening  a  spiral  upholsterer's  "'lounge  spring  No.  2" 
between  the  handles.  The  spout  is  closed  with  a  cork.  An  inch  hole 
is  bored  in  the  top.  This  bears  a  perforated  cork,  from  which  a  tube 
leads  to  the  tracheal  cannula.  A  T  piece  is  inserted  in  the  course 
of  this  tube,  the  free  limb  of  the  T  being  closed  when  the  air  is 
driven  into  the  lungs,  and  opened  when  it  is  expelled.  This  may  be 
done  with  the  finger,  but  it  is  better  to  employ  some  automatic  device. 
The  T  piece  may  be  placed  directly  in  the  cork  of  the  bellows.  The 
free  limb  is  connected  with  a  rubber  tube  which  is  tied  to  the  handle, 
in  such  a  fashion  that  it  is  stepped  on  and  closed  when  the  bellows 
are  compressed  (Fig.  116).  (The  spring  may  also  be  placed  inside 
of  the  bellows,) 


R.  R  Hall  has  perfected  a  simple  valve  for  this  purpose  (Fig,  117)- 
II  consists  of  a  metal  T  piece,  with  a  steel  plunger,  well  fitted  and 
oiled,  which  is  driven  up  by  the  bellows  and  falls  back  in  expira* 
tion.  The  excursions  are  controlled  by  short  pieces  of  rubber  tubing, 
inserted  in  the  brass. 

In  an  emergency,  the  operator  can  inflate  the  lungs  by  blowing  into 
the  tracheal   tube. 

Artificial  respiration  should  be  performed  at  about  the  rate  of  the 
operator's  own  breathing. 

The  anesthetic  may  be  continued  during  the  artificial  respiration  by 
blowing  the  air  through  the  Woulfs  bottle,  shown  in  Fig.  100  (taking 
care  10  have  the  level  of  the  anesthetic  so  low  that  it  cannot  be 
projected  into  the  tube).  This  requires  considerable  watching,  so  (bat 
it  is  better  to  employ  the  Grehant  anesthesia,  if  the  experiment  involves 
proloneed    artificial    respiration. 

Cardiac  maioageis  described  in  Exercise  58.  No.  7. 

Oncometers. —  These  are  instruments  for  observing  and  measuring 
ehanges  in  the  volume  of  organs.  See  descritttion  in  Stewart's  Man- 
ual, or  Practical  Physiology,  Bcddard.  or  Brodle's  Experimental  Phys- 
'•''ogy,  etc.  They  can  be  obtained,  for  instance,  from  Palmer  (see  page 
7S4).     tn   working  with   excised   organs,  a   simple  apparatus  will   suf- 
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fice.  This  may  consist  of  a  conveniently-shaped  tin  box,  which  has 
two  openings,  one  for  the  vessels  of  the  organ,  another  for  the  tube 
of  the  recording  apparatus.  This  consists  of  an  elongated  thin  rubber 
bag  (such  as  is  used  in  toy-balloons),  connected  with  a  water  ma- 
nometer. The  bag  is  filled  with  water,  connected  wish  the  manometer, 
and  folded  about  the  organ  within  the  box.  When  the  latter  is  closed, 
any  change  in  the  volume  of  the  organ  is  communicated  through  the 
bag  lo  the  manomeier.  It  may  be  recorded  by  connecting  the  free  limb 
of  the  manometer  with  a  Brodie  Bellows.  (For  description  of  onco- 
meters, see  Roy,  Sehaefer,  Edmunds.) 
Circulation  Tltne. —  See  Stewart's  Manual.  ' 

Vein  PreiMtre. —  This  lateral  pressure  in  the  inferior  cava  is 
measured  by  connecting  the  cen- 
tral end  of  the  femoral  vein  with 
a  manometer,  shaped  like  the 
mercury  manometer,  but  filled 
with  water.  A  little  water  should 
be  added  from  time  to  time,  to 
make  sure  that  the   vein  is   not 

J  by  a  clot.    A  tracing  can 

:  obtained  by  filling  the  mano- 
meter with  half- saturated  magne- 
sium     sulphate      and     connecting 

with    a     Brodie     Bellows.    With 

^  some    care,    a    cork    or    hollow 

aluminum  float  and  aluminum 
tea-  style  can  be  fitted  directly  to  the 
"^"^^    manometer. 

Vein  Flow.—  The  blood  of  the 
animal  must  be  detibrinaled.  An 
outflow  tube  is  then  introduced 
into  the  vein,  terminally  or  by  a 
T  piece.  The  outflow  is  meas- 
ured or  counted;  it  may  also  be 
estimated  by  the  rate  of  rise  of  a 
tambour  (Barcroft  and  Brodie, 
IQOS). 
Drop-M«rker.— This  serves  to 

II  register    the     rate    of    dropping 

I  (from    ureter,    vein,    etc.)     on    a 

X    1  drum.     An   efficient   form   is   con- 

„  „  structed  from  a  muscle  lever,  as 

HeUe-rs.  j„  pj^    (,8,     jhe  outflow  tube  is 

Fig.  117.— H»ir.  rtipirttion -nlTS.     Ntt-   placed    at    least    a    foot    Over    the 
""'  *'"■  little  mica  slide. 

Myocardiogratns.— These  are  taken  with  muscle- levers.  The  most 
convenient  method  consists  in  thrusting  a  knitting  needle  through  the 
left  thorax,  a  little  above  the  apex  beat,  directly  into  the  heart  This 
causes  practically  no  disturbance  in  the  circulation.  Another  knitting 
needle  is  lied  securely  to  the  long  limb  of  a  muscle-lever.  The  two 
needles  are  connected  by  a  siring.  Raising  the  string  on  the  heart 
needle,  or  lowering  it  on  the  lever  needle,  will  increase  the  excursions. 
The  best  results  are  obtained  by  adjusting  the  string  in  the  direction 
of  the  movement  of  the  heart  needle. 
Tracings  from  the  exposed  heart  are  obtained  by  hooking  a  bent 

Sin  into  the  apex,  and  connecting  with  the  lever  (Fig.  I19).  The 
eart  is  exposed  as  on  page  809;  the  pericardium  is  opened  and  stitched 
to  the  side  of  the  chest,  forming  a  little  hammock  in  which  the  hear! 
lies.    The  animal  should  be  curartied. 
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M«theda  »f  isolatinc  the  heart  are  described  in  Exercises  48  and 
74  to  76. 

Perfnslon  Af^unitus  for  Excised  Organs.— The  most  convenient 
method,  all  things  considered,  consists  in  raising  ihe  reservoir  itself 
to  the  desired  level  —  i  to  iJ4  meters  above  the  organ.    If  the  perfu- 


wbich  write*  on  die 


sion  is  to  be  made  at  room^lemfieralure,  so-called  mercury  bulbs,  of 
the  form  shown  in  Fig  102,  or  "  Aspirator  "  bottles  (having  an  opening 
near  the  bottom)  are  most  convenient.  They  have  a  capacity  of  !4  to 
2  Liters.  If  a  constant  pressure  is  desired,  the  upper  opening  is 
closed  with  a  Mariotte  stopper,  a  perforated  stopper,  Wring  a  glass 


tube  which  dips  to  near  the  bottom  of  the  bulb.  A  tube,  consisting  of 
alternating  sections  of  rubber  and  glass  and  bearing  a  pinch-cock, 
passes  to  the  organ,  which  is  conveniently  arranged  on  a  little  bench. 
A  T  piece  is  inserted  between  the  tube  and  the  cannula.  The  free 
limb  of  the  T  is  clamped.  It  serves  for  removing  air,  or  for  connect- 
ing a  second  reservoir,  if  the  solution  is  to  be  changed   (Sollmann, 
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1905).  To  prevent  drying,  the  organ  may  be  covered  with  t  Sap 
of  muscle  and  skin,  cut  from  the  abdominal  wall  of  the  dead  animiL 

If  itiarm  Huid  is  to  be  used,  a  large  bottle  with  siphon  is  axi  t> 
reservoir,  and  placed  in  a  water  bath  at  the  desired  temperature,  TV 
bulb  of  a  themiameter  is  fixed  in  the  T,  The  organs  are  suppctn! 
by  cotton,  or  laid  in  a  bath  of  want)  oil,  or  suspended,  in  a  bot-«aK: 
funnel  (such  as  is  used  for  Altering  gelatin).  This  allows  good 
drainage. 

Preparation  of  the  Organ  lor  Perf uaion.— The  animal  is  laaaHi 
bled.     (If  the  perfusion  is  to  be  made  with  diluted  blood,  a  liter  ct 
twoof  Locke's  Solution  (see  Index)  is  run  into  the   femoral  vem  and  tb-- 
animal  is  again  bled.)     The  bloods  are  detibrinated  by  whipping,  strainK 
through  cloth,  and  poured  into  the  reservoir.    The  organ  is  exposed,  i    . 
cannula  is  tied  in  its  artery,  and  connected  with  the  reservoir.    The  »w- 
sels  are  well  flushed   (to  prevent  clotting).     The  vein  cannula  is  vn    I 
tied  in.     All  other  vessels  arc  tied  and  the  organ  is  removed.    Toamii    j 
drying,  it  may  be  covered   with  a  muscle-skin  flap   from  the  abdaan 
of  the  dead  animal. 

Taking:  the  Temperature  of  Animals. —  This  is  generally  takn  a 
the  rectum.  In  working  with  small  animals,  the  bulb  of  the  ther- 
mometer should  be  warmed  in  the  hand,  and  oiled,  before  it  is  insened 
The  thermometer  should  always  be  pushed  in  for  the  same  distaooe. 
which  may  be  marked  on  the  stem.  The  mercury  must  be  con^eteh 
covered. 

Collection  of  Excreta. —  Catheterization  requires  coDsidttibk 
practice  in  dogs,  and  in  female  rabbits ;  it  is  very  easy  in  male  raUiD 
A  No.  S  bone-tipped  gum  male  catheter  is  used.  The  urine  of  ralbit' 
may  be  collected  by  expression:  The  animal  is  grasped  fimily  in  ibf 
left  hand,  so  as  to  push  the  abdominal  organs  toward  the  pelvis,  abe: 
moderate  pressure  with  the  right  hand,  over  the  bladder,  usually  ac- 
complishes the  desired  result.  The  urine  and  feces  may  also  be  tol 
lected  by  placing  the  animals  in  suitable  "  Metabolism   cages." 

Diabetes  Puncture  and  Heat  Puncture.—  See  Stewan's  Manu. 
or  Practical  Physiology,  Beddard,  etc. 

Peri italais.— The  movements  of  the  intestine  may  be  watdid  in 
situ,  or  after  excision ;  pieces  of  the  intestine  being  laid  or  susptodfo 
in  oxygenated  Locke's  fluid,  with  or  without  the  addition  of  defibrinalni 
blood  (see  Exercise  46).  Tracings  may  be  obtained  by  attaching  ifcf 
excised  pieces  to  muscle-levers,  keeping  them  immersed  in  ihe  iW 
Further  details  are  given  in  the  papers  of  Magnus  (Pfliiger's  .^^clllv, 
vol.  108,  p.  I,  1905). 

The  movements  of  the  intestinal  contents  can  be  obser\-ed  in  inl*'^ 
animals  by  Canon's  method,  mixing  some  bismuth  with  the  food  anJ 
observing  with  the  fluoroscope. 

V.  DRUGS  COMMONLY  USED  IN  EXPERIMENTAt 
TECHNIC. 

The  proper  doses  are  found  in  the  Dose  Tables,  Chapter  XXXIX. 
Anestlietics :     Sec  page  801. 
Apocodein:     Paralysis  of  endings. 
Apomorphin :     Emetic. 

Atropin:    Paralysis  of  endings  of  vagus  and  sympathetic. 
Barium  Chlorid:     Stimulation  of  smooth  muscle. 
Cocain ;    Local  paralysis  of  nerves. 
Curare:     Paralysis    of  endings   of   striped    muscle : 
(Remember  that  sensation  is  not  abolished!) 
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Diuresis:    CafFein,  Theobromin,  Normal  Saline,  Matthew's  Solution. 
Fever:    See  Exercise  36. 
Fluorid   of   Sodium:     Protoplasmic   poison. 
Glycosuria :     See   Elxercise  34. 

Leech  Ejilract  or   Peptone :     To  render  Wood  non-coaguiable. 
Morphin:     To  prevent   vomiting;   anesthesia. 
Muscarin:    Stimulation  of  endings  (antagonist  to  atropin). 
Nephritis:    See  Exercise  33. 
Nicolin :    Paralysis  of  ganglia. 
Nitrite  (Amyl) :    Fall  of  blood -pressure. 
Pilocarpin:    Stimulation  of  endings,  particularly  glands. 
Strychnin:    Convulsions. 

Suprarenal:     Stimulation  of  sympathetic  endings;  particularly  vaso- 
constriction, rise  of  blood -pressure. 

PERFUSING  SOLUTIONS. 

These  solutions  are  practically  indifferent  to  the  tissues  for  which 
they  are  used. 

The  following  are  the  more  important: 

Normal    Saline    Solution.— Sodium    chlorid    solutions,    containing 
0-75%   for   frogs,  0.9%   for  mammals. 

Ringer's  Solution   (for  frogs)  consists  of: 

NaCl  0.7%:  — KCI  ao3%;'— CaQ,  0.026%   (crystals). 

It  is  convenient  to  keep  a  stock  solution  of  20  times  this  strength  on 

Naa'  14  Cm.;— KQ  0.6  Cm.;  — CaCI.  0.52  Gm.  (crystals)  ;  — Water 
to  100  c.  c. 
Add  s  c.  e.  to  95  c.  c.  of  distilled  water.  v 

Locke's  solution   (for  mammals)  consists  of: 
CaOt        0.024%  (crysuls) 
KO  0.042% 

NaHCO.  0.03% 
NaQ  0.9% 
Dextrose  0.1% 

Stock  lolulions: 
A:    NaHCO.  30  Cm.      B:    NaO         90  Gm.      C:    CaO.  2,4 

KCI  4-2    ■'  Water  to  1,000  c.c.  Water     toiooc.c. 

Water     to  100  c.c. 

D:     Dextrose:   I   Gm.   packages. 
For  use,  add  10  c.  c.  of  A  and  100  c.  c.  of  B  to  900  c.  c.  of  water. 
Shake,    Add  10  c.  c.  of  C  and  a  gram  package  of  dextrose.    A  stream 
of  oxreen  is  kept  bubbling  through  the  liquid. 

Ringer-Locke  Solution    (for  mammals)   is  Locke's  solution  with 
the  omission  of  the  dextrose. 

Ringer-Langendorfl  Solution  (for  mammals)  consists  of: 
NaCI  0.8%:  — CaCI.  0.01%;  — KCI  0,0075%;  — NaHCO,  0,01%. 
S.  A.  Matthews'  solution  for  diuresis  (mammals)  : 
NaCl      3.67  Na,SO.      lo.i  NaCitrate     3,36  CaCI.    0.136 

Water  to  1,000. 
Solutions  of  Salts  riving  the  same  freezing  point  as  1%  Sodium 
Chlorid    (1  Gm.  of  NaQ  added  to  100  c.c.  of  distilled  water;  A  = 
0.589:  molecular  concentration — 0,316). 
All  the  salts  are  to  be  weigiied  in  grams  and  made  up  to  I  Liter 

'  0,01%  gives  a  more  rapid  rate  of  tbe  bttrt. 
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with  distilled  water.  Ther  should  first  be  dried  to  constant  weij^t 
at  110°  C,  unless  otherwbe  stated.  They  must  always  be  controlled 
by  actual  freezing  point  determination  (see  Exercise  33). 

Deduced  by  Analogy: 

NH.C1   9.13 

NaBr  17^6 

Nal  25.4a 

NaCNS   14.24 

NaP 7.31 


BaCl.  35.63 

CaCli  16.33 

HCl    ioc.c.  =  i5.8c.c. 
n/»  NaOH 

LiCl    7.26 

MgO.  21.15 

NaAcetate  12.7S 

NaHCO. 9.66 

(Do  not  dry) 

NaOO,  .^ 17.95 

NaOtrate   27  37 

(47-33  to  75.73 

NaNS"...' 15.35 

NaOxatate    23.0 

NaiHPO.   21,0 

Na=SO.    21.0 

(4773  crysails) 


Alcohol   14.50 

plus  I  Liter 
Cane  Sugar...  .108.81 

plus  1  Liter 
Glucose   56.74 

plus  I  Liter 
Urea  i8.<>4 

plus  I  Liter 

MgSO. 3S-37 

Na,COi   14.54 

NaOH  7X» 


CHAPTER  XXXV. 


CHEMIC  EXERCISES. 

Introductory  Remarka.—  Before  beginning  on  the  laboratory  worfc 
the  student  should  check  the  contents  of  his  locker  and  familiarize 
himself  with  the  reagents  on  the  shelves  (see  Tables  XVII  to  XXII, 
pages  780  to  784).  These  are  arranged  alphabetically.  Remember  that 
they  are  to  be  replaced  in  their  proper  position  as  soon  as  used.  The 
student  should  supply  himself  with  towel,  soap,  matches,  scratch-pad, 
and  dissecting  instruments.    He  should  keep  his  working-place  clean 

The  experiments,  explanatory  remarks,  and  references  should  be 
assigned  and  read  before  coming  to  the  class.  Cross-references  to 
other  experiments  {'e.  g.,  "Consult  Exercise  so  and  so")  mean  that 
these  experiments  are  to  be  read,  but  not  to  be  performed,  at  this 
time.  The  references  to  the  chapters  of  the  text-book  may  be  neglected 
1^  the  student.  The  student  should  reflect  on  the  object  and  concln- 
sions  of  the  experiment  whilst  it  is  in  ^trogress.  He  should  take  ac- 
count of  all  the  experiments  performed  in  the  course,  including  those 
shown  as  demonstrations  or  assigned  to  other  members  of  the  dass. 
Two  students  may  collaborate  in  the  chemic  experiments. 

If  an  experiment  is  unsuccessful,  it  should  be  repeated  In  the 
event  of  a  second  failure,  the  student  should  call  on  the  demonstrator 
for  help.    Every  unvsval  or  atypical  result  should  he  reported. 

Additional  apparatus  is  furnished  on  written  requisition.  The  spe- 
cial material  needed  for  each  experiment  is  noted  at  tiie  bottom  of 
each  page  {S.M.). 
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Qeneral  Remarks  on  NotoTaklng.— The  results  of  the  experi- 
ments should  be  entered  brieflj'  in  a  special  note-book.  The  method 
should  be  indicated  sufficiently  to  make  the  notes  understandable. 
Tracings  should  also  be  inserted,  either  the  original,  or  copies  taken 
free  hand,  with  tracing-paper,  or  blue  prints.'  Unnecessary  detail  is 
to  be  avoided.  It  is  all  but  impossible  to  enter  these  results  neatly  at 
the  work-table  or  in  the  conference;  it  is  therefore  better  to  jot  down 
the  notes  on  scratch-pa^r,  and  to  transfer  them  to  the  note-book 
when  the  practical  work  is  completed.  The  results  should  be  followed 
by  a  brief  statement  of  the  conclusions  which  may  be  drawn  from  the 
experiment  These  should  only  bear  on  principles,  not  on  details. 
They  should  go  no  farther  than  the  data  of  the  experiment  warrant. 
With  the  animal  experiments,  it  is  better  to  wait  with  the  drafting  of 
the  conclusions  until  the  results  of  the  entire  class  have  been  collected 
and  discussed. 

Specific  modifications  of  these  general  directions  are  mentioned  in  in- 
dividual experiments. 

As  the  work  on  each  drug  is  completed,  : 
should  be  entered  in  Chapter  XXXVIII,  as  ir 
Exercises  (see  for  instance  Exercise  24,  p.  Sbi). 

EXERCISE   I.— PHARMACOGNOSY.'— GROSS   ANATOMY   OF 

VEGETABLE  DRUGS. 

To  precede  Chapter  I.     CNo  notes  required.) 

Conference  and  demonstration  of  dried  parts  of  plants  to  illustrate: 

Roots    (Belladonna,    Sarsaparitla,    Phytolacca,    Ginseng)  ;    Rhiiomei 

(Podophyllum,    Calamus,   Aspidium)  ;    tuber    (Aconite,   jalap)  ;    Bulb 

(Squills) ;    Herb    (Peppermint) ;    Cortex    (Cinchona,    Wild    Cherry) ; 

Leaves  (Senna,  Digitalis);  Flowers   (Rose,  Cloves);  Fruits   (Fennel, 

Cubeb,     Cardamom     Colocynth) ;     Seed     (Flaxseed) ;     Excrescence 

(Nutgall) ;  Exudations  (Opium,  Aloes,  Asafetida,  Acacia,  Copaiba). 

EXERCISE  2.—  PHARMACOGNOSY,  CONTINUED.—  PLANT 
HISTOLOGY. 

Study  in  connection  with  Chapter  I.  The  student  should  make 
drawings  of  the  sections,  if  time  permits  (optional).  No  other  notes 
are  required. 

Demonstration  of  sections  showing: 

Calcium  oxalate  crystals  (Rhubarb,  Squills,  and  Solomon's  Seal); 
Starches  (Wheat,  rye,  potato,  corn,  rice,  oats,  ginger  —  shows  also 
resin  cells, —  aconite);  Aleuron  erains  (Castor  bean):  Spiral  vessels 
(L.  S,'  Podophyllum);  Dolled  vessels  (I.S.  and  T.  S.  Glycyrrhiia)  ; 
Pitted  wood  cells  (L.  S.  Pine  wood);  Stone  cells  (T.  S.  Cascara  Sa- 
grada);  Parenchyma  cells  (T.  S.  Cypripedium)  ;  Bast  cells  (Cinchona, 
Cascara  Sagrada,  and  Sassafras  bark)  ;  Fibro  vascular  bundles  and 
epidermis  (T.  S.  Podophyllum);  Cork  cells  (T.  S.  Common  cork); 
Slomata  (Leaf  epidermis) ;  Hairs  (Mullein  leaf.  T.  S.  Sarsaparilla 
root);  Resin  cells  (T.  S.  Calamus);  Oil  spaces  (T.  S.  Qove)  :  Resin 
duct  (L.  S.  Tamarack);  Pollen  (Pine);  Spores  (Lycopodium). 

■For  more  comprehenuve  work   on    PlunnacognosT.    ExerciM*   I   to   HI,  M 

H»lcher  ft  Sollnnno,  TeiMwot  of  Mate ~        '        "    " 

■L.  S.=  [ongltudinal  Mclioo;   T.   S.- 

S.  M..  F.I.   1:     Sncdmcns. 

S.   M.,    Ex.    1:     Mounli,    Microuop 
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EXERCISE  3.— PHARMACOGNOSY,  CON 1 1 NUED.— GENERAL 

REACTIONS  OF  PLANT  CONSTITUENTS. 

Study  in  connection  with  Chapter  I. 

(It  is  assumed  that  the  student  is  familiar  with  the  characters  of 

glucose,    cane-sugar,    starch,  proteids,   and    fats.    Should    this   not   be 

the  ease,  they  should  be  studied  before  the  following  experiments  are 

made.)     Two  students  may  work  together,  if  desired.    Make  notes  on 

the   results. 

1.  Alkaloids.' — I.  Alkalinity.— Place  a  drop  of  1%  nicotin  on  red 
litmus  paper:  blue  color. 

2.  Precipilalion  Readions.—  Place  on  slides  a  few  drops  of  t  ;  1,000 
acidulated  quinin  sulphate  solution,  mix  with  a  drop  of  the  following, 
and  note  the  amorphous  precipitates : 

(b)  lodin  in  KI  =  White. 
(o)  Mercuric  Potassium  lodid  =  Reddish. 

(c)  Picric  Add  =  Yellow, 
(rf)  Tannin  (1%)  =  Gray, 
(f )  Phosphotungstic  Acid '        =  White. 

3.  Solubility  Characleri  of  Alkaloids  and  their  Salts.—  In  a  test-tube 
make  about  5  c.  c.  of  an  acidulated  1  :  XfXO  solution  of  quinin  sulphate 
distinctly  alkaline  by  NaOH  solution:  a  precipitate  of  free  alkaloid  is 
thrown  down  (free  alkaloids  are  generally  insoluble  in  water,  whilst 
their  salts  are  soluble).  Add  about  10  c.  c.  of  ether  and  shake  with 
a  gentle  rotatory  motion.  Draw  off  the  ethereal  solution  from  the  top 
with  a  pipette,  and  again  shake  the  watery  solution  with  5  c.  c.  of  ether. 
Again  draw  off  the  ether.  Acidulate  some  of  the  remaining  watery 
solution  and  test  it  with  mercuric  polassic  iodid.  observing  that  there  is 
no  or  very  little  precipitate  (the  free  alkaloid  being  completely  ex- 
tracted by  the  ether).  Shake  the  ethereal  solution  with  some  dilute 
sulphuric  acid.  Draw  off  a  little  of  the  acid  solution  from  the  bottom, 
and  test  with  mercuric  potassie  iodid:  a  precipitate  occurs.  (The  acid 
converted  the  quinin  into  the  sulphate,  which  is  soluble  in  water,  and 
insoluble   in  ether.} 

4.  Lassaigne's  Test  for  Nitrogen. —  Place  a  knife-pointful  of  dry 
qumin  sulphate  in  a  dry  test-tube.  Take  a  piece  of  metallic  Na.  size 
of  small  pea,  dry  with  blotling-papet,  and  add  to  quinin.  Heat  red  hot 
and  plunge  into  beaker  with  a  little  water.  Filter.  Add  a  few  drops 
FeSO^  Let  stand  tive  minutes.  Acidulate  with  cone.  HCl  and  heat: 
Greenish  or  blue  color  or  precipitate  of  Prussian   Blue. 

Note  the  peculiar  odor  of  qumolin  (compare  with  bottle  on  desk), 
a  decomposition  product  of  quinin. 

5.  Microchemic  Reactions.' —  Alkaloidal  precipitates  often  present  a 
crystalline  character,  which  may  be  useful  in  their  identification.  This 
is  illustrated  by  the  following  examples.  (Mix  the  solutions  on  a  slide. 
and  examine  from  lime  to  lime  with  low-power  microscope,  until 
typical  crystals  are  seen.     Make  drawings.) 

(a)  s  drops  of  2%  Morphin  Sulphate  and  one  drop  10%  NH.OH : 
rapid  formation  of  needles.  (Rub  with  a  glass  rod.  if 
necessary). 

<  Similar  rfactiona  are  girni  by  olhcr  organic  baKi.  e.  g,.  prridin  and  qnin- 
olin  (kc  lir^t  cditiQn.  naxe  769). 

'  Phosphoh,ng,i;c  ^tfd:    A  10%  wluKon  in  4%  HCi. 
■These    riadiom   mav    ht   dcmoiDtrsled. 
S.  M.—  Waicrbaih,   slide*,   and  covers. 
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(b)  5  drops  of  '/»%  Njcotin  and  excess  of  picric  acid:  at  first  a 
line  precipitate;  later  stellate  crystals. 

(e)  Substitute  1%  Atrophin  Sulphate  for  Nicolin  in  (fe)  :  feathery 
crystals  and  stellate  groups. 

(if)  1%  Strychnin  Sulphate  and  potasslc  bichromate  sol.;  fine  ro- 
settes of  needles  at  once. 

II.  Qlucoiids. —  (These  yield  glucose  as  one  of  their  decomposition 
products.    Salicin  is  an  example.) 

6.  Test  a  little  fresh  1%  solution  of  Salicin  for  sugar  by  Trommer's 
Test :  negative. 

7.  Decomposition  by  Acids. —  To  another  portion  of  the  solution  add 
Ji  volume  of  5%  sulphuric  acid;  boil  in  water  bath  for  ro  minutes; 
make  alkaline  with  NaOH,  and  apply  Trommer's:  positive. 

8.  Decomposition  by  Ferments. —  To  another  portion  of  the  solution 
add  some  saliva  and  heat  in  water  bath  at  40°  C.  for  half  hour;  test 
for  sugar :   positive. 

9.  Note  difference  in  sweetness  of  alkaline  and  acidulated  fluid- 
extract  of  Licorice.  (The  sweet  glucosid,  glycyrrhizin,  is  precipitated 
by  acids.) 

III.  Saponins.* — 

10.  Foaming. —  Shake  a  few  drops  of  a  tincture  of  soap-bark  (which 
is  rich  in  saponin)  with  a  little  water:  considerable  foam  is  produced, 
which  subsides  slowly. 

11.  EmulsiHcation. —  Add  25  drops  of  the  soap-bark  tincture  to  about 
an  inch  of  cotton-seed  oil.  Shake.  Add  an  inch  of  water  and  shake : 
a  smooth  mixture  (emulsion)  is  formed.    Add  alcohol:  the  emulsion 

la.  Sapotoxins  lake  blood  (consult  Experiment  ixh), 

IV.  Anthraqulnon    Derivative*. —  (Cathartic    Emodin    Principles). 

13.  To  an  infusion  of  rhubarb  add  a  few  drops  of  NaOH :  red  color. 

V.  Tannine— 

14.  Tannic  Acid.—  (Dissolve  a  little  tannin  in  hot  water  or  use  the 
1%   solution). 

(fl)  Add  drop  of  Fe,a. :  green -blue-black  color.  Dilute  until  it 
is  transparent.  Add  a  few  drops  of  NaOH :  garnet  color. 
Add  cautiously  an  excess  of  HjSO.  :  green ish -red ;  with 
more,  green  ish -ye  I  low. 

(b)  Add  some  Pb(CiHiOj)>:  lafge  white  precipitate.    Add  NaOH 

and    shake :    pink. 

(c)  Add  some  NaOH:  reddish-brown  color. 

(rf)  Observe  that  tannin  precipitates  alkaloids  {e.  g.,  quinin)  ;  pro- 
teids   (eg^-white  solution)  ;  and  gelatin. 

(e)  Add  a  drop  of  Fe,Cl,  to  a  little  infusion  of  Cinchona  (green- 
ish color).  The  tannins  occurring  naturally  in  plants  give 
a  greenish  color  with  iron ;  tannins  occurring  in  pathologic 
formations    (nutgalls)   give  a  bluish  color. 

15.  Gallic  Acid.— To  a  1%  solution  of  gallic  acid  add  a  few  drops 
of  1%  KCN:  a  red  color  appears,  which  soon  fades,  but  reappears 
on  shaking  (Young's  test).    Pure  tannic  acid  does  not  give  this  reac- 

VI.  Qntna.—  (Use  a  10%  solution  of  Acacia.) 

16.  (j)  Inversion  by  Acids.— Test  for  sugar:  negative.  Add  }i  vol, 
of  5%  sulphuric  acid,  and  boil  for  10  minutes  in  water  hath.  Make 
alkaline  with  NaOH.  and  test  for  sugar:  positive.  This  lest  is  given  in 
common  by  gums,  starch,  glucosids,  and  other  carbohydrates. 

(6)  Add  some  alcohol:  precipitate  (difference  from  glucosids),  Bo- 
rax  also  causes  precipitation. 

'For  ■  specific  color  reaclion,  ■«  first  edition,  p,  7?i,  No.  3?. 
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{c)  Add  a  few  drops  of  iodm  solution:  no  blue  color  (difference 
from  starch). 

VII.  Retina.— (Use  commercial  rosin.) 

17.  Solubility.— tiote  that  this  is  soluble  in  alcohol,  but  is  precipi- 
tated from  this  solution  by  adding  water.  It  is  also  soluble  in  ether. 
turpentine,  oil,  and  boiling  sodium  hydrate  solution,  but  insoluble  in 
gasolin. 

VIII.  VoUtile  OHi.—  (Use  spirits  of  turpentine.) 

18.  (a)  Solubilily.—  Note  that  this  mixes  with  alcohol,  ether,  gasolin, 
and  cotton-seed  oil,  but  not  with  water. 

(b)  Note  that  it  makes  a  greasy  stain  on  paper,  but  that  this  stain 
disappears  in  time,  especially  on  heating. 

IX.  Coloring  Matter 

ig.  Chlorophyll.— 

(o)  Note  the  green  color  of  a  fresh  tincture  of  lettuce  leaves.' 

(b)  Add  some  dilute  HO:  yellow  color. 

ic)  To  another  portion  add  some  NaOHi  the  color  becomes  an 
old  gold-green.     (Chlorophyll  has  a  characteristic  spectrum, 
in   which  the  above  .reagents  produce  definite  changes ;   see 
Hatcher  and  SoUmann;   Materia   Medica.) 
30.  Curcuma    (.Turmeric). — 

(a)  To  some  of  the  1%  tincture  add  a  drop  of  NaOH  (reddish- 

brown  color)  ;  then  an  excess  of  dilute  HCI ;  yellow  color 
is  restored. 

(b)  Dip   some   paper   which   has   been   dyed   with   curcuma    (Tur- 

meric Paper)  into  5%  boric  acid:  orange  color.  Touch  it 
at  one  place  with  dilute  HCI  and  dry:  deeper  red.  Moisten 
with  ammonia:  deep  blue.  (This  serves  also  as  a  test  for 
boric    acid. ) 

21.  Cochineal.—  TntuTAtt  a  single  insect  with  about  10  c.  c  of  water; 
notice  the  tint;  add  20  drops  of  ammonia:  the  color  deepens.  Filter; 
add  excess  of  dilute  HCI;  the  color  becomes  lighter  and  there  Is  a 
precipitate  of  carmin :  add  excess  of  ammonia :  the  carmin  redissolves 
and  the  color  deepens  again. 

22.  Cudbear. —  Add  S  drops  of  Tr.  Persionis  to  about  5  C.c.  of 
water ;  add  a  few  drops  of  dilute  HCI :  note  the  change  of  color 
(lighter  tint)  i  add  excess  of  NaOH:  bluish  violet  color. 

Note. —  The  origin  of  red  colors  may  be  discovered  by  the  addition 
of  NaOH ;  this  causes  a  change  to  green  if  the  pigment  is  that  of 
fruits;  to  blue  or  purple,  if  it  is  of  other  vegetable  origiin.  Anilin  dyes 
are  not  changed.    For  other  tesis,  see  La  Wall,  igos. 

Oftional.—  Study  a  series  of  starches  with  the  high  power  of  the 
microscope,  and  make  drawings  (see  Fig.  I,  T.  B,). 

Conclusions. —  From  your  own  experimental  results,  formulate  def- 
initions for :  Alkaloid ;  Glucosid ;  Saponin ;  Tannin ;  Gum ;  Resin ; 
Volatile  Oil. 

EXERCISE  4— METROLOGY. 

To  precede  Chapter  TI. 

Conference  and  Demonstration  of:  Decimeter  cube,  meter,  types 
of  balances,  sets  of  metric  and  apothecary  weights,  conic  and  cyliriiiric 
graduates  (metric  and  wine)  ;  measuring  flask,  pipettes,  burettes,  pic- 
nometer,  areometer,  thermometers,  method  of  taking  specific  gravity 
of  solids:  methods  of  measuring  and  weighing. 

No  notes  required.    Work  out  some  examples  in  metrology. 

'  Sotnf  fr«h  lettuce  it  braised  in  *  morttr  witli  und,  tfitanted  with  alcebat, 
■ad  filtered. 

S.  M.,  Ex.  4:     Apparitiu  for  denonflrBtlon. 
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EXEROSE  5.— PHARMACEUTIC  METHODS. 

To  precede   Chapter  III. 

Conference  and  demonstration  of:    Mortars;   desiccators;  different 

forms   of   baths   and   ovens;   of   stills;   percolation;    use   of   aeparatory 


EXERCISE  6— PHARMACEUTIC   MANUFACTURING.' 

Study  in  connection  with  Chapter  IV. 
Manufacture  of  the  following  preparations  (U.S.  P.  or  N.  F.): 
Aqua  Menthi  Pip. ;  Aq.  Chlorof. ;  Liq.  Chlori  Comp. ;  Ljq.  Pot 
Arsen. ;  Liq,  Calcis ;  Liq.  Ammon.  Acet. ;  Liq.  Magnes,  Citr. ;  Liq. 
Plumbi  Subac. ;  Liq.  Fern  Chlor, ;  Dobell's  Solu. ;  Muc.  Acacix ;  Spir. 
Camph. ;  Sp.  Ammon.  Arom. ;  Sp.  Menth.  Pip. ;  Glyc.  Boro  ^lyc. ;  Pyrox- 
olon ;  Collodion ;  Coll.  Flex. ;  Infusum  Sennse  Co. ;  Inf.  Digit- ;  Decoct 
Cetrar, ;  Tinctura  Digij. ;  Tr.  Opii ;  Tr.  Ferri  Chlor. ;  Tr.  Opii  Camph. ; 
Acetwn  Scillse;  Fluidext.  Aconiti;  Ext.  Ergotae;  Syrupus  Prunis  Virg.; 
Syr.  Ferri  lod. ;  Syr.  Ac.  Ciir. ;  Elixir  Arom. ;  Oleoresina  Capsici ; 
Mist  CretK  Co.;  Lotio  Niftra;  Lot,  Flava;  Lot.  Plumbi  et  Opii; 
Emuls.  01.  Morrhua;  Em.  Chloroform!;  Em.  Asaftctidi;  Sapo  Mol- 
lis; Linira.  Saponjs;  Lin.  Calcis;  Lin.  Terebinth;  Lin.  Ammonia;  Pulv. 
Efferv.  Co.;  Pulv,  Glycyrrh,  Co.;  Caff.  Citr.  Efferv.;  Pit.  Hydrarg.; 
Massa  Ferri  Carb. ;  Gelatin,  sufiar,  and  chocolate- coated  pills;  Supp. 
Ac.  Tann. ;  Unguentum;  Ung.  Zinci  Oxid;  Unr.  Aqux  Rosse;  Cera- 
tum :  Empl.  Plumbi ;  Emp\.  Adhesinum ;  EmpK  Belladonnse ;  Resina 
Podophyl;  Ac.  Boric;  Sod.  Citr.;  Lac.  Sulphur. 

EXEROSE  7— DISPENSING. 

The  experiments  will  be  demonstrated,  and  are  to  be  repeated  by 
each  student ;  the  products  must  be  checked  by  the  demonstrator.  The 
solids  may  be  weighed  in  advance,  if  scale  facilities  are  limited.  No 
notes  required.     Study  in  connection  with   Chapter   IV. 

Experiments 

I.  Fold  a  plaited  and  a. plain  Uller,  properly  trimmed  (Fig,  120>. 

The  former  is  made  by  folding  a  square  or  round  sheet  of  filter- 
paper  along  the  line  i,  a,'  and  this  piece  again  in  the  same  way  along 
2,  b.  If  square,  the  comer  is  trimmed  off  along  the  dotted  line  3,  a. 
The  filter  is  then  placed  in  the  funnel,  opened,  and  moistened  with 
water  or  a  little  of  the  liquid  to  be  filtered. 

The  plaited  filter  U  started  like  the  ^lain.  The  fold  i,  a  is  made; 
2,  b  is  here  only  a  crease.  The  paper  is  flattened  again  as  in  2,  and 
the  ed^es  folded  in  as  in  3,  b.  The  paper  is  again  laid  out  flat  and 
each  eighth  furnished  with  an  extra  crease,  as  in  4:  first  as  in  a,  then 
folding  over  c,  and  then  making  b.  The  paper,  flattened  out  shows 
creases  as  the  lines  in  s,  all  in  the  same  direction.  Each  space  is 
now  folded  back  along  the  dotted  line  in  the  opposite  direction,  as  in 
making  a  fan  (6).  The  numbers  in  (6)  refer  to  the  order  in  which 
the  creases  are  made.    If  this  is  separated,  it  gives  the  figure  7- 

The  creases  should  not  he  carried  sharply  to  the  point  but  should  be 
quite  light  for  %  \o  Yi  inch  from  the  end.  to  prevent  breaking. 

'  Thh  ««rd>e  m»y  be  m«iii  option»I.     Dtlailed  not**  (houliJ  be  kept 
S.   M.,   Ei.   ii     Appiralui  for  demotutrsiion. 

S.  M.,  Ex,  1:  (for  tvelvc  aludcnli). — Bilancc  and  weighti;  40  papers  tor  (oM- 
ins  filten;  is  itifl!  papen  for  pliifers;  powder  papeni  no  gelatin  capaulea,  No,  1. 
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Fig.    no,— Method!  of  folding  filter*. 

2.  Solution:  B.  Sodii    Oiloridi I. 

Saeeliari    S- 

Int.  Menth.  Pip » 

Mix   and   dissolve. 

3.  Powder  papers:    &.  Hydrarg.  Chlor.  Milis 1. 

Pv.  Atnyli   5- 

Mix  and  divide  inio   10  powders,   properly  folded. 

4.  Capsules:  R.  Pv.  Amyli   2. 

Fill  into  10  capsules. 
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S-    Emulsion:  B.,01.  Morrhuie  5- 

Pv.   Acacix   2. 

Make  emulsion   (Rub  the  acacia  with  the  water  and  add 

the  oil  at  once,  triturating  vigorously).  When  the 
emulsion  is  formed  add  50  c.  c.  of  water,  and  shake : 
The  oil  remains  emulsified. 

6.  Ointment:  g.  Pv.  Amyli  I. 

Petrolati    10, 

Mix  and  make  into  ointment.     This  must  be  free  from  liunps. 

7.  PiiU:  e.  Pv.  Glycyrrh 2. 

Make  into  10  pills. 

8.  Plaster:  Spread  a  plaster,  5X6  inches. 

Optional. —  This  exercise  can  be  profitably  extended  as  much  as  time 
will  permit,  the  student  writing  and  dispensing  a  series  of  [irescriptions. 
These  will  very  likely  illustrate  some  of  the  incompatibilities. 

EXERCISE  8,— INCOMPATIBILITIES. 

The  student  should  state  in  his  notes  the  results,  the  general  rule 
which  each  experiment  illustrates ;  and,  if  possible,  the  chemical  reac- 
tion which  takes  place,  and  ihe  nature  of  the  precipitate,  etc. 

Study  in  connection  with  pages  74  to  79- 

ExperimcRta.—  I.  Exploaivea. — 

I.' Rub  a  little  chlorate  of  potash  and  tannin   in  a  mortar:   detona- 

2.'  Mix  some  strong  nitric  acid  and  alcohol  in  a  beaker,  and  let  stand 
in  a  bel)  jar:  in  a  short  time  orange  vapors  arise,  and  suddenly  the 
■  solution  boils  up  and  is  thrown  from  the  beaker. 

3.  Mix  some  concentrated  sulphuric  acid  and  water  in  a  test-tube, 
and  notice  the  evolution  of  heat. 

II.  Incompatibility  by  Oxidation.— 

4.  KfiCriOi  solution  +  Alcohol ;  no  change,  (There  may  be  a  slight 
precipitate,  which  redissolves  if  a  little  water  is  added.)  Add  cone 
HiSOi.    Green  color,  and  evolution  of  gas. 

[K>Cr,0,  +  H,SO.  =2CrO.  +  2KHSO4  +  H,0 

CrOs  +  3CH.O  =Cr,0,  +  3C.H,0  (aldehyd)  +  3ILO 
GO.  +  3H,SO,=Cr,(SO.).  +  3H.O] 

5.  fi.  KCIOt 0,5  1  If  put  up  without  heating,  no  change 

Aquse  10.     I      will  occur,  illustrating  the  possibil- 

Glycerini    2.     j       ity  of  mixing  certain  explosives  in 

Tr,  Ferri  Chlor..  ..    i.    J       solution. 

6.  Cone.  HCl  +  dry  KaO.  +  heat:  Evolution  of  Chlorin  Gas: 
liquid  turns  golden  or  canary  color. 

(aHO  +  KCIO.  =  KQ  4-  GO.  +  O  +  H.O.) 

7.  H,Oi  +  KI   (let  stand)  =  Yellowish-brown  color. 

(2KI  -I-  H,0,  =  2K0H  -I-  1) 

8.  KI -I- KCIO, -f  HQ   (lieat)=  Brownish  color. 

(KI  -I-  KOO,  -l-2Ha  =  aKO  -I-  OO.  +  H.0  -I- 1.) 
*  ^■Sp?r';"^th^'Nitr.  ]    Brown-red  color;  liberated  iodin. 

III.  Chemic  Incompatibility  by  Precipitation.— 

10.  FeSO.-f  (a)   NaOH  =  Green  precipitate. 
(b)   Na,CO.  =  Green   precipitate. 

*  Demotutntion :  not  to  be  done  by  itudent*. 
S.  M.— Expts.    I    and    2. 
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(c)  Pot.  Oxalate  (let  9tand)=  Yellowish-white  precipi- 

Ute. 
{d)  Sod.  Borate  (let  stand )^  Greenish  precipitate. 
(,e)   Na>HPO.  =  Grayish-white   precipitate. 
(/)   Tannin  =  Dark  blue. 

(g)   Infusion   Uva   Ursi  =  Dark  bluish-green. 
(A)  Infusion  Cinchona  ^  I>ark  green. 

11.  FeiCIi'+(i)  Albumin^ White   precipitate. 

(k)   Acacia^Brown   gelatinous  precipitate. 
(/)    Sodium  Salicylate  =: Reddish-purple  color. 
(/>>  Carbolic  Acid   (s%)  =Bluish-violet  color. 

12.  CuSOi  -|-  (a)  =  Greenish-blue   precipitate. 

(i)  =  Bluish-white  precipitate, 

(t)   =  Bluish-white   precipitale. 

13-  Pb(GH,0.).+  (>)=  White   precipitate. 

(m)  NaCl^White  precipitate. 
(«)   KBr  =  Whtte  precipitate. 
(o)   Na.SO.  =  White  precipitate. 
Tinctura   Opii  =  Brown    precipitate. 
14.  MbSO.+  (o),   (6)  =  While  precipitate. 
IS-  Ca(OH),-f  (c).    (f)=  White   precipitale. 

16.  HgQj-l-  (q)    Ca(OH),  =  Ye!low  to  brown  precipitate. 

(r)   FeSOi  +  heat  =  Blackish -brown    precipitate. 

l3HgCl,  +  4FeSO.  =  Fe,<SO.).  +  Fe.CI,  +  Hg, 
SO.  -I-  Hg,l 
is)  Kl ;  when  red  precipitate  forms,  add  more  KI,  and 

it  should  redissolve. 
(i)=  White  precipitate. 

17.  AgN0,asi3  ('■>,   («)  and  (n). 

la  Saturated    solution    Quinin    Sulphate -|- (a),     (fr),     (/)=  White 
precipitate. 
(0 +lodin  solution    (I -f  KI)  ^Brown   precipitate. 
(«)  + Picric  Acid^Yellow  precipitate. 
(v)  +  Pot.  Merc.  lodid  =  White  precipitate. 
19.  I  :  100  Strychnin  Sulph,  +  saturated  KBr  =;  Precipitate  of  crystal 
needles,  increasing  on  standing. 

"■  ^^    ISlSiS  IoTLm.      |W''i"  ='^-'«"  '■'"■'!'»"• 

21.  B-     Solution.    Quinin.    Bisulph.  1 

Solution.   Sodii  Salicyl.  ^  White  precipiute. 

ai  partes  equates.  J 

22.  B-    Solution.  HgCti  )  Red  precipi- 

Solution.  KI  (      tate. 

Continue   addition   of 
KI  to  solution,  then 
add: 
TinctuTX  Cinchonse :    Brownish  precipitate. 

23.  B.    Solution.  AgNOi  )  White     precipitate     on     standing, 

Aquae  Font,  (tap  water)  )     darkening  in  the  light 
IV.  Chemic    Incompatibilltiu    without    Precipittttton    (compare 
also  I  and  II)  : 

24.  Chloral  -I-  NaOH  :  Odor  of  Chloroform. 

(CC1.C0H  -1-  NaOH  =  NaCHO.  +  CHCI.) 
25.  B.    Ac  Sulphur.  Dil.  gtt.  30. }     Evolution  of  CO.  and  precipitation 
Mist.  Creta 10  c.  c  '        of  CaSO,. 

'*'■  LirpSin"'.::::;:;,;!  Ev.w»otco. 

CLiquor  Pepsini  contains  HCI.) 
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L   precipitate    (NaC   and 


precipitate.    Add 


V.  Pharmaceutic  Incompatibility.— 

27.  H,0  to  Tincture  Guaiac    1     =  White  pre-    1  Resin. 
HiO  to  Spirits  Can:4)hor    )  cipitate.       )  Camphor. 

H1O  to  Tincture  Cinchona^  Brown  precipitate.    Resin. 
a8.  B.    NaCl  ' 

Tincturae   Cinchonic..     _, 
39.  AlcoholH- (i)  and   (i)  =  White  orecipitate. 
Alcohol  +  saturated      solution      NaCI  =  Whit 
water:     Redissolves. 

30.  B.    Ac.    Carbol.   liq.,.gtL   aa 

Aquae  10  c.  c. 

Ft.  solution. 

(How  can  this  be  brought  into  solution?) 

31.  B'    Tincturae  Ferri  Chlor.    )  Greenish-brown  precipitate  of  1rott 

Tinctune  Cinchonfc         J      tannate. 

EXERCISE    9-— ISOLATION    OF    FIXED    ORGANIC    PRINCI- 
PLES (ASSAYING). 
Study  in  connection  with  Chapters  IV  and  V,  pages  73  and  84  to  86. 
L  laolatlon  of  Alkaloids.— (Nux  Vomica.) 

This  experiment  (a  modification  of  the  Stas-Otto  method)  is  in- 
tended to  illustrate  the  principles  employed  in  isolating  alkaloids  and 
glucosids  from  organic  mixtures,  such  as  plants,  stomach  contents,  or- 
gans, etc.  Two  students  may  work  together.  This  is  the  method  gen- 
erally used  for  the  isolation  of  organic  poisons  in  toxicologic  analysis. 
It  rests  on  the  different  solubility  of  the  constituents  of  the  mass  in 
:  solvents.  It  may  be  represented  diagramatically  as  follows ; 
Extraction  with  boiling  dilute  tartaric  acid. 

, L 


Solution  r 


Residue 


~l 


Residue:     Salts,  proteids,  fats. 


Addition  of  ammonia  to  watery 
solution,  liberation  of  alkaloid, 
with  ether. 


Ethereal   Layer:      Neutral  princi- 

Sles,  glucosids,  cantharidin,  caf- 
;in,  and  some  other  alkaloids. 


Acidulation,  alkalinisalion  with 
ammonia,  extraction  with  acetic 
ether,  chloroform,  or  hot  amyl 
alcohol. 


Watery    Layer:     Inorganic    Poi-  Ethereal  Layer:     Morphin. 

Record  your  observations  in  every  step  of  the  process. 
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1.  Extraction. —  To  a  mixture  of  30  Gms.  of  hashed  meat  and  3  Gms. 
of  powdered  nux  vomica  add  about  too  c.  c.  of  water,  and  a  pinch  of 
tartaric  acid.  Boil  for  ten  minutes.  Cool.  Strain  through  Canton 
flannel.    Reject  the  solid  residue. 

2.  Removal  of  Sails,  Proieids,  and  Fats. —  Add  about  10  Gms.  of 
sand  to  the  strained  solution,  and  evaporate,  first  on  a  free  flame,  then 
on,  water  bath,  to  a  paste.  Add  40  c.  c.  of  95%  alcohol,  let  stand 
10  minutes  or  longer,  with  frequent  stirring ;  and  filter.  The  salts, 
proteids,  and  fats  arc  left  on  the  filter,  since  they  are  insoluble  in 
alcohol.  These  are  rejected.  The  alcoholic  solution  ccntains  the  or- 
ganic poisons. 

3.  Removal  of  Resins,  Fats,  e/c— Dilute  the  alcoholic  solution  with 
an  equal  volume  of  water.  This  precipitates  the  above  impurities 
(active  resins  and  croton  oil  would  be  found  in  this  precipitate).  Filter. 
Reject  the  precipitate.  Evaporate  to  near  dryness,  to  remove  the  alco- 
hol. Dissolve  the  residue  in  SO  c.  c.  of  water.  Filter.  Assure  yourself 
that  the  filtrate  is  acid. 

4.  Removal  of  Neutral  Principles  and  Some  Other  Impurities. — 
Place  the  solution  in  a  separating  funnel,  add  25  c.  c.  of  ether,  and 
shake  with  a  gentle  rotatory  motion  for  ten  minutes.  Separate  the  two 
layers,"  The  ethereal  layer  would  contain  the  neutral  principles, 
which  would  be  obtained  by  evaporating  the  ether.  In  the  present  in- 
stance, the  ethereal  layer  is  rejected.  The  watery  layer  contains  the 
alkaloidal  salts.    It  is  treated  by  (5), 

5.  Extraction  of  Alkaloids, —  Replace  the  watery  solution  of  4  in  the 
separating  funnel.  Add  ammonia  until  it  is  freely  alkaline  (this  lib- 
erates the  free  alkaloids,  which  are  soluble  in  ether.  The  aikaloidal 
salts  are  insoluble  and  were  therefore  not  extracted  in  4),  Add  25  c,  c. 
of  ether  and  shake  with  a  rotatory  motion  for  10  minutes.  Let  the 
liquid  separate,  and  draw  off  the  watery  layer  (which  would  contain 
morphin)  ;  this  is  rejected.  The  ethereal  layer  contains  most  of  the 
alkaloids.  Distill  off  the  ether.  Test  some  of  the  residue  for  Strychnin 
by  Exercise  10,  No,  I,  a;  and  Bruein,  Exercise  10,  No.  i,  6;  dissolve 
another  portion  in  a  little  dilute  sulphuric  acid,  inject  into  a  frog,  and 
note  the  convulsions,  (The  ether  extractions  would  be  repeated,  in 
practice,  as  long  as  they  would  take  up  any  alkaloid.) 

II.  Alkaloidal  AaMy. —  (Demonstration.) 

The  U.  S.  P.  process  for  Belladonna  is  typical  of  the  majority  of 
assays  (with  the  itnportant  exception  of  opium).  It  consists  in  a  modi- 
fication  of  Keller's  method: 

Place  10  Gm.  of  Belladonna  in  an   Erienmeyer  flask,  and  add 

SO  c.  c.  of  a  mixture  of  chloroform  I  part  and  ether  4  parts  (both 
y  volume).  After  inserting  the  stopper  securely  allow  the  flask 
to  stand  ten  minutes,  then  add  2  c,  c,  of  ammonia  water  mixed 
with  3  c.  c.  of  distilled  water,  and  shake  the  flask  well  at  fre- 
quent intervals  during  an  hour.  Then  transfer  the  contents  to  a 
small  percolator  which  has  been  provided  with  a  pledget  of  cotton 
packed  firmly  in  the  neck,  and  inserted  in  a  separator  containing 
6  c.c.  of  norm,  sulphuric  acid  diluted  with  20  c,  c.  of  distilled 
water.  When  the  liquid  has  passed  clear  through  the  cotton. 
pack  the  Belladonna  firmly  in  the  percolator  with  a  glass  rod, 
e  the  original  flask  into  the  percolator  with  successive  small 
'  c.c)  of  the  chloroform-ether  mixture,  using  in  all 
e  separator  should  not  be  filled  more  than  two-thirds. 


portions  (5  c.c)  of  the  chloroform-ether  mixture,  using  i 
SO  c.  c  The  separator  should  not  be  filled  more  than  two-tf 
Next,  shake  the  separator  well  for  one  minute,  after  securely 


S.  H„  Sot.  I  to  <^— Meat  miiture;'  Canton  flannel,  i   ft.'«|i 
S.  M.,  No.  S-—  Slill  with  water  bath  for  Eiher.     Frog  and  p 
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inserting  the  stopper,  and  when  the  solutions  have  completely 
separated,  draw  off  the  acid  solution  into  another  separator.' 
Add  to  the  chloroform-ether  mixture  10  c.  c.  of  sulphuric  acid 
mixture  of  the  same  strength  as  before,  aptate  well  but  not 
violently,  and  again  draw  off  the  acid  solution  into  the  second 
separator.  Repeat  this  operation  once  more.  Introduce  into  the 
acid  solutions  contained  in  the  second  separator  a  small  piece  of 
red  litmus  paper,  then  add  ammonia  water  until  the  hquid  is 
distinctly  alkaline,  and  shake  out  with  three  successive  portions 
of  chloroform  15,  15,  and  5  c.c. ;  collect  the  chloroform  solutions 
in  a  beaker,  place  it  on  a  water  bath  containing  warm  water,  and 
allow  the  chloroform  to  evaporate  completely. 

To  the  alkaloidal  residue  add  3  e,  c.   of  n/io_  sulphuric  acid 

and  5  drops  of  hemotoxylin  or  todeosin  test-solution,  then  titrate 

the  excess  of  add  with  n/w  potassium  hydroxid.    Divide  the 

number  of  c.c.  of  n/a.  KOH  used  by  5   (to  reduce  it  to  n/w)' 

subtract   the  quotient   from   3    (the  3   c.c.   of  n/w  HiSO.).  and 

multiply   the  remainder  by   0.0^7    (i   c.c.   n/m^O.O^?  Gm.   of 

atropin).   and   this   product   by    10    (to   refer   it  to    100   (3m.   of 

drug)  ;  the  result  gives  the  percentage  of  alkaloids  contained  in 

the  Belladonna. 

III.  Physiologic  Standirdization. —  (Demonstration.) 

Drugs  which  do  not  contain  alkaloids  often  do  not  lend  themselves 

lo  chemic  standardization.     In  some  of  these  cases,  the  strength  of  the 

drug  may  be  estimated  by  its  physiologic  activity.     The  just  fatal  dose 

■■     ■■  t  detinitt 


s  generally  the  most  definite  end-reaction.  This  physiologic  (or  phar 
macoli^ic)  assay  is  utilized  especially  for  drugs  belonging'  to  the 
Digitalis  group.    The  method  is  described  by  Edmunds  and  Cushny; 

Ten  c.  c.  of  tincture  of  digitalis  are  evaporated  on  a  water  bath  to 
about  half  (to  eliminate  the  alcohol)  and  made  up  to  the  original  vol- 
ume with  water.  Three  frogs  of  about  the  same  size  are  selected, 
carefully  weighed,  and  identified  by  strings  tied  to  different  legs.  The 
solution  is  now  injected  into  the  anterior  lymph-sac  (see  page  795)  ; 
frog  I  receiving  0.45  c.c;  frog  2,  0.3  c.c;  frog  3,  0,15  c.c.  (It  is 
better  to  dilute  the  tincture  three  times,  so  that  it  may  be  more  easily 
measured.)  At  the  end  of  one  hour  from  the  time  of  each  injection, 
expose  the  heart  of  each  frog.  The  ^jroper  end-reaction  exists  when  the 
heart  has  just  ceased  beating,  with  the  ventricle  in  systole,  and 
the  auricles  markedly  distended.  If  all  three  hearts  are  still  beating, 
the  experiment  must  be  repeated  with  larger  doses;  if  all  the  hearts 
have  been  dead  for  some  time,  smaller  doses  must  be  chosen.  The 
standard  dose  corresponds  to  about  0.007  c-  of  (10%)  tincture  per 
gram  of  frog. 

IV.   Purity  Terii.— (Optional).     See  page  72, 

Some  of  the  most  important  purity  tests  are  illustrated  by  the  fol- 
lowing examples,  abstracted  from  the  U.  S.  P. : 

I.  Sodii  Bromidum: 

(a)  If  I  Gm.  of  the  salt  be  dissolved  in  10  c.  c,  of  water  and  o.i  c.  c. 
of  n/»  HiSOi  be  added,  no  color  should  be  produced  by  the  subsequent 
addition  of  a  drop  of  phenolphthalein  T.  S."  even  after  boiling  (limit 
of  alkali). 

(b)  If  to  10  c.  c.  of  the  aqueous  solution  of  the  salt  (i  in  20)  r  c.  c. 
of  chloroform  be  added,  and  then  chlorin  water  which  has  been  diluted 

'If  the  liquid  rtfuiti  to  iifararc  or  emuliifiii,   procitd  01   followi:     If  the 
•olvtnl  i>  lighJer  than  waWr  (as  in  the  pr«cnt  mk)   add  some  saturated  aotutiqn 
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with  an  equal  volume  of  water  be  cautiously  introduced,  drop  by  drop, 
with  constant  agitation,  the  liberated  bromin  will  dissolve  in  the  chlo- 
roform,  imparting;  to  it  a  yellow  to  orange  color,  free  from  any  violet 
tint  (absence  of  todid). 

(c)  The  aqueous  solution  of  the  salt  (i  in  30},  slightly,  acidulated 
with  HCl,  should  not  respond  to  the  Time-Limit  Test  for  heavy  metaU 
(see  next  number). 

(tf)  If  diluted  HiSOi  be  dropped  upon  some  of  the  powdered  salt,  no 
yellow  color  should  appear  at  once   (absence  of  bromate). 

(e)  Ten  c.  c.  of  the  aqueous  solution  of  the  salt  (l  in  ao),  when 
acidulated  with  hydrochlorid  acid,  should  not  be  rendered  turbid  by 
the  addition  of   I   c.  c.   of  potassium  sulphate  T.  S.    (absence  of  60- 

(f)  If  0.3  Gm.  of  the  well-dried  salt  be  dissolved  in  about  50  c.  c.  of 
water,  and  2  or  3  drops  o£  potassium  chromate  T.  S.  be  added,  it  should 
require  not  less  than  28.5  nor  more  than  30  c.  c.  of  n/a  Ag  NO.  to  prcK 
duce  a  permanent  red  color. 

3.  Tlme-Litnlt  Test  for  Heavy  MeUl>: 

The  test  consists  in  the  successive  addition  of  HO,  H.S,  and  NH.OH ; 
no  turbidity  or  color  should  develop  at  any  time  under  the  conditions, 
as  compared  with  a  control- sample  of  HiS  solution,  treated  in  the 
same  manner.  The  test  discovers  the  presence  of  harmful  quantities  of 
Sb,  As.  Cd,  Cu,  Fe,   Pb,  or  Zn.     Ttie  details  are  as   follows : 

Ten  c.  c.  of  a  solution  of  the  substance  in  distilled  water  (i  in  20), 
contained  in  a  test-tube  of  about  40  c,  c.  capacity,  are  acidulated  with 
I  c.  c.  of  diluted  HO  (unless  otherwise  directed),  warmed  to  about 
SO°  C,  and  an  equal  volume  of  freshly  prepared  hydrogen  siilphid 
T.  S.  added,  and  the  mixture  allowed  to  stand,  in  the  well- stoppered 
test-tube,  in  a  warm  place,  at  35°  C.  for  at  least  half  an  hour.  At  the 
end  of  this  time  any  coloration  or  turbidity  is  carefully  noted,  ammo- 
nia water  is  added  in  excess,  and  the  solution  again  examined  for  a 
coloration  ( .■  turbidity. 

Before  th;  addition  of  the  ammonia  water,  the  mixture  should  still 
possess  the  odor  of  HiS ;  if  it  does  not,  it  should  be  thoroughly  satu- 
rated with  the  gas  and  again  set  aside  for  half  an  hour. 

Any  change  in  the  color  of  the  solution  which  is  being  tested  should 
be  noted  by  comparison  with  the  same  volume  of  H,S  solution  ('which 
has  been  likewise  acidulated),  when  viewed  by  reflected  light  while 
held  against  a  white  surface. 

J.  Feril  Sulpha*: 

(o)  When  slowly  heated  to  115°  C.  the  crystals  lose  38.87%  of  their 
weight. 

(6)  If  I  Gm.  of  the  salt  be  dissolved  in  about  25  c.c.  of  water,  con- 


the  filtrate  from  the  reddish-brown  precipitate  produced  should  be 
colorless,  and,  after  acidulating  with  hydrochloric  acid,  should  not 
respond  to  the  Time-Limit  Test  for  hcmy  melaU  (see  preceding  num- 
ber). 

(c)  If  another  portion  of  the  salt  be  oxidized  and  precipitated  as 
directed  above,  the  filtrate,  on  evaporation  to  dryness  and  ignition, 
should  not  teave  any  weighable  residue  (absence  of  salts  of  the  alkaU- 
metals) . 

(d)  If  I  Gm.  of  the  salt,  in  small  fragments,  be  agitated  duriuK  4 
or  s  minutes  with  TO  c.  c.  of  alcohol,  the  filtrate  should  not  redden 
moistened  blue  litmus  paper  (absence  oijree  acid). 

(e)  If  1.38  Gm.  of  the  salt,  in  uneffloresced  crystals,  be  dissolved 
in  about  25  c.c.  of  diluted  H,SO„  not  less  than  49.75  c.c.  of  n/« 
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KMnOi  should  be  required  to  impart  to  the  liquid  a  permanent  pink 
rotor   (each  c.  c.  indicating  2%  of  crystallized  FeSOi). 

4 .  Acctph  enet  I  d  I  nu  m : 

(a)    Melting  point=i34''  to  I3S°  C. 

(6)  If  0.1  Gm.  of  ihe  substance  be  boiled  with  10  c,c,  of  water,  it 
should  yield  a  solution  which,  when  cooled  and  filtered,  should  not 
become  turbid  upon  the  addition  of  bromin  T.  S.  in  slight  excess  (ab- 
sence of  acetamlid). 

(c)  If  0.1  Gm.  of  the  substance  be  boiled  for  one  minute  with  3  c.  C. 
of  solution  of  NaOH  (i  in  2),  the  solution  cooled,  and  then  af^tated 
vith  5  c.  c.  of  a  solution  of  chlorinated  soda,  there  should  be  produced 
a  dear  yellow  liquid,  and  not  a  purplish-red  or  brownish-red  cloudy 
liquid  or  precipitate  (absence  of  aceianitid). 

(if)  A  mixture  of  0.3  Gm.  of  Acetophenetidin  with,  i  c.  c.  of  90% 
alcohol  should  not  acquire  a  red  tint  when  diluted  with  3  times  its 
volume  of  water  and  boiled  with  one  drop  of  n/u  iodin  (absence  of 
paraphenelidin). 

5.  Chloroformum: 


(a)   Specific  gravity:  not  below  1476  at  25°  C. 
(6)  If  10  c.c.  of  Chloroforrn  be  poured  upon  a 


....     _    _     .__ ,  -     .        a  piece  of  clean,  odor- 

less filter  paper,  laid  flat  upon  a  warmed  f^lass  plate,  and  the  plate  be 
rocked  from  side  to  side  until  the  liquid  is  all  evaporated,  no  foreign 
odor  should  become  perceptible  as  the  last  portions  disappear  from 
the  paper,  and  the  p^er  should  be  left  odorless. 

(c)  If  10  c.  c.  of  (Siloroform  be  well  shaken  with  20  c.c.  of  distilled 
water,  and  the  liquid  be  allowed  to  separate  completely,  the  water 
should  be  neutral  to  litmus  paper,  and  should  not  be  affected  by  silver 
nitrate  T,  S.  (absence  of  chlorids),  nor  colored  by  pot.  iodid  T.  S.  (ab- 
sence of  free  cfilorin). 

(d)  If  40  c.  c.  of  Chloroform  be  shaken  with  4  c.  c.  of  colorless,  con- 
centrated H1SO4  in  a  50  c.  c.  glass  stoppered  cylinder  during  ao  min- 
utes, and  the  liquids  be  then  allowed  to  separate  completely,  so  that 
both  are  transparent,  the  Chloroform  should  remain  colorless,  and  the 
acid  should  appear  colorress,  or  very  '  ■---  -■-  -  -"-• 
of  not  less  than  IS  Mm.  in  thickne 
fosable  hy  sulphuric  acid). 

ie)  If  2  c.c.  of  the  sulphuric  acid,  separated  from  the  Chloroform, 
be  diluted  with  5  c.c.  of  distilled  water,  the  liquid  should  be  colorless 
and  clear,  and,  while  hot  from  the  mixing,  should  he  odorless,  or  give 
but  a  faint  vinous  or  ethereal  odor  (absence  of  odorous  decomposition 
products).  When  further  diluted  with  10  c.c.  of  distilled  water,  it 
•hould  remain  clear,  and  should  not  be  affected  by  silver  nitrate  T.  S, 
(absence  of  cMorinaled  decomposition  products). 
6.  /Ether: 

(0)  Specific  Gravity:  0.716  lo  0.71?  at  2;°  C. 

(h)  Ether  should  boil  when  a  test-tube,  containing  some  broken 
glass  and  half  filled  with  it,  is  held  for  some  time  closely  grasped  in 
the  hand. 

(f)  The  color  of  light  blue  litmus  paper  moistened  with  water  should 
not  be  changed  to  red  when  the  paper  is  immersed  in  Ether  for  10 
tninntes. 

(d)  Upon  evaporation.  Ether  should  leave  no  residue. 
(')  As  in  Chloroform,   (6). 

if)  When  20  c.  c.  of  Ether  are  shaken,  in  a  graduated  tube,  with  » 

c-c.  of   water,   just   previously   saturated   with   Ether,   the   ether-layer, 

upon  separation,  should  measure  not  less  than  192  c.  c.  (absence  of  an 

uifdue  amount  of  alcohol  or  ■water). 

10  If  10  c.c.  of  Ether  be  shaken  occasionally,  dnrmg  one  hour. 
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I  color  should  be  developed  in 


EXERCISE  la— SPECIFIC  REACTIONS   OF  IMPORTANT 
ORGANIC  DRUGS. 

Study  after  Chapter  V.  Two  students  may  work  together. 
The  main  object  of  this  exercise  is  to  familiarize  the  student  with 
the  reactions  which  are  utilized  in  toxicologic  analysis.  It  must  be 
remembered  that  impure  products  give  these  tests  very  imperfectly. 
They  may,  however,  be  applied  to  tablets,  capsules,  etc.,  especially  if 
these  are  first  treated  as  in  Exercise  9,  I.  The  tests  need  not  be 
memorized.  The  results  should  be  entered  in  the  notes.  The  phys- 
iologic tests  should  not  be  tried  at  this  time.  Detailed  reference  to 
them  will  be  found  in  the  Index.  When  the  dry  substance  is  used,  the 
s  performed  on  a  glass  slide  or  watch-glass,  placed  on  white 
■      ■  '  •     ■  porating  (''  " 

e  of  the  s 

stance,  about  a  milligram,  should  be  employed.  When  solutions  are 
used,  the  reactions  are  generally  made  in  a  test-tube  or  capsule.  The 
student  should  remember  that  he  is  handling  very  strong  poisons. 

1.  ALKALOIDS. 

I.  Strychnin.—  To  a  tr^ce  of  the  powdered  alkaloid  add: 

(a)  A  drop  of  cone.  HiSC:  no  change;  then  a  small  crystal  KjCriOi. 
Play  of  colors  through  blue,  violet,  red,  orange  (Otto). 

(6)  A  drop  of  cone.  HNOi;  heat  gently:  with  most  samples  a  yellow 
color,  due  to  Brucin. 

(c)  Determine  the  dilution  at  which  the  bitter  taste  of  strychnin 
just  disappears  (begin  with  1  :  50,000 ;  to  5  c.  c.  of  this,  add  water  in 
portions  of  r  c,  c). 

(Physiologic  test:  peculiar  convulsions  in  frogs.) 

3.  Brucin. —  (a)  To  a  liitle  of  the  powdered  alkaloid  add  a  small 
drop  of  nitric  acid:  blood-red  color.  Add  a  few  drops  of  1%  sodium 
thiosulphate   (hyposulphite):   violet  color   (Cotton). 

(ft)  To  some  powdered  Nux  Vomica  add  a  drop  of  cone.  HNOt: 
orange  color,  due  to  Brucin. 

3.  Calf eln.— Moisten  some  powdered  alkaloid  with  nitric  acid:  yel- 
low to  orange  color.  Evaporate  the  excess  of  acid  on  waterbath  and 
expose  to  ammonia  vapor;  garnet  to  purple  color  (Murexid  reaction  of 
Stenhoiise.   Rochleder). 

4.  Morphin. —  (a)  To  a  i  :  1.000  solution  add  a  little  fresh  sodium 
iodate  solution,  a  tew  drops  of  dilute  sulphuric  acid,  and  a  little  starch- 
paste  :  blue  color.  This  is  a  very  delicate  test,  hut  is  also  given  by 
other  reducing  substances   (Mohr). 

(b)  To  a  little  (2%)  aijueom  solution  in  a  test-tube  add  a  drop  of 
ferric  chloric:  blue  color  (Sehaer). 

(c)  To  a  trace  of  powdered  alkaloid  add  a  drop  of  nitric  acid  and 
heat :  orange  color. 

(d)  Toa  traceof  dry  alkaloid  add  a  drop  of  fresh  Marquis'  (Robert's) 
reagent  (cone.  HiSC.  20  c.  c. :  40%  formalin,  I  e,  c).  Ptay  of  colors 
from  purple-red  to  violet  blue.' 

■  This  ruKcnt   givo  iaine«h(t  ^milir  reactions  with  phenols  and  their  der!**. 

livei   (cirlwlic   acid,    aalicylic   acid,   rcsorcin,   etc.).     (Optional   expfrinoits) .     Tlie 

color  in   the   cold   it,   however,   more   pink  than   with  morphin.   carbolic   acid   beiof 

the  onlv  one  which  could  sive  rise  lo  a  mistake.     This  can  bt  removed  by  boilioc 

*   S.'  M.  — W««bStht"  '    '    "'*'"    o  give      e  p  eno    re 
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(*)  Mix  a  trace  of  dry  alkaloid  with  an  equal  quantity  of  ammon. 
molybdate,  and  add  a  drop  of  concentrated  sulphuric  acid  (Froehde's 
reageiit)  :  violet  color,  changing  to  deep  blue. 

If)  To  a  few  drops  of  (2%)  aqueous  solution  in  a  test-tube  add 
about  2  c.  c.  cone,  HCl  and  a  few  drops  of  cone.  H,SO,.  Boil  in  water 
bath  for  one-half  hour:  Apomorphin  is  formed,  see  No.  7  (6).  Neu- 
tralize with  NaiCO.  (solution)  and  add  a  drop  of  alcoholic  lodin: 
emerald  color.  Shake  with  ether:  this  lakes  a  violet  color  (Pellagri's 
reaction  — also  given  by  codein). 

S-  Codeln — Place  a  little  of  the  dry  alkaloid  in  a  capsule  and  add 
a  few  drops  of  cone.  HiSO.:  faint  greenish,  then  violet  color.  Add  a 
drop   of  cone.  HN'Oa:  plays  from  yellow  to  purple. 

6.  Meconlc  Acid  (serving  as  a  test  for  opium).— Dilute  a  few 
drops  of  tinet.  opii  with  water  and  add  drop  of  ferric  chlorid :  red 
color,  not  bleached  by  HgCli. 

7.  Apomorphin.—  (0)  To  a  trace  of  dry  alkaloid  add  a  drop  of 
nitric  acid :  blood-red  color. 

(&>  To  a  few  drops  of  i  :  500  watery  solution  (note  the  green 
color)  add  five  drops  of  NaiCOi  and  a  drop  of  alcoholic  iodin;  emerald 
color.     Shake  with  ether.    This  becomes  violet. 

8.  CocaJn.—  (0)  Heat  a  little  dry  cocain  in  a  test-tube  with  a  tew 
drops  of  alcohol  and  of  cone.  HiSOi:  fruity  odor  of  methyl -benzoate 
(Biel). 

(fr)  Boil  20  drops  of  a  fresh  1%  watery  solution  with  20  drops  of 
5%  sulphuric  acid  for  a  few  minutes;  neutralize  exactly  with  NaOH 
and  add  a  drop  of  FeiCU :  brown  precipitate  of  ferric  benzoate. 

(r)  A  mixture  of  cocain  and  calomel  is  blackened  by  moistening 
with  dilute  alcohol  (Fluckiger). 

(Physiologic  test:    Local  anesthesia.) 

9.  Atropln.— Place  a  trace  of  dry  alkaloid  in  a  test-tube.  Add  10 
drops  of  cone.  HiSOi,  and  heat  until  it  becomes  brown  ;  then  add  a 
volumes  of  water:  characteristic  odor,  resembling  tuberose  (Gulichno), 
strengthened  by  KMnO.  (Reuss). 

(Physiologic  test:     Dilation  of  pupils.) 

9  1-3-  Phywrtlgitiln. —  {Ofitional.)—  (Notice  pinkish  color.)  (o) 
To  I  :  1,000  aqueous  solution  add  I  drop  of  NaOH :  red,  becomes  green 
on  heating,  and  returns  to  red  on  cooling.  Add  Sulphurous  Acid : 
again   colorless    (Eber). 

(fr)  Evaporate  some  solution  with  a  few  drops  of  NHi;  red  color, 
leaving  dry  blue  residue.  Add  water:  blue  solution.  Add  Acetic  Acid: 
violet  in  transmitted,  coppered  fluorescent  in  reflected  light. 

(Physiologic  test:     Constriction  of  pupil.) 

MO.  Vertttrln. —  To  a  trace  of  powdered  alkaloid  add: 

(a)  A  drop  of  cone.  H;SO.:  yellow  color.  Apply  heat:  the  color 
changes  through  orange  and  deep  scarlet  to  a  beautiful  violet  red. 

(b)  A  drop  of  cone.  HCl  and  heat:  red  color  (Trapp). 
(Physiolor'c  test:     Peculiar  action  on  muscle.) 

iz.  Quittin. —  Use  a  saturated  aqueous  solution  of  quinin  sulphate. 

(o)  Notice  the  blue  fluorescence,  best  seen  by  drawing  the  solution 
into  a  pipette.    This  is  increased  by  acids,  diminished  by  NaG. 

(fc)  Thalleioquin  Reaction;  Add  2  drops  of  Bromin  Water  and 
then  cautiously  an  excess  of  ammonia.  An  emerald  color  results,  which 
is  changed  to  red  by  HCl.  (If  a  very  small  Quantity  of  ammonia  is 
used,  the  color  may  be  magenta.)      (Brandes,  Andre.) 

la.  Epinephrln.— To  some  i  :  50,000  solution  of  adrenalin,  or  to  a 
dilute  extract  of  suprarenal  gland,  add  some  ferric  chlorid,  drop  by 
drop,  as  long  as  the  color  darkens :  a  green  color  develops.  Add  some 
NaOH:  the  color  changes  to  a  dark  brownish-red  (Vulpian's  Chromo- 
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gen  Reaction).    Dilute  solutions  of  epinephrin  turn  pink  on  prolotiged 
standing. 

(Physiologic  lest:    Rise  of  blood  pressure.) 

(The  following  alkaloids  are  identiBed  especially  by  physiologic  tests: 
Aconitin :  prickly  tasie,  action  on  frog's  bean. 
Coniin,  Nicotin:  odor,  paralysis  of  ganglia,  of  motor  endings. 
Curare:  paralysis  of  motor  endings. 
Pilocarpin:  salivation.) 

11.  GLUCOSIDS  AND  NEUTRAL  PRINCIPLES. 
13'  DigitallD.— Use  a  trace  of  the  dry  substance: 

(a)  Add  a  drop  of  FciC!,,  and  of  cone.  H.SO.,  without  miring: 
cartnin  to  violet  zone,  changing  to  indigo  (Kiliani), 

(b)  Dissolve  in  glacial  acetic  acid  in  tesl-tube.  With  a  glass  rod, 
add  the  merest  trace  of  FciCli.  Add  equal  volume  of  cone  HtSOi 
without  mixing:  persistent  carmin  zone   (Keller). 

{Diptoxiti  also  gives  a  characteristic  reaction  with  (fr),  the  zone 
changing  from  dirty  brown  to  blue-green  and  indigo.) 

(Physiologic  test:    Slowing  and  systolic  standstill  of  frog's  heart.) 
14.  Santonia, — 

(a)  Dissolve  a  little  in  alcohol,  add  a  small  piece  of  dry  KOH,  and 
warm:  reddish-green  to  yellow  color  (Banfi). 

(6)  To  a  trace  of  the  dry  substance  add  a  little  concentrated  sul- 
phuric acid,  and  a  drop  of  ferric  chlorid,  and  heat:  dark  red  color, 
changing  to  violet  brown. 

(c)  Santonin  in  urine:    Consult  Exercise  13. 

14  I>J.  Picrotoxln.— (a)  Note  the  intensely  bitter  taste  (onel  drop 
of  1  :  i.ooo  solution  on  tongue). 

(b)  Mix  an  equal  quantity  (trace)  of  picrotoxin  and  powdered 
potassium  nitrate :  add  a  drop  of  concentrated  sulphuric  acid,  and  then, 
drop  by  drop,  a  strong  sodium  hydrate  solution :  brick-red  color  (Lang- 
ley's  Reaction). 

(Physiologic  test:    Peculiar  convulsions  of  frog.) 

III.  COAL-TAR  DERIVATIVES. 

IS-  Carbolic  Add. —  Use  3  : 1,000  solution. 

(a)  Add  Fe.a.:  blue-violet  color. 

(&)  Add  bromin  water:  yellow  precipitate  of  needle-shaped  crystal 
(Landoli). 

(f)  Add  Millon's  reagent  and  heat:  blood-red  color  or  precipitate 
(Piugge). 

(d)  Note  that  the  reaction  of  strong  carbolic  acid  to  litmus  paper 
is  neutral. 

16.  Rcaorcin To  a   trace  add  some    NaOH   and  CHCL:    Pink 

color  (Renter). 

17.  Acetanllid.—  (a)  Heat  some  of  the  powder  with  NaOH  solu- 
tion :  Dissolves,  with  odor  of  anilin ;  add  a  few  drops  CHCU  and 
heat  again:  OAqt  of  phenyl-isonitril  (resembles  wilch-hazcl).  [This 
reaction  is  also  given  by  anilin  (see  first  edition,  page  769) ;  by 
phenacelin,  etc.]     (Hofmann.) 

(6)  Boil  with  cone.  HCI.  add  equal  volume  $%  CM£>  and  equal 
volume  calx  ehlorata:  Red  turbid  fluid.  Supersaturate  with  NH»: 
Deep  blue.     (Berthelot,  Vulpius.) 

(c)  Ruh  together  equal  volumes  of  Acetanilid  and  NaNOi  and  add 
some  cone.  HiSO. ;     Orange  liquid. 

18.  Pheoacetln.— Gives  (a)  and  (E>),  as  in  17.    These  need  not  be 
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repeated.  With  (c)  gives  a  black  violet  color,  later  passing  into 
green. 

19.  Antlpyrin, —  (o)  To  an  aqueous  solution  add  a  few  drops  cone 
Fe,Cl.:     Deep  red  solution  :  +  HiSO.:     Light  yellow   (Cohn,  Knorr). 

(b)  To  an  aqueous  solution  add  some  Spiritus  £theris  Nitrosi. 
Slow  development  of  green  color  and  precipitate  of  isonilroso-antipyrin. 

30.  Salol.— (o)  Alcoholic  solution  +  Fe,C[,:    Red-violet  color. 

(6)  Dry  crystals  +NaOH;  heat:  Dissolves.  Add  cone.  HCI: 
Crystalline  precipitate  of  salicylic  acid  and  63ot  at  phenol. 

IV.  ORGANIC  ACIDS. 

ai.  Salicylic  Add.— Use  Sodium  Salicylate. 

(a)  To  a  dilute  solution  add  a  drop  of  ferric  chlorid:  Red-violet 
color. 

( b)  Place  some  dry  salii^lale  in  test-tube ;  add  equal  parts  of 
methyl  alcohol  and  cone.  HiSOi  and  heat:  odor  of  methyl  salicylate 
(oil  of  winiergreen). 

sa.  Benzoic  Acid. —  To  dilute  solution  of  sodium  benzoate  add 
drop  of  ferric  chlorid :  brownish-pink  precipitate.  Add  a  little  dilute 
HCI:  dissolves.  (A  white  precipitate  of  benzoic  acid  may  be  thrown 
down,  if  the  solution  was  concentrated.) 

aj.  Acettc  Acid. —  Use  sodium  acetate. 

(a)  To  a  dilute  solution  add  drop  of  ferric  chlorid:  red  color. 

(b)  Heat  some  dry  acetate  in  a  test-tube  with  equal  volumes  ofalco- 
hoi  and  cone.  HiSO.:  odor  of  ethyl  acetate   (acetic  ether). 

34,  Hydrocyanic  Acid.—  (a)  Notice  odor. 

(b)  Impregnate  some  filter  paper  with  freshly  prepared  Tincture 
Guaiac,  let  dry,  then  poor  on  some  very  diluted  CuSO< ;  expose  this  to 
the  vapor  of  i  :  1,000  HCN;  Deep  blue  color  (Pagenstecher,  Schon- 
bein.  Preyer).  Expose  another  paper  prepared  in  a  similar  manner  to 
the  vapor  of  NHi :  Green  color. 

(c)  Add  to  I  :  i.ooo  solution  some  FeSO.  and  Fe.a.  and  a  few 
drops  of  NaOH  ;  boil,  let  stand  a  few  minutes,  acidulate  with  cone, 
HCI,  and  heat :  Green  to  blue  color,  or  precipitate  of  Berlin  blue 
(Husemann,  Ittner). 

as-  OxalktcB. —  To  a  solution  of  potassium  oxalate  add  CaCli: 
Precipitate.    Add  acetic  acid  t  does  not  dissolve.    Add  dilute  HCI :  solu- 

V.  HYDROCARBONS. 

a6.  Alcohol.—  (Use  5%  solution.) 

(a)  Add  some  K>Cr,Oi  and  dilute  HiSO.  and  warm:  Green  color 
and  odor  of  aldehyd  or  acetic  acid. 

(b)  Add  some  NaOH  and  lodin  solution;  heat  gently:  Odor  of 
iodoform ;  and  precipitate  of  this  substance  may  be  seen ;  examine  with 
microscope   (Lieben). 

(f)' Place  a  pint  of  beer  in  a  liter  flask.  Stopper  tightly  with  a 
perforated  cork  bearing'  an  upright  glass-tube  of  a  bore  of  %  inch  and 
at  least  4  feet  high.  Heat  slowly  to  boiling,  and  continue  the  heat 
until  the  foaming  subsides.  Apply  a  lighted  match  to  the  upper  end 
of  the  tube ;  The  alcohol  vapor  will  ignite,  most  of  the  watery  vapor 
being  condensed  in  the  long  tube. 

a6  i-a.  Methyl  Alcohol  (Wood- Alcohol). —(a)  The  test  21  (*) 
may  be  modified  to  apply  to  methyl  alcohol. 

(6)  Test  for  the  presence  of  wood-alcohol  in  grain  alcohol: '    Apply 

the  following  tests  to  two  solutions,  one  containing  10%  of  ethyl  alco- 

S.  M.     Demoiulrition  of  a6  c  and  a6  i-a  b;  pUin  and  fonnildcbTd  mitk. 
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hol,  the  other  5%  of  methyl  and  5%  of  ethyl  alcohol.  Determine  which 
sample  is  aduiteralcd.  Place  10  c.  c.  of  the  solution  in  a  large  test- 
tube.  Heat  a  spiral  of  copper-wire  red  hot  and  plunge  into  the  solu- 
tion. Repeat  this  five  or  six  times.  (This  converts  methyl  alcohol 
into  formaldehyd ;  the  further  test  is  for  this  substance.)  Filter. 
Boil  very  gently  until  the  odor  of  acetaldehyd  disappears.  Pour  into 
a  test-tube  and  cool.  Add  one  drop  of  !/i%  resorcin  solution ;  shake. 
Pour  a  portion  of  this  liquid  into  a  second  test-tube,  containing  con- 
centrated sulphuric  acid,  held  in  an  inclined  position,  so  that  the  two 
liquids  do  not  mix.  Let  stand  three  minutes  and  rotate  slowly:  A 
rose-red  ring  indicates  methyl  alcohol  (due  to  formation  of  for- 
maldehyd). 

J7.  Chloroform.— Add  some  NaOM  and  a  trace  of  resorcin:  Pink 
color  {Crismcr,  Schwarz). 

a8.  Chloral.— (o)  As  27:  gives  same  result. 

(ft)  Dissolve  in  water  and  add  NaOH:  odor  of  chloroform. 

J9.  Formaldehyd. —  Use  two  samples  of  milk,  one  pure,  the  other 
mixed  with  i  ;  5,000  absolute  formaldehyd. 

(o)  Hehner's  Test:  To  about  an  inch  of  cone.  H,SO,  in  test-tube 
add  few  drops  of  FeiCti  and  mix ;  pour  on  formalin  milk  without  mix- 
ing: Violet  zone.  In  applying  this  lest  to  pure  formaldehyd  solution, 
I  c.  c.  of  pure  milk  or  of  peptone  solution  must  be  added  to  5  C.  C,  of 
the  formaldehyd  solution. 

(ir)  Liebermann's  Test:  Mix  some  of  the  formalin  solution  with  a 
drop  of  5%  Phenol  solution  and  pour  cautiously,  without  mixing,  on 
some  cone.  HtSOi  in  test-tube ;    Crimson  zone. 

VI.  PRELIMINARY  TEST  FOR  INORGANIC  POISONS. 

30.  Reinsch'*  Test. —  Boil  a  slip  of  thin  bright  copper  foil  (about 
I  cm.  square)  in  a  lest-lube  with  10  e.  c.  of  concentrated  HCl:  If  the 
reagents  are  pure,  it  remains  bright.  Add  some  of  the  suspected  liquid 
(say  a  solution  of  arsenic)  and  boil  again  for  half  an  hour:  a  dark 
stain  may  denote  As,  Sb.  Hg,  Bi;  no  stain  proves  the  absence  of  these 

31.  Prelimiiui?  Tert  lor  Photpbonu.— Place  some  phosphorus 
water  in  a  small  bottle;  stopper  it  loosely  and  between  the  cork  and 
the  neck  of  the  bottle  suspend  two  pieces  of  filter  paper,  the  one  im- 
pregnated with  Silver  Nitrate,  the  other  with  Lead  Acetate.  If  the 
silver  paper  is  blackened  and  the  lead  paper  not,  the  presence  of  Phos- 

8 horns  is  rendered  probable.  (If  both  are  blackened,  this  indicates 
[,S.) 

(The  apparatus  for  distillation  with  steam,  the  Milscherlich  and  the 
Marsh  apparatus,  may  be  shown  in  operation.) 

33.  Inorganic  and  Organic  Iron.— The  medicinal  iron  preparations 
are  either  salts  of  iron,  or  the  iron  is  a  firmly  hound  constituent  of 
the  molecule.  The  first  class  (inorganic  irons)  give  the  ordinary 
iron  reaction;  the  tatter  (organic  or  masked  iron)  do  not, 

(a)  Macallum'i  Reaction:  This  is  the  most  delicate:  a  drop  of 
fresh  'A  hematoxylin  solution  gives  a  blue-black  color  with  inor- 
ganic iron  but  not  with  organic.  The  test  is  best  applied  to  the  dry 
substance  or  concentrated  solution.  Confirm  that  the  following  prepara- 
tions are  correctly  classed : 

Inorganic:     Ferric  sulphate.  Organic;     Dried  blood. 

Scale  salt  of  iron.  Egg  yolk. 

Iron  albuminate.  Iron  Somalose, 
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(ft)  The  action  of  dilute  hydrochloric  acid  liberates  the  inorganic 
iron  from  some  of  the  masked  compounds,  but  not  from  others.  To 
demonstrate  this,  add  a  little  ^%  hydrochloric  acid  and  a  drop  of 
potassium  ferrocyanid  to  ovoferrm  and  to  egg-yolk,  and  boil ;  The  first 
gives  the  Prussian  blue  reaction,  the  second  not. 

Lay  some  alcohol  hardened  sections  of  spleen  in  the  ferrocyanid, 
and  others  in  the  acid-ferrocyanid  mixture.  Spleen  contains  loosely 
bound  organic  iron  (ferratin)  and  therefore  colors  in  the  acid  mixture, 
but  not  in  the  plain  ferrocyanid. 

33.  Sweetening  Agents.—  Determine  the  sweetening  power  of 
Lactose,  Glucose,  Levulose,  Glycerin,  and  Saccharin,  as  compared  with 
1%  Cane  Sugar,  Start  with  a  10%  solution  of  the  first  four,  and  a 
0.01%  solution  of  saccharin.  (The  experiment  may  be  divided  be- 
tween several  students.)  Dilute  the  solution  to  be  compared  with  an 
equal  quantity  of  water,  and  continue  until  it  tastes  less  sweet  than  the 
cane  sugar.  Then  try  two  dilutions  between  this  and  the  preceding. 
Note  that  the  taste  differs  somewhat  qualitatively.  Tabulate  the  con- 
clusions as  multiples  of  cane  sugar  if-  >■>  saccharm  =  300  X  cane). 

SUPPLEMENT  TO  EXERCISE  10. 
The  preceding  exercise  should  be  supplemented  by  the  examination 


of  unknown  substances;  the  use 

of  text-books  being  permitted.    For 

instance : 

I,  a  and  b: 

Nitrogen? 

2.  a  and  b: 

An  alkaloid? 

Do  the  substances 
or  solutions  sub-, 
mitted     to     you 

3,  a,  b,  and  t 
1  4,  0,  b,  and  i 

5,  a,  b,  and  ( 

6,  a,  6,  and  t 

r.-     Caffein  or  morphin? 

:.-     Opium? 

■.-    Veratnn  or  quinin? 

-.■     Salicylic,  hydrocyanic,  or  carbolic 

7,  a.  b.  and  < 
.  8,  a,  b,  and  i 

■;    An  oxalate  or  acetate? 

.-     Phenacetin,  salol,  or  acetanilid? 

EXEROSE   11.— DETECTION    OF   PRESERVATIVES    IN 
MILK. 

Study  after  Chapter  V  or  XVII. 

A  pure  and  an  adulterated  sample  should  be  submitted  for  each 
test,  the  student  being  required  to  detect  which  is  adulterated.  The 
following  proportions  may  be  used,  per  liter  of  milk;  Formaldehyd, 
0.1  c,  c.  of  formalin;  salicylic  acid,  0.2  Gm. ;  benzoic  acid,  0.5  Gig.; 
borax,  1.5  Gm.  The  preliminary  distillation,  evaporation  and  incinera- 
tion may  be  performed  by  members  of  the  class,  or  by  the  demonstra- 
tor; the  products  being  examined  by  students  in  pairs. 

I.  Fomuldehyd.— As  a  preliminary,  apply  Hehner's  test  (29  ". 
Ex.  10)  directly  to  the  milk ;  then  distill  100  c-  c.  of  the  milk,  cojlect- 
ing  the  first  to  c.  c.  of  the  distillate.  Mix  s  c.  c._  of  distillate  with  i 
c.  c.  of  pure  milk,  and  apply  Hehner's  test  ("Exercise  10,  No.  2g). 

3.  Salicylic  and  Benzoic  Acid.—  Evaporate  50  c.  c.  to  dryness  on 
water  bath ;  extract  with  alcohol  acidulated  with  HCI ;  neutralize  the 
filtered  extract  with  ammonia;  evaporate  to  small  bulk  and  extract 
with  water.     Test  by  Ex.  10,  No.  21   (a)   and  22   (a).  _     _ 

3.  Borax  or  Boric  Acid,— Evaporate  20  c.c,  to  dryness;  mcmerate 
with  NaHa;  dissolve  in  HO:  moisten  strip  of  turmeric  paper  with 

'  No  solulion  contain!  more  th»n  one  luteHnce. 

-S,  M.—  No.  33. 

,S.  M.—  Unknown   solutioni. 

S.  M.— Pur*  >Dd  prcaervcd  milk,  etc.- S«  exercise  11. 
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this  solution;  dry  at  100°  C. :  red  color,  changed  to  black  by  sodium 
hydrate. 

EXERCISE  12.— TOXICOLOGIC  ANALYSIS    (Of>tionct). 


It  is  better  lo  let  the  beginner  know  to  which  analytic  group  the 
poison  belongs.    The  following:  may  be  suggested: 

Free  Add  and  Alkali. 

Vololile  PoiJotLs.— Phenol,  HCN,  Turpentine,  Phosphorus  (also 
with  admixture  of  alcohol).  Chloroform,  Chloral,  Formaldehyd,  Nitro- 
benzol. 

Fixed  Organic  Poisont. —  Acetanilid,  Morphin  (also  in  presence  of 
quinin  and  cafFein)  :  Aconite,  Digitalis,  Strychnin  (also  in  presence  of 
Aloes),  Oxalic  Acid,  Atropin,  Picrotoxin. 

Metals.—  As,  Sb,  Hg  (also  in  presence  of  Bi),  Pb.  Quantitative  esti- 
mation of  As.  Arsenic  in  wall-paper.  Excess  of  lead  in  solder.  Ex- 
cess of  copper  in  preserved  peas. 

EXERCISE  13.— TESTING  FOR  DRUGS  IN  THE  URINE 

Study  in  connection  with  Chapter  V  or  VII. 

The  drugs  mentioned  in  the  text  may  be  distributed  amongst  the 
students.  The  urines  should  be  collected  for  24  hours,  the  time  of 
collection  of  each  sample  being  noted.  The  samples  are  to  be  dis- 
tributed so  that  each  student  need  analyze  but  one  specimen  for  each 
drug.  A  reporter  should  be  appointed,  who  will  collect  and  tabulate 
the  results  of  the  entire  class,  and  render  a  report  at  the  next  meeting. 

The  notes  should  indicate  when  the  excretion  of  each  drug  is  first 
observed,  when  it  reaches  its  maximum,  and  whether  it  disappears 
again  during  the  period  of  collection.  These  data  will  be  gathered 
from  the  class-report. 

Explanatory. —  Many  drugs  are  excreted  by  the  urine;  some  un- 
changed, such  as  quinin,  iodid,  etc.;  others  after  having  undergone 
partial  decomposition  or  other  chemic  changes  during  dieir  sojourn 
in  the  body  (acetanilid,  salol,  chrysophanic  acid,  santonin,  etc.).  The 
original  drug  or  its  derivative  may  then  be  demonstrated  in  the  urine. 
This  may  be  important  in  toxicology,  or  to  the  physician  who  may  be  in- 
terested in  seeing  whether  the  patient  is  following  his  directions. 
These  reactions  (particularly  the  salol.  methylen  blue,  and  iodid),  are 
also  utilized  to  study  the  rapidity  of  absorption  and  excretion  in  path- 
ologic conditions.  Many  drugs  are  so  altered  in  the  body  that  thejr 
cannot  be  found  in  the  urine. 
Experiments; 

I.  Indopbenol  Reaction.—  (Given  by  Acetanilid.  Phenacetin,  and 
other  phenetidin  derivatives): 

Use  urine  after  taking  0.3  Gms.  of  Acetanilid.  To  about  10  z.  c.  of 
urine  add  !4  volume  of  concentrated  HO ;  boil ;  allow  to  cool ;  add  >4 
volume  of  5%  carbolic  acid,  and  a  few  drops  of  pot.  bichromate  solu- 
tion; red  color;  add  ammonia:  blue  color.  (The  acetanilid  is  excreted 
as  a  paramidophenol  compound  with  glycucuronic  and  ethyl-sulphuric 
acid ;  the  paramidophenol  is  liberated  hy  the  HQ,  and  gives  the  above 

a.  Salol.— Urine  after  taking  0.3  Gms.  of  Salol: 
Acidulate  a  little  of  the  urine  in  a  test-tube  with  strong  sulphuric 
acid ;  add  an  equal  volume  of  ether,  shake,  draw  oflf  the  ether  with  a 
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pipene  into  another  test-tube,  add  to  it  an  eqtui  volume  of  water,  and 
a  drop  of  ferric  chlorid ;  shake :  violet  color, 

J.  Chryaophanlc  Acid. —  (Appears  in  the  ufine  after  taking  senna, 
rhubarb,  cascara  sagrada,  etc.)  Use  urine  after  taking  3  c,  c.  of  Fluid- 
ext.  Rhei. 

The  urine  is  reddish  brown.     Add  some  NaOH :  deep  red  color. 

4,  Scntonln. —  Urine  after  0.03  Gm.  Santonin. 

The  urine  has  a  lemon  yellow  color.  Add  NaOH ;  pink  or  red. 
The  (unknown)  coloring  matter  is  not  precipitated  ^y  lime  water 
(difference  from  chrysophanic  acid,  Munk,  1878).  If  it  is  shaken  with 
ether,  it  passes  into  this  solvent. 

5.  Alkaloids  (Qulnla).— Urine  after  0.2  Gm.  Quinin. 
Acidulate  with   dilute  sulphuric   acid  and  add   drop  of  mere.  pot. 

iodid ;  precipitate. 

5.  Copaiba.—  (Urine  after  10  Gm.) 

(o)  Add  cone.  HCl :  red  color,  becoming  violet  on  heating.  The 
Spectroscope  shows  bands  in  the  blue,  green,  and  orange.  (Quincke, 
1883).    The  reaction  is  not  produced  by  all  samples  of  the  drug. 

(b)  Add  ammonia:  light  brown  or  blui-iih  fluorescence. 

(c)  Boil:  precipitates:  add  alcohol;  dissolves. 

(4)  Test  for  sugar:  the  result  is  often  positive  (due  to  glycuronic 

7.  Mctbylen  Bine— (Urine  after  o.i  Gm.) 
The  urine  has  a  blue  or  green  color,  after  30  t 

'  colorizing  under  the  action  of  bacteria.) 

oS"! 

(6)  Add  a  few  drops  of  NaOH,  boil  and  add  a  few  drops  of  1% 
glucose*  solution:  the  color  disappears,  but  reappears  on  shaking. 

8.  Iodid. —  (Urine  after  0.3  Gms.  of  potassium  iodid.) 

Add  a  few  drops  of  dilute  sulphuric  acid,  a  little  10%  NaNOi,  and 
some  2%  starch  paste ;  bluish  color. 

9.  Antlpyrln.— (Urine  after  0.3  Gm.)  Add  a  few  drops  of  FeiCUi 
reddish-brown  color. 

10.  Methyl  calicyUte.— Rub  2  c,  c.  of  oil  of  wintetgreen  into  the 
skin.  Test  the  urine  as  for  salol.  (This  also  illustrates  absorption 
from  the  skin.) 

11.  Sodium  Acetate  or  Citrate. —  Empty  the  bladder  and  note  that 
the  reaction  of  the  urine  is  acid  to  litmus.  Take  10  Gm.  of  the  salt, 
dissolved  in  water.  The  reaction  of  the  urine  will  be  found  alkaline 
after  a  few  hours,  the  organic  salt  being  oxidized  to  carbonate  in  the 
body. 

EXERCISE  14.— CHEMIC  ANTIDOTES. 

Study  in  connection  with  Chapter  V.  p.  88,  Consult  Exercises  18  C 
and  29  for  the  application  of  antidotes  to  animals. 
Explanatory.— One  of  the  first  objects  in  treating  a  case  of  poison- 
ing is  to  render  the  poison  insoluble,  thereby  delaying  its  absorption. 
The  agent  which  is  used  for  this  purpose  must  itself  be  almost  harm- 
less, so  thaf  it  can  be  given  in  unlimited  quantity.  With  this  restric- 
tion, any  precipitant  may  be  used.  (It  is  useful  to  remember  that 
these  precipitants  are  generally  employed  as  tests  tor  the  substance.) 
The  subject  is  also  simplified  by  the  fact  that  the  same  chemic  antidotes 
are  used  for  all  alkaloids. 

Notes. —  State  your  observations :   explain  the  chemic  changes. 

Conclusions. —  Tabulate  the  chemic  antidotes  for  alkaloids,  metals, 
lead,  barium,  oxalates,  phosphorus. 

<  The  arine  often  concain)  enougb  rfduejng  subttancc  to  decolorize  on  faeattnt, 
even  without  the  addition  ot  glucose.     This  may  be  tried. 
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ExperimentB: 

1.  Alkaloids  and  Tanttin.—  (a)  To  some  '/,.%  solution  of  Strychnin 
Sulphate  add  a  little  infusion  of  lea:  large  precipitate:  Add  to  half  of 
this  some  alcohol,  to  the  other  half  some  dilute  HCI ;  The  precipitates 
dissolve. 

(&)   Repeat  with  '/>•%   Morphin   Sulphate:   only  a   slight  precipitate, 
(c)   Repeat   (o)   with  coffee  infusion;  only  a  slight  precipitate. 
Tannin  is  an  efficient  precipitant  of  some  alkaloids,  but  not  of  others 
(see  page  8g).     Coffee  is  less  efficient  than  tea.     The  precipitates  dis- 
solve in  alcohol  and  in  dilute  acids. 

2.  Alkaloids  and  lodin. —  To  some  saturated  aqueous  Quinin  Sul- 
phate add  some  solution  of  iodin  in  KI:  large  precipitate.  Add  some 
alcohol:  the  precipitate  dissolves. 

3-  Alkaloids  and  Permanganate. —  To  some  quinin  solution  add  solu- 
tion of  KMnO. ;  brown  precipitate.     Add  alcohol :  no  solution. 

The  reactions  2  and  3  apply  to  all  alkaloids,  so  that  these  reagents 
may  be  considered  universal  alkaloidal  antidotes. 

4.  Metals  and  Tannin. —  (a)  Add  some  tea  to  Lead  Acetate:  large 
precipitate.  Add  to  half  of  thi?,  some  alcohol:  no  solution;  to  the 
other  add  dilute  HCI:  The  tannate  is  decomposed  and  lead  dilorid 
is  precipitated. 

(b)  Repeat   (a)   with   HgQi:  very   little  precipitate. 

(c)  Repeat  (□)  and  (b)  with  coffee:  results  similar  10  tea. 

Some   metals   are    precipitated   by   tannin,   others   not.     The   precipi- 
tates are  insoluble  in  alcohol,  somewhat  soluble  in  dilute  acids. 
Coffee-tannin  is  also  effective,  but  less  than  tea. 

5.  Metals  and  Proteids. —  Mix  some  HgClt  and  albumin  solutions: 
large  precipitate :     Practically  all  metals  are  precipitated  by  proteids. 

6.  Barium  and  Sulphates. —  To  some  banum  chlorid  solution  add 
NaiSOi  solution:  white  precipitate. 

7.  Oxalates  and  Calcium. —  To  a  solution  of  potassium  oxalate  ad<t 
some  Ca(OH)i:  precipitate. 

8.  Phosphorus  and  Copper. —  Drop  a  small  piece  of  phosphorus  into 
3  dilute  solution  of  CuSOt:  The  phosphorus  is  soon  covered  with  a 
film  of  metallic  copper. 

EXERCISE    15.— CHEMIC   CORROSIVES.— ACTION   ON    PRO- 
TEIDS AND  BLOOD. 

Study  in  connection  with  Chapter  XXVIIL  Also  consult  plates  in 
Von  Hofmann's  Atlas  of  Legal  Medicine. 

Explanatory. —  All  substances,  which  enter  directly  into  dtemic 
combinations  with  proteids,  produce  local  effects,  i.  e.,  they  act  at  the 
place  where  they  are  applied.  The  action  results  in  inflammation ; 
these  substances  are  therefore  irritants;  if  the  action  is  at  all  violent, 
the  cells  are  killed.  If  the  combination  of  the  reagent  and  protoplasm 
is  fluid,  the  tissue  is  dissolved.  This  is  termed  corrosion  or  cauleriea- 
tion.  It,  on  the  other  hand,  the  action  is  mild,  and  the  product  in- 
soluble, the  effect  is  astringent;  i.  e..  mucous  membranes  are  constricted 
and  puckered,  and  the  phenomena  of  a  pre-existing  inflammation  are 
lessened.  TTiese  precipitates  also  serve  to  stop  the  lumen  of  bleeding 
vessels,  and  are  therefore  styptic  or  hemostatic. 

It  is  therefore  important  to  know  whether  the  action  of  these  agents 
results  in  orecipitation  or  solution.  This  may  be  studied  on  isolated 
proteids.  It  must  be  remembered,  however,  that  the  effects  depend 
greatly  upon  the  concentration  of  the  reagent:  the  precipitates  often 
re-dissolve  in  an  excess  of  the  reagent  or  of  the  proteid. 

The  color  of  the  compounds  is  often  important  in  diagnosis. 
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NoUt.— State  the  results  (color,  precipitation,  solution):  state 
wbethcT  the  addition  of  more  reagent  modifies  these  results. 

Conclusions.— Tabulate  the  results  to  show  the  reagents  which  pre- 
cipitate, those  which  dissolve,  and  those  which  first  precipitate  and 
then  dissolve. 

Which  of  these  drugs  could  be  applied  as  hemostatics? 

Which  give  characteristic  color  changes? 

Exerclaes: 

I.  On  Protelda  (Egg  Albnnten). —  Place  in  each  of  twelve  test-tubes 
half  an  inch  of  a  solution  of  egg-albumen,  (The  white  of  2  eggs  to 
aoo  C,  c.  of  water,  strained.)  Add  the  following  reagents  (the  usual 
solutions),  drop  by  drop: 

(I)  HgCl,;  (2)  AgNO.;  {3)  CuSO.:  (4)  FcCl.  (tincture);  (s) 
Lead  acetate;  (6)  H.SO.;  (7)  HCl;  (8)  HNO.;  (9)  NaOH;  (lo) 
Carbolic  acid  (strong);  (11)  Alcohol;  (12)  Tannin  [6,  7,  S,  10,  and 
II :  full  strength]. 

A  white  precipitate  is  given  by  HgO.  AgNO.,  Pb(C.H.O.)..  H.SO., 
HCl,    CMX),    CiH.O,    and    tannin ;    a    greenish-while    precipitate    by    , 
CuSOi!  a  yellowish -brown  precipitate  by  FeiCU;  yellow  precipitate  by 
HNOi    NaOH  gives  no  precipitate. 

Excess  of  the  reagent  redissolves  the  precipitate  in  the  case  of  acids, 
but  not  with  the  other  precipitants.  (The  reagents  which  redissolve 
the  precipitate  are  apt  to  penetrate  more  deeply  into  tissues.) 

[|.  On  Defibrinated  Blood.—  Place  about  2  c,  c.  of  defibrinated 
blood  into  12  test-tubes,  and  add  the   reagents  as  in   I. 

A  black  or  brown  clot  is  formed  with  Fe.Clfc  H,SO.,  and  HNO.;  a 
brown  or  dark  precipitate  with  CuSOi,  HCl,  and  NaOH ;  a  pink  or 
light  red  precipitate  with  CsH<0,  CtHiO,  and  tannin ;  a  gray  pre- 
cipitate with  HgCl)  and  ApNOi.  Excess  of  the  reagent  redissolves 
the  precipitate  with  a  brownish-red  color  in  the  ease  of  acids,  and  with 
a  garnet  color  in  the  case  of  soda.  The  others  do  not  redissolve. 
Cllie  colo'  is  due  to  acid  hematin  in  the  case  of  acid,  to  alkali  hematin 
in  the  case  of  NaOH.) 

EXERCISE    16.— CHEMIC    CORROSIVES.    CONTINUED.— 
ACTION  ON  EXCISED  TISSUES. 

Explanatory. —  These  experiments  are  a  further  application  of  the 
preceding  exercise.  It  will  be  seen  that  the  effect  depends  somewhat 
on  the  situation ;  the  skin  is  generally  more  resistant.  The  character 
of  the  stain  can  be  studied  more  satisfactorily ;  also  the  rapidity  of 
penetration. 

Notes. —  Record  the  results. 

Conclusions. —  Tabulate  your  results  to  show  which  agents  produce 
hardening,  which  sofienrng ;  which  characteristic  stains :  which  act 
deeply  and  which  superficially.  Which  are  the  most  powerful  depila- 
tories (1.  e..  removing  hair). 

I.  Corrosion  of  Skin. — Place  bits  of  fresh  mammalian  skin  into 
test-tubes  containing  concentrated  H,SO,,  HO,  HNO.,  NaOH,  and 
C.H.O.  Leave  for  is  minutes,  rinse  in  water,  and  note  the  effect  on 
the  hair,  and  on  the  epithelial  and  connective -tissue  surfaces. 

With  the  acids,  the  cfiilhelial  surface  becomes  first  white,  hard,  and 
somewhat  shrunken.  With  more  prolonged  action  it  is  gradually  soft- 
ened. With  HCl  it  remains  white:  HNO..  light  yellow;  H.SO.. 
brownish.  C.H.O  causes  a  more  pronounced  shrinking,  puckering,  and 
hardening,  without  subsequent  softening.  NaOH  softens.  The  hair 
is  softened  and  dissolved  by  the  NaOH.  more  slowly  by  the  acids.  It 
is    not    affected   by    C.H.O.     The   conneclive-lissue   is    rendered   softer 
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and  transparent  and  is  finally  dissolved  by  the  NaOH  and  the  acids, 
and  stained  as  the  epithelium.  The  carbolic  acid  affects  it  as  it  does 
the  epithelium. 

II.  Corrosion  of  Mucous  Membranea. —  Slit  c^en  a  piece  of  fresh 
dog's  intestine,  3  inches  long,  and  flatten  it,  epithelial  surface  up. 
With  a  glass-rod  apply  a  drop  of  the  reagents  used  in  I.  Observe 
during  15  minutes.  Note  the  character,  color,  and  depth  of  the  effect 
See  whether  the  epithelium  detaches  more  readily.  The  acids  first 
turn  the  epithelium  white  and  hard,  but  soon  softer  and  darker.  The 
underlying  tissues  appear  white  and  hard,  as  if  cooked.  The  epithelium 
is  readily  detached.    The   action  extends   deepest  with   HNOt    This 

SVes  a  yellow  tinge  to  the  slain.  HiSOt  gives  a  brownish  color. 
H.0  acts  as  it  does  on  the  skin;  its  effect  extends  deeply.  NaOH 
first  softens  the  tissues,  and  then  renders  them  gelatinous.  The  epi- 
thelium scrapes  off  verv  readily. 

III.  Corrosion  of  Mnscle.—  Place  bits  of  muscle  into  the  reagents 
used  in  I,  and  observe  dtiring  15  minutes.  Rinse  in  water  and  note  ap- 
pearance and  consistency. 

HiSOi  and  HCI. soften  the  muscle,  without  swelling  it;  the  color 
becomes  a  deeper  red ;  the  muscle  then  gradually  disintegrates,  dis- 
solving entirely,  with  a  garnet  color,  in  the  case  of  the  HiSC  In 
HNOi  the  muscle  shrinks  and  hardens,  the  color  changing  to  yellow 
or  brown,  with  partial  solution.  In  OHiO,  the  muscle  is  bleached, 
shrinks,  and  becomes  hard,  assuming  a  "  cooked  "  appearance.  NaOH 
causes  the  muscle  to  become  red  and  swollen ;  the  outer  layers  soften, 
become  gelatinous,  and  dissolve  to  a  red  solution. 

IV.  CMgulatioii  of  Muscle.— Trace  a  bit  of  fresh  frog's  muscle 
in  normal  saline  on  a  slide,  examine  with  the  lower  power  of  the 
microscope:  add  a  drop  of  concentrated  HiSOi  and  observe  the  results. 
Repeat  with  the  other  reagents  mentioned  in  I,  and  also  with  1%  caf- 

The  acids  cause  the  fibers  to  shrivel  and  to  become  contorted ;  they 
[um  granular  and  opaque,  the  striations  are  lost,  and  gradual  solution 
occurs.  CiHiO  acts  at  first  like  the  acids,  but  there  is  no  solution. 
NaOH  causes  the  fibers  to  swell,  to  become  transparent,  and  to  grad- 
ually dissolve.    Caffein  produces  a  granular  opacity. 

EXERCISE   17.— CHEMIC  CORROSIVES,  CONTINUED,— 
STAINS  ON  HUMAN  SKIN. 

Bxplsnatory.—  It  will  be  seen  that  the  observations  made  on  excised 
tissues  appl)^  also  to  the  human  skin.  The  stains  may  be  removed  in 
the  manner  indicated  in  the  experiment. 

Check  the  results. 

Exercises.—  i.  Apply  to  the  intact  skin  of  the  forearm  a  drop  of 
concentrated  nitric  acid.  Wash  off  as  soon  as  there  is  itching.  An 
intensely  yellow  stain  develops.  Apply  a  drop  of  ammonia,  the  stain 
turns  to  an  orange  brown  (xanthoproteic  reaction).  It  is  very  lasting 
and  wears  off  only  as  the  skin  is  desquamated. 

2,  Apply  to  another  place  a  drop  of  saturated  picric  add;  yellow 
stain.     Apply  ammonia;  the  stain  is  removed. 

3,  Apply  concentrated  sulphuric  acid  and  hydrochloric  acid  to  differ- 
ent places:  wash  off  as  in  i;  there  is  no  stain,  but  redness. 

4,  Apply  strong  alcoholic  solution  of  methylcn  blue;  wash  off  after 
one  hour.  The  stain  is  not  removed  by  water,  but  by  rubbing  with 
dilute  ammonia. 

5,  Apply  a  drop  of  tincture  of  iodin,  leave  for  five  minutes;  ma- 
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hogany  stain  which  cannot  be  washed  off.    Apply  ammonia,  the  stain 
is  removed  (formation  of  soluble  NH,I). 

6.  Apply  a  drop  of  10%  AgSQt  solution  and  leave  it ;  a  black  atain 
develops  quite  slowly.  It  cannot  be  removed  by  water.  Apply  a  drop 
of  tincture  of  iodin  and  then  ammonia;  the  stain  disappears  (Agl  i» 
formed  and  this  is  soluble  in  ammonia). 

7.  Apply  AgNO,  as  in  6  (being  careful  that  the  skin  is  not  abraded)  ; 
rinse  ihe  stain  with  some  dilute  solution  of  KCN;  it  disappears  (for- 
mation of  the  soluble  double  cyanid). 

8.  Carbolic  Acid. —  Consult  the  next  exercise. 

EXERCISE  18.— PHYSIOLOGIC  EFFECTS  OF  IRRITANTS. 

Study  in  connection  with  Chapter  XXVIII, 
Explanatory. —  The  tissues  respond  to  irritants  by  the  phenomena  of 
inflammation.  Four  successive  stages  may  be  recognized  itt  the  skin: 
(i)  Rubefactton,  or  reddening  wiin  pain  and  itching;  (2)  Vesication, 
or  blistering;  (3)  Pustulation,  the  formation  of  isolated  pustules;  and 
(4)  Corrosion,  or  destruction  of  tissue.  The  degree  of  the  action 
depends  on  the  nature  and  the  concentration  of  the  irritant.  The 
rapidity  of  action  is  also  variable.  Chloroform  and  turpentine,  for 
instance,  act  quickly,  but  scarcely  progress  beyond  rubefaction ;  can- 
tharides,  croton  oil,  and  antimony  act  slowly,  but  progress,  the  first 
to  vesication,  (he  last  two  to  pustulation.  A  quick  action  is  generally 
associated  with  volatility.  Vesication  demands  that  the  Irritant  should 
remain  in  the  skin  sufficiently  long  to  produce  an  inflammatory  exudate 
imder,  the  impermeable  stratum  corneum.  Pustulants  have  a  specific 
chemotactic  power  on  leucocytes. 

Mucous  membranes  show  only  rubefaction  and  corrosion ;  the 
anatomic  conditions  being  unsuitable  for  vesication  or  pustulation. 
The  mouth,  however,  is  an  exception,  for  vesication  may  occur  here. 
Irritation  of  mucous  membranes  is  also  characterized  by  catarrh  —  i,  e., 
increased  excretion  of  mucus.  This  is  diminished  by  aitringtnts. 
These  also  cause  puckering. 
Irritation  of  the  lower  portions  of  the  alimentary  canal  is  studied  in 

The  treatment  of  irritation  consists  in  the  removal  of  the  irritant  and 
the  application  of  fais,  glycerin,  or  mucilage.  This  may  be  studied  on 
carbolic  acid. 

Record  your  observations.     Draw  the  conclusions. 

The  exercises  marked  *  are  optional, 

Exerclaci.— A.  IrriUnts  on  the  Skin.— i.  Rubefaction.— Rub  a 
little  chloroform  on  the  arm.     Note  the  burning  and  reddening, 
form  on  the  arm.     Note  the  burning  and  reddening, 

'a.  Vesication. —  Apply  some  cerate  of  caniharides:  vesication  after 
some  hours.     (Wash  off  the  excess  of  the  cerate  with  alcohol,) 

■  3.  Pustulation. —  (o)  Apply  a  drop  of  a  25%  solution  of  croton 
oil  in  cottonseed  oil  to  the  skin  of  the  arm;  a  pustular  eruption  is 
developed  after  some  time. 

(6)  Apply  some  10%  ointment  of  tartar  emetic:  pustular  eruption. 
(The  tartar  emetic  is  decomposed  and  rendered  irritant  by  the  acid 
secretions  of  the  cutaneous  glands,  and  the  pustulation  remains  there- 
fore confined  to  the^e), 

B:  Irritants  on  Mucous  Membranes.— *  4-  Snuff      a      very     little 
mixture  of  one  part   of  veratrin   and   SOO  parts  of  starch.     Sneezing, 
and  all  the  phenomena  of  acute  coryza. 
,    s.  Shake  a  bottle  containing  soap-bark  and  smell  it.    Sneezing. 

6.  Place  a  drop  of  ten  times  diluted  tincture  of  aconite  on  the  tip  of 
the  tongue;  persistent  tingling  sensation. 
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7.  Place  a  drop  of  Tr.  lodin  on  inner  surface  of  lip :  blister. 

8.  Observe  the  attringent  iaste  of  a  5%  solution  of  alum,  or  of  Tr. 
Ferri  Chlor. 

C.  Treatment  of  Irritation  (Carbolic  Acid).— 9.  Arrange  5  small 
beakers  in  a  circle  so  that  the  lingers  can  be  plunged  into  them  simul- 
taneously. Fill  these  beakers  with  5%  carbolic  acid  in  (a)  water; 
(6)  25%  alcohol;  (c)  25%  glycerin;  (d)  turpentine;  (c)  cottonseed 
oil. 

Insert  the  five  fingers  of  the  left  hand,  one  in  each  solution ;  keep  in 
for  live  minutes,  withdraw  and  note  the  blanching  and  wrinkling,  the 
tingling  (felt  especially  on  pressing  the  fingers  against  a  table),  and 
the  anesthesia. 

The  effects  (especially  the  blanching)  are  greatest  in  the  water;  much 
less  in  the  alcohol  and  glycerin ;  practically  absent  in  Ihe  oil. 

Rinse  the  finger  which  has  been  in  the  watery  solution  in  a  liberal 
quantity  of  water:  the  blanching  persists.  Rinse  it  in  95%  alcohol: 
the  blanching  disappears. 

10,  Pour  a  halt-inch  of  undiluted  egg-white  into  two  test-tubes; 
pour  over  this  (without  mixing),  in  (a)  an  equal  volume  of  5% 
phenol  in  water;  to  (b)  in  oil.  (a)  precipitates  at  once,  (6)  very 
slowly.  The  phenol,  being  very  soluble  in  oil,  does  not  pass  into  the 
watery  egg-white. 

Explanatw?.— The  re^rents  (b)  to  (?)  of  Exp.  9  are  all  better 
solvents  for  carbolic  acid  than  is  the  skin;  ihey  consequently  lessen 
the  penetration  of  the  phenol  and  hence  its  effects  (Exp.  10),  (These 
solutions  of  phenol  are  therefore  also  much  less  efficient  as  antiseptics 
than  are  watery  solutions.)  The  glycerin  and  cottonseed  oil  act  in 
addition  in  virtue  of  their  viscidity  (1.  e.,  as  emollients),  hindering 
the  access  of  new  layers  of  the  solution  to  the  skin.  This  makes  them 
more  effective  in  the  treatment  of  carbolic  bums;  but,  on  the  other 
hand,  it  hinders  the  washing  off  of  the  phenol.  Lavage  of  the  stomach 
with  10%  alcohol  is  the  best  local  treatment  in  internal  carbolic  acid 
poisoning.  For  burns  on  the  skin,  the  surface  should  be  rinsed  with 
the  dilute  alcohol  and  then  dressed  with  glycerin  or  oil.  This  treat- 
ment does  not  lessen  the  effects  of  the  carbolic  acid  which  has  been 
already  absorbed  (except  that  still  present  in  the  superficial  layers). 
The  systemic  eflects  of  phenol  are  best  treated  with  intravenous  in- 
jection of  sodium  sulphate.     (Consult  Exercise  59,  No.  5  and  6.) 

"11  (Optional).  Dip  the  tips  of  two  fingers  into  undiluted  liqui- 
fied carbolic  acid  for  one  minute.  Very  little  burning  is  felt,  but  the 
skin  becomes  white.  Now  rinse  the  one  finger  in  water,  the  other  in 
25%  alcohol.  The  latter  removes  the  blanching  but  not  the  sensory 
phenomena.  It  is  effective  against  the  superficial  actions,  but  not 
against  those  which  are  situated  more  deeply.  Glycerin,  oil,  or  turpen- 
tine act  like  alcohol.  Rinse  the  other  tinRer  in  the  alcohol.  There 
will  be  some  subsequent  roughening  and  chapping  of  the  skin. 

EXEROSE  19.-  EFFECT.  OF  DRUGS  ON  FERMENTS. 

Study  in  connection  with  Chapters  VII   and  XVII. 
Explanatory.—  Many  chemic  changes  within  the  living  organism  are 

brought  about  by  the  aid  of  ferments  or  catalysators ;  i.  e.,  substances 
which  greatly  hasten  specific  reactions  without  being  themselves  per- 
manently changed.  Small  quantities  of  the  ferment  are  therefore 
effective.  The  coagulation  of  milk  or  blood ;  the  solution  and  hy- 
drolysis of  proteids  and  carbohydrates  in  digestion ;  the  phenomena  of 
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oxidation,  etc,  are  examples  of  these  actions.  The  ferments  may  act 
within  the  cells  (yeast),  or  they  may  be  secreted  (gastric  juice,  etc.). 
Organic  ferments  are  accelerated  by  moderate  and  destroyed  by  exces- 
sive heat;  they  are  injured  by  a  number  of  poisons,  notably  by  the 
antiseptics,  cyanids,  and  quinin.  With  the  last  two,  the  activity  reap- 
pears when  the  poison  is  removed.  Most  ferments  require  a  certain 
reacliOD  of  the  medium,  neutrality,  or  a  specific  degree  of  acidity  or  alka- 
linity. Certain  ferments,  especially  rennin  and  fibrin- ferment,  also  re- 
quire the  presence  of  calcium,  which  probably  participates  in  the  reac- 

Finely  divided  inorganic  matter  —  such  as  spongy  platinum  and 
other  metals  in  "  colloidal  solution  " —  also  act  as  ferments ;  probably 
by  "surface  action";  i.  e.,  by  condensing  molecules  on  their  extensive 
surface  and  thus  bringing  them  in  closer  contact.  It  is  remarkable 
that  these  inorganic  ferments  are  impeded  by  the  same  poisons  as  the 
organic,  and  in  correspondingly  small  quantities.  This  does  not  suffice 
to  establish  the  identity  of  the  mechanism  of  action  of  the  two  classes 
of  ferments.  With  the  inorganic  ferments,  the  retardation  is  doubt- 
less due  to  alteration  of  the  surface  produced  b^  chemic  actions. 

The  effects  of  ferments  are  generally  studied  m  physiology.  A  mare 
reference  to  them  stiffices.  The  comparison  of  the  retarding  effects 
of  poisons  requires  so  many  precautions  that  the  results  are  apt  to  be 
unsatisfactory  in  an  elementary  course.  The  experiments  are  therefore 
made  optional, 

Experimenta.— (See  Stewarts  Manual  or  Practical  Physiology, 
Beddard,  etc.,  for  the  details  of  these  experiments.) 

A.  Physiology  of  FermcntB. —  I.  Peptic  Digestion, —  Demonstrate 
the  solution  of  fibrin;  the  production  of  albumoses  and  peptones;  the 
influence  of  reaction  and  temperature. 

3.  Papain  Digestion. —  As  above.  Papain  is  a  vegetable  ferment; 
its  action  is  largely  independent  of  the  reaction  of  the  medium. 

3.  Pancreatic  Digestion. —  As  above.  Also  show  the  accelerating 
action  of  enterokinase  (the  scrapings  from  the  duodenal  mucosa), 
which  converts  the  inactive  trypsinogen  into  active  trypsin.  Also 
study  the  amylolytic  and  lipolytic  ferments  of  the  pancreas. 

4.  Coagulation  of  Milk.— Study  the  effect  of  rennin;  the  effect 
of  temperature  (about  40°  C.  is  the  optimum).  Confirm  that  the  coagu- 
lation does  not  occur  when  the  calcium  is  removed  by  excess  of  an  oxa- 
late, but  reappears  when  an  excess  of  calcium  chlorid  is  added.  The 
effect  of  the  addition  of  barley  water  and  formaldehyd  may  be  demon- 
strated.    The  former  gives  a  finer  clot ;  the  latter  inhibits  the  coagula- 

5.  Clotting  of  Blood.— Study  the  effects  of  temperature;  of  de- 
fibrination; of  magnesium  sulphate;  of  the  addition  of  oxalate  or 
citrate;  and  of  calcium.  Sodium  fluorid,  formaldehyd  (i  1400),  and 
leech  extract  retard  or  prevent  ;lie  coagulation.  Peptone  renders  the 
blood  non-coagulable  when  it  is  injected  intravenously;  but  not  when 
it  is  added  to  shed  blood, 

6.  Citratea  or  Tartrates,  when  added  to  Calcluni  in  the  molecular 
proportion  of  3  ;  1,  render  the  latter  inactive  without  precipitating  it. 
The  calcium  is  no  longer  precipitated  by  oxalates,  and  cannot  be  util- 
ized in  the  ferment- react  ions. 

7.  The  transformation  of  sulphur  Into  sulphid,  which  occurs  in 
the  intestine,  is  effected  at  least  in  part  by  proteids.  It  is  not  affected 
by  heat,  so  that  ferments  are  probably  not  involved;  Throw  some 
pieces  of  fresh  intestine  into  20  c.  c,  of  boiling  water.  Strain  into  a 
small  flask.  Neutralize.  Add  a  pinch  of  washed  sulphur.  Stopper, 
suspending  a  piece  of  lead  acetate  paper  from  the  stopper.  In  another 
ntmlar  flask  place  some  water,  sulphur,  and  lead  paper.    Observe  that 
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after  a  time  the  paper  in  the  intestinal  flask  becomes  blackened 
through  the  evolution  of  sulphuretted  hydrogen.  (Other  proteids 
give  the  same  result.     The  experiment  is  not  always  successful.) 

B.  Experiments  on  the  Retarding  Action  of  Polsona.— General 
Directions. —  Equal  quantities  of  the  solutions  of  the  ferment  and  the 
test  object  are  placed  in  test-tubes.  These  are  made  of  twice  the  opti- 
mum strength  in  acid  or  alkali.  To  each  tube  is  added  an  equal 
quantity  o£  the  drug  to  be  tested,  also  of  twice  the  desired  strength. 
Pure  Water  is  added  to  one  of  the  tubes  as  a  control.  The  tubes  are 
then  stoppered  and  digested  at  the  proper  temperature.  Every  precau- 
tion must  be  taken  to  have  the  conditions  perfectly  eqiml  for  all  the 
tubes  and  several   controls  must  be  made. 

The  following  poisons  are  suggested.  (Remember  that  the  final 
strength  is  one-half  of  that  given  here)  : 

Water;  Quinin  hydrochlorid,  i  and  2%;  Phenol,  i  and  5%:  Alum, 
5%  ;  Formaldehyd,  0.2  and  2%  ;  Mercuric  chlorid,  0.02  and  0.2%  ;  Al- 
cohol, 2,  10,  and  50% ;  Saturated  aqueous  solution  of  salicylic,  benzoic, 
and  boric  acid,  and  of  salol ;  Hydrocyanic  Acid,  2% ;  Caffein,  0.02%. 

8.  Saliva.— Use  a  mixture  of  a%  boiled  starch  and  saliva.  Add 
the  poisons.  Incubate  at  40°  C.  for  an  hour.  Add  an  equal  volume 
of  10%  NaOH.  Plunge  all  the  test-tubes  simultaneously  into  a  boiling 
water  bath.     Examine  the   depth  of  color. 

9.  Pepsin.— Use  a  0.1%  solution  of  U,  S.  P,  pepsin  in  0-4%  HO. 
Add  a  Metts'  albumen  tube  to  each  test-tube.  Add  the  poisons.  In- 
cubate at  40°  C.  for  a  day  and  note  the  amount  of  albumen  which  has 
been  dissolved. 

10.  Trypsin. —  As  in  9,  using  a  0,1%  solution  of  pancreatin  in  2% 
NajCOi,  with  the  addition  of  enterokinase, 

11.  Oxidase. —  Guaiac  resin  assumes  a  blue  color  when  oxidized. 
This  oxidation  occurs  even  when  the  resin  is  suspended  in  plain 
water,  but  very  slowly.  It  is  greatly  accelerated  by  oxidizing  fer- 
ments (oxidases),  which  are  present  in  all  living  protoplasm.  One 
may  use  diluted  defibrinated  blood,  or  potato  peelings  or  fresh  lettuce 
leaves  pounded  with  sand  and  water  and  strained.  These  are  placed 
in  test-tubes,  with  a  drop  of  fresh  guaiac  tincture  (0.  S.  P.).  The 
poison  solutions  are  then  added  and  the  depth  of  the  blue  color 
noted  from  time  to  time.  Prussic  acid  is  especially  effective  in  re- 
tarding this  oxidation.  CalTein  hastens  it  somewhat.  It  is  very 
greatly  accelerated  by  hydrogen  dioxid. 


Study  in  connection  with  Chapter  VII  and  XVII.    Also  consult 
Exercise  44, 

Explanatory. —  Poisons  are  divided  into  two  groups:  (1)  Those 
which  kill  all  forms  of  living  tissue  to  which  they  may  be  applied; 
and  (z)  Those  which  act  selectively,  i.  c,  which  have  a  much  stronger 
action  on  some  tissues  than  on  others.  The  first  are  called  general 
proioptasmic  poitons;  the  second.  muscU-nerve  poisons.' 

The  general  protoplasmic  poisons  are  again  subdivided  into  those 
which  act  also  on  dead  proteids  —  the  corrosives  —  and  those  which 
act  exclusively  on  living  cells  —  protoplasmic  poisons  in  the  restricted 
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The  effects  of  general  protoplasmic  poisons  are  studied  most  con- 
veni«ntlv  on  monocellular  organisms. 

The  boundary  between  the  general  proloplasjnic  poisons  and  the 
muscle-nerve  poisons  is  not  sharply  defined.  Many  of  the  typically 
selective  poisons,  such  as  strychnin,  are  toxic  to  all  tissues  when  they 
are  used  in  sufficient  concentration.  The  protoplasmic  poisons  also 
show  sonic  specialization,  Quinin,  for  instance,  kills  ameboid  cells 
much  more  readily  than  it  does  bacteria.  All  protoplasmic  poisons, 
however,  are  to  some  extent  bactericidal :  and  all  antiseptics  can  be 
counted  in  this  group. 

Experiments  (Optional.)— i.  BactcrU.— The  estimation  of  the  an- 
tiseptic  power  of  protoplasmic  poisons  belongs  to  the  domain  of  bac- 
teriology. The  drugs  mentioned  in  the  preceding  exercise  may  be 
tried. 

3.  Yeaat    Cell*.— (Demonstration.)— Make    a    fairly    concentrated 

suspension  of  yeast  in  35  c-c.   of  s%  glucose   solution.    Shake  and 

measure  out  three  portions  of  10  c.  c.  into 

/^  tcst-tubes._    Add  to  (a)    10  c.  c.  of  1/1% 


.  of  >A% 

Iter.    Fill 

tubes    (Fig. 
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quinin  solution; 
slryehnin;  to  (o  in  c.c. 
them  into  the  fermentatio 
121),  and  set  into  the  bath  {  „. 
the  upright  of  tube  in  (c)  is  almost 
filled  with  gas.  Note  how  much  gas  has 
been  evolved  in  the  other  tubes ;  it  will  be 
seen  that  the  quinin  has  the  greater  re- 
straining action,  but  the  strychnin  also 
hinders  the  gas  formation  somewhat. 

3.  InfuiorU.^  Macerate  a  little  hay 
in  water  for  several  days,  until  infusoria 
are  developed.  Place  a  drop  of  the  infu- 
sion on  a  slide  and  note  with  the  micro- 
scope the  movements  of  the  infusoria. 
Place  a  drop  on  each  of  four  slides;  add 
to  slide  (a)  a  drop  of  'A%  duirin;  (fc) 
y-,%  cocain;  (c)  >A%  strychnin;  (d) 
I  tube.  /"%  HgOi,  Cover  with  cover-glasses 
(interposing  a  hair  to  prevent  pressure) 
and  examine  at  once,  and  then  every  ten  minutes.  The  HgCli  kills 
the  infusoria  at  once,  fixing  them  in  their  original  elongated  shape. 
The  others  act  much  more  slowly;  the  movements  become  more 
sluggish,  and  finally  the  infusoria  contract  to  round  balls  and  die. 

The  quinin  kills  first,  then  the  cocain,  and  last  the  strychnin.  The 
observations  need  not  be  continued  after  the  animals  in  the  cocain  have 
died. 

4,  The  action  of  poisons  on  leucocytes  can  also  be  studied,  either 
with  the  warm  stage,  or  more  simply  by  leaving  them  with  finely  pow- 
dered animal  charcoal  for  an  hour  at  37°  C,  and  examining  whether 
they  have  taken  up  the  pigment.  (It  they  have  not  been  injured,  about 
8%  will  be  found  phagocytic.) 

5.  Quinin  on  Emigration  ol  Leucocytes.—  Dispose  a  frog  for  the 
observation  of  the  mesenteric  circulation  (see  page  706).  Apply  some 
1%  solution  of  quinin  hydrochloric  to  a  limited  space.  Observe  the 
effect.  Place  an  unpoisoned  portion  in  the  field  and  inject  I  or  a  c.c. 
of  the  quinin  solution  in  the  dorsal  lymph-sac.  Compare  the  results 
with  figure  73,  page  333.  Continue  the  observation  for  half  an  hour, 
if  necessary. 
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EXERCISE  21.— EFFECTS  OF  DRUGS  ON  HEMOGLOBIN. 

Study  in  connection  with  Chapter  VII  or  XVII, 

Explanatory.—  The  blood  pigment,  hemoglobin,  gives  a  characteris- 
tic absorption  spectrum  (Fig.  79,  page  378.)  It  is  easily  altered  by 
chemic  reagents,  with  corresponding  modifications  in  the  spectrum. 
This  is  sometimes  important  in  diagnosing  poisoning.  (It  is  not  neces- 
sary to  repeat  those  experiments  which  have  been  performed  in  the 
physiology  course.) 

Experiments.— Use  a  solution  of  four  parts  of  defibrinated  blood' 
in  100  parts  of  water  or  of  '/,.%  NaOH. 

1.  Oxyhemoglobin.—  Place  some  of  the  solution  in  a  test-tube  and 
examine  with  the  spectroscope  and  note  the  two  dark  lines,  between 
yellow  and  green   (diluting  if  necessary), 

a.  Reduced  Hemoglobin.— Add  a  few  drops  of  fresh  ammonium 
sulphid  to  the  test-tube :  notice  the  darker  color  and  observe  the  single 

3.  Carbon  Monoxld  Hemof^oUn.— (a)  Pass  some  coal  gas  through 
a  little  of  the  original  blood.  The  spectrum  is  almost  unchanged.  The 
color  h  a  deeper,  brighter  red.  Add  a  few  drops  of  the  sulphid:  The 
double  band  persists ;   there  is  no  reduction. 

Carbon  Monoxid,  which  is  the  principal  toxic  ingredient  of  coat  gas, 
acts  by  combining  so  firmly  with  hemoglobin  that  it  cannot  take  up 
oxygen.  Death  therefore  occurs  by  asphyxiation.  The  combination  is 
broken  up  by  a  great  excess  of  oxygen,  so  that  recovery  is  possible 
with  artificial  respiration  or  the  inhalation  of  oxygen. 

The  skin  and  mucous  membranes  are  of  a  bright,  cherry  red  color  in 
carbonic  oxid  poisoning:  whereas  they  are  blue  in  ordinary  asphyxia. 

The  color  of  the  blood  itself  is  the  most  certain  proof  pt  carbonic 
oxid  poisoning.     The  test  is  performed  as  follows: 

(6)  Add  a  drop  of  undiluted  blood  to  each  of  two  test-tubes,  half 
filled  with  water.  Pass  a  stream  of  coal  gas  through  one  of  the  tubes, 
and  note  that  the  color  changes  from  amber  to  carmin.  In  suspected 
poisoning,  a  drop  of  blood  is  drawn  from  the  finger,  diluted  as  in  the 
above,  and  compared  with  the  control  tube.  The  depth  of  the  red 
color  permits  an  approximate  estimate  of  the  degree  to  which  the 
hemoglobin  is  saturated  with   CO, 

4.  Alkali  Hematln. —  Add  a  few  drops  of  sodium  hydrate  to  the 
diluted  blood.  The  color  deepens;  the  spectrum  changes  to  a  broad, 
diffuse  band. 

5.  Acid  Hematln.— Add  a  little  dilute  acid  to  the  diluted  blood; 
the  color  becomes  brownish,  and  some  precipitation  may  occur.  The 
spectrum  shows  a  sharp  line  in  the  red. 

The  blood  in  the  vessels  does  not  show  acid  or  alkali  hematin,  even 
in  severe  poisoning;  but  they  may  be  discovered  locally;  e.  g.,  in  the 

6.  Methemoglobln.— Put  some  of  the  diluted  blood  (about  iscc.) 
into  a  series  of  six  test-lubes.  Add  the  reagents  mentioned  below, 
and  note  changes  in  color  and  spectrum  at  once.  If  none  appear,  place 
in  a  water  bath  'at  40°  C.  and  observe  every  half  hour. 

1.  2S  drops  saturated  KCIOi, 

2.  ''^       ''     s%  Pot.  terricyantd. 

3.  "       "      10%  NaNO,. 

4.  "       "      1%  KMnO,. 
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5.  25  drops  Phenyll^drazin. 

6.  "        ■'      10%     Pyrogallol      (Melhemoglobin     spectrum     and 

precipitate  of  Hemogallol). 

Methemoglobin  has  a  ratlier  brown  color  and  shows  a  sharp  band  in 
the  red,  closely  resembling  acid  hematin  (see  figure). 

To  one  of  !he  lesl-tubes  which  shows  a  good  methemoglobin  band, 
add  a  little  ammonium  sulphid ;  the  reduction  occurs  comparatively 
slowly,  and  more  of  the  reagent  is  required. 

Explanatory. —  Methemoglobin  is  a  peculiar  modification  of  oxy- 
hemoglobin. It  ditfers  from  the  latter  in  being  less  readily  reduced. 
The  conversion  of  any  considerable  proportion  of  the  blood  pigment 
into  melhemoglobin  therefore  leads  to  asphyxia,  characterized  by  in- 
tense cyanosis.  This  conversion  takes  place  even  more  readily  in  the 
body  than  in  the  lest-lube;  the  chlorate  and  the  coal  tar  products  are 
especially  apt  to  produce  the  effect  in  living  mammals,  whilst  they  act 
sluggishly  on  shed  blood. 

The  conversion  of  liemoglobin  into  methemoglobin  can  be  efrecte<f 
by:  Oxidizing  agents  (i,  2,  4),  reducing  agents  (3,  6),  coal  tar  de- 
rivatives (s).  The  rapidity  of  the  conversion  varies  considerably;  in 
2,  3,  and  4  it  is  almost  instantaneous :  in  i  it  may  require  several 
hours ;  the  others  are  intermediate.  The  results  are  somewhat  differ- 
ent in  the  intact  mammals,  ClOi  and  the  coal  tar  products  being  quite 
active.     (5)   may  also  show  the  band  of  reduced  hemoglobin. 

7.  Cyan -Hemoglobin.— Add  a  drop  of  2%  hydrocyanic  acid 
to  some  of  the  diluted  blood,  and  to  some  methemoglobin  solution. 
The  first  shows  no  change.  In  the  second,  the  color  brightens  and  the 
Spectrum  changes  so  as  to  resemble  reduced  hemoglobin  (see  figure). 
This  reaction  may  be  used  as  a  test  for  hydrocyanic  acid  or  for  met- 
hemoglobin. 

This  peculiar  combination  of  cyan  and  hemoglobin  does  not  occur 
normally  during  life  —  since  the  blood  does  not  contain  methemoglo- 
bin. The  latter  may  he  formed  after  death,  especially  in  ecchymotic 
areas;  and  the  bright  red  color  of  these  spots  is  a  characteristic  feature 
of  cyanid  poisoning. 

Formulate  conclusions  on  the  whole  c 


EXERCISE  22.—  EFFECTS  OF  DRUGS  ON  RED  BLOOD 
CORPUSCLES. 

Study  in   connection   with  Chapters  VII,  XVIII,  or  XXIV. 

Explanatory. —  The  pigment  of  the  corpuscles  may  be  altered  in  the 
manner  studied  in  the  preceding  exercise.  The  structure  of  the  cor- 
puscles may  also  be  affected  by  poisons.  The  principal  changes  are 
hemolysis   (laking),  crenation,  and  agglutination. 

A.  Hemolyds  (Laking).—  This  consists  essentially  in  a  solution  of 
the  corpuscles:  after  a  preliminary  swelling,  the  hemoglobin  and  salts 
pass  from  the  corpuscles  into  the  serum  (which  therefore  becomes 
colored).  The  stroma  can  at  first  be  distinguished,  especially  by  stain- 
ing, as  colorless  "ghosts,"  floating  in  the  amber  colored  fluid.  These 
also  are  eventually  dissolved. 

Laking  agents  act  by  increasing  the  permeability  of  the  cell -envelope. 
This  con.'iists  largely  on  fatty  (lipoid)  substances,  especially  lecithin 
and  cholesterin.  .-Ml  fat  solvents  — ether,  alkalies,  saponin,  etc.— 
therefore  produce  laking.  They  may  be  robbed  of  this  action  by 
previously  saturating  them  with  oil.  The  bacterial  hemolysins  probably 
act  analogous  to  saponin. 

The  entrance  of  water  into  the  cell  also  causes  laking.  This  occurs 
S.  M.— Water   tntfas,   diluted   blood    (i    Liirr).   undiluted   dcGbrinated    blood. 
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when  the  cell  is  laid  in  water,  or  in  any  solution  of  a  weaker  salt- 
content  than  serum.    The  result  is  due  to  osmosis  (see  below). 
Urea  is  an  exception :  it  does  not  prevent  taking. 

B.  Stronger  salt  solutions,  on  the  other  band,  withdraw  water  from 
the  cell,  and  shrivel  it,  producing  "  crciution." 

Other  cells  behave  in  a  very  similar  manner. 

C.  Axsluti nation    consists    in   the   clumping  of  corpuscles.    It    is 
probably  due  lo  a  change  in  the  viscidity  of  the  envelope.    It  may  be 
produced  by  dilute  acid  and  some  other  chemic  agents,  but  is  seen 
most  typically  with  certain  toxins,  the  aggltttitnns. 
Expftrimenti: 

Record  the  results  and  summariie  the  conclusions. 

I.  In  Test-Tubea: 

Put  into  8  perfectly  clean  and  dry  test-tubes : 

(a)  5  c,  c.  of  0.9%  sodium  chlorid. 

(it)  g  c.  c.  of  0,9%  sodium  chlorid  containing  '/»%  of  crude  Saponin. 
'  (c)  5  c.  c.  of  0.9%  sodium  chiorid  containing  '/»%  of  crude  Saponin 
and  S  drops  of  cottonseed  oil. 

(rf)  5  c.  c.  of  0.9%  sodium  chlorid  and  ao  drops  of  ether. 

(£J  s  c,  c.  of  0.9%  sodium  chlorid  containing  1%  of  urea. 

'   ^   5  C.C.  2%  Nf 

f,  c.  c.  of  disti 

t  be  freshly  prepared.) 

Add  to  each  tube  3  drops  of  defibrinated  blood  and  shake.  Observe 
after  half  an  hour  in  which  tube  laking  tias  taken  place,  as  denoted  by 
the  clearness  of  the  mixture,  or  the  color  of  the  supernatant  fluid. 

Isotonic  solution  of  sodium  chlorid  (a)  is  indifferent,  and  does  not 
cause  laking.  The  addition  of  sapotoxin  (fe)  dissolves  the  fatty  en- 
velope, and  thus  allows  laking.  If  oil  is  added,  {c)  the  sapotoxin  is 
bound  and  cannot  act  on  ihe  corpuscles,  and  there  is  no  laking.  (In 
the  body,  the  choleslerin  and  lecithin  of  the  blood  act  as  protectives  in 
this  way.1  Eiiher  i^d)  and  other  fat  solvents,  as  also  alkalies  (£)  also 
cause  laking  by  dissolving  the  fatty  envelope.  Water  (A)  injures  the 
corpuscles  by  removing  the  salts.  Urea  U)  acts  like  water.  In  either 
case  the  addition   of  salt  in  isotonic  proportion   (a  and  e)  prevents 

II.  Microscopic: 

(a)  Place  a  drop  of  defibrinated  blood  on  a  slide  under  a  cover- 
glass.  Examine  with  the  medium  power  of  the  microscope.  Add  to 
one  edge  a  drop  of  2%  saponin  in  0.9%  NaCl,  strongly  tinjted  with 
methylen  blue.  It  will  be  seen  that  the  corpuscles  lose  their  hemo- 
globin, but  the  stroma  ("ghosts")  remains  for  a.  considerable  time, 
and  can  be  discerned  faintly  by  the  methylen-blue  stain. 

(6)  Repeat  the  last  experiment,  but  add  water  tinged  with  methylen- 
blue  in  place  of  the  saponin  solution :  The  corpuscles  are  seen  to 
swell  and  to  lose  their  hemoglobin,  but  more  slowly  than  with  the 

(f)  Repeat  the  experiment,  adding  amyl-alcohol  in  place  of  the 
water:  Move  the  cover-glass  a  little;  Ihe  corpuscles  become  agglu- 
tinaled  into  small  clumps  and  then  lose  their  hemoglobin. 

{d)  Hyperosmotic  Solutions  on  Blood  Corpuscles. —  To  a  drop  of  de- 
fibrinated blood  under  the  microscope  add  a  drop  of  saturated  salt 
solution:  The  corpuscles  shrivel  and  become  crenated,  by  the  ab- 
"nilar  phenomena    can  be  seen  in  most   cells, 

{e)  Plasmolysis   (Optional). —  Add  some  saturated  salt  solution  to 

1    power)  {    alidc*  tai   coven.     S[Hrog7n.     Frcu 


defibrinalcd  blood. 
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a  tew  threads  of  spirogyra  (a  green  fresh-water  alKa)  under  the  micro- 
scope :    The  protoplasm  retracts  from  the  cell  waTl. 

(f)  Agglutination  by  Vezetable  Toxin. —  On  one  end  of  a  slide 
place  a  rather  lai^e  drop  of  o.g%  NaCl ;  on  the  other  end,  a  similar 
drop  of  0.1%  ricin  in  ag%  NaCI.  Add  to  each  a  small  drop  of  de* 
fibrinated  blood,  cover,  and  examine  with  the  microscope  after  fifteen 
minutes;  The  corpuscles  in  the  ricin  solution  will  be  agglutinated" 
into  clumps.  Many  toxins,  and  the  sera  of  foreign  species,  have  a 
similar  action. 

EXERCISE  23.— PHYSICAL    PHENOMENA   OF  OSMOSIS. 


Study  in  connection  with  Chapter  VII  or  XXIV. 

The  physiologic  effects  of  osmosis  are  studied  in  Exercises  46  and  70. 

ExpUnatory. —  It  was  seeT  in  the  preceding  exercise  that  the  proto- 
plasm of  cells  takes  up  water  and  swells  when  they  are  placed  in  dilute 
solutions :  whilst  it  loses  water  and  shrinks  when  they  are  placed  in 
strong  solutions  of  salts,  and  indeed,  of  most  soluble  substances.  This 
process  is  called  otmosis.  In  order  that  osmosis  may  occur  it  is  neces- 
sary that  the  two  solutions  (in  this  case  the  protoplasm  and  the  salt 
solution)  have  a  different  concentration;  and  that  they  are  separated 
by  a  membrane  (the  cell  wall)  which  is  permeable  to  water,  but  not 
to  the  dissolved  molecules.  A  membrane  of  this  kind  is  called  semi- 
permeabte.  A  membrane  which  is  not  quite  impermeable  to  the  dis- 
solved molecules  but  which  interposes  more  resistance  to  them  than 
it  does  to  water,  may  be  termed  partly  semipermeable.  Most,  if  not 
all,  cell  walls  belong  to  the  last  class;  so  does  parchment.  These 
membranes  often  possess  a  different  degree  of  permeability  for  differ- 

The  molecules  of  a  substance  in  the  state  of  solution  behave  precisely 
like  the  molecules  in  a  gas  (Van't  Hofl's  Theory),  and  obey  the  same 
laws  (Gay-Lussac's,  Avogadro's,  Boyle-Marioite's).  They  therefore 
tend  to  distribute  themselves  evenly  through  the  space  at  their  dis- 
posal, »'.  e.,  through  the  solvent  When  they  are  prevented  from  doing 
so,  by  the  interposition  of  a  semi  or  partly  semipermeable  membrane, 
they  exert  a  pressure  which  is  strictly  proportional  to  the  number  of 
molecules  present  in  a  unit  of  space,  and  independent  of  the  nature  of 
the  molecules.     This  is  called  the  osmotic  pressure. 

A  ttwl  (molecular  weight  expressed  in  grams)  dissolved  in  a  liter 
of  water  exerts  the  same  pressure  as  a  mol  of  gas  confined  in  the 
same  space,  i.  e.,  22.34  atmospheres  at  0°  C.  This  osmotic  pressure 
can  only  be  realized  under  the  above  conditions  —  ('.  e..  when  two  solu- 
tions are  separated  by  a  semipermeable  membrane.  If  the  two  solu- 
tions have  the  same  molecular  concentration  (mols  per  liter),  they 
will  be  under  the  same  osmotic  pressure :  they  are  said  to  be  isotonic. 
If  they  are  of  different  concentration,  the  stronger  solution  will  be 
under  a  higher  pressure;  it  is  said  to  be  hyp ertso tonic ;  the  weaker  is 
hypoisotonic.  This  difference  of  pressure  tends  to  equalize  itself  by 
the  passage  of  the  solvent  through  the  membrane,  so  as  to  render  the 
two  solutions  of  equal  concentration.  This  changes  the  volume  of 
the  solutions ;  the  weaker  solution  diminishes,  the  stronger  gains,  in 
volume.  This  is  the  explanation  of  the  chanfres  in  t  .e  volume  of  the 
cells  in  the  preceding  and  following  experiments. 

The  law  that  the  osmotic  pressure  is  directly  proportional  to  the 
molecular  concentration  holds  strictly  only  for  substances  like  urea, 
alcohol,  sugar,  etc.  It  needs  to  be  modified  for  acids,  bases,  and  salts; 
for  in  dilute  solutions  the  molecules  of  these  substances  fall  apart, 
the  fragments  acquiring  changes  of  electricity,  and  being  known  as 
ions    {Arrhenius'    Hypothesis).     The    degree    of    ionization 
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osmotie    pressure ;    sulphuric   acid    (H-H-SO.)    three    times ;    sodium 

phosphate  (Na-Na-H-PO.)  four  times,  etc.  (The  +  and  —  indicate 
the  nature  of  the  electric  charge  which  is  carried  by  the  ion.)  The 
undissociated  molecules  and  the  ions,  existing  in  a  solution  under  given 
conditions,  are  called  coUectivelj'  mol-ions.  It  is  really  the  molions, 
and  not  the  mols,  which  deternune  the  osmotic  pressure. 

The  experimental  determination  of  the  absolute  osmotic  pressure  is 
beset  with  serious  technic  difficulties.  It  requires  the  construction  of 
a  vessel  with  strictly  semipermeable  walls,  of  sufficient  strength  to 
withstand  the  high  pressure. 

The  Pfeffer  cell  is  the  nearest  approach;  a  porous  clay  cell  is  filled 
with  copper  sulphate  and  set  in  a  solution  of  potassium  ferrocyanid. 
The  two  solutions  meet  in  the  pores,  and  cause  a  precipitate  of  the 
reddish  brown  copper  ferrocyanid,  which  functionates  as  a  semiper- 
meable membrane.  Osmometers,  thistle-shaped  tubes  closed  with 
parchment,  bladder,  or  peritoneal  membrane,  are  useful  in  certain 
physiologic  experiments  ;  but  they  are  only  partly  semipermeable. 

Fortunately,  there  are  other  properties  of  solutions  which  vary  pre- 
cisely with  the  molecular  concentration,  and  which  are  much  more 
easily  determined.  Such  are  the  boiling  point,  or  most  conveniently, 
the  freezing  point.  Each  molion,  added  to  a  liter  of  water,  depresses 
the  freezing  point  of  the  water  by  exactly  1.85°  C.  (Raoult's  Law). 
This  depression  of  freezing  point  is  denoted  by  i.  A  1%  NaCl  solu- 
"   "  give     *  -  -"- 


I.  The  Molecular  concentrstlMi  ^ 

1.8s 

i  X  1697.8  t' 

a.  The  Osmotic  pre»sure  = X(I  +  — 

1.85  27- 

'i  X  22.34                          t° 
eury   or  X    (J    -(-   )    atmospheres    (t   = 

1.85  2  J.I 

degrees  centigrade). 


4.  The  DIuoclatlon  Coefficient  (factor  i)  = 

1.85  X  Gm.  per  liter 
(This  factor  gives  the  ratio  on  molions  to  mols.    It  is  used  for  de- 
ducing the  actual   freezing  point  or  molecular  concentration,  from  that 
which  is  calculated  on  the  assumption  that  no  dissociation  occurred.) 

5.  The    proportion     of    ionized    molecule*      (factor    0)^ 

i  being  the  factor  of  the  last  paragraph;  n.  the  largest  number  of  ions 
into  which  the  molecules  can  split  (2  for  NaCI,  3  for  NaiSO.,  etc.). 
Work  out  the  following  problems  and  check  the  answers : 
I.  What  is  the  molecular  concentration  of  blood  serum,  if  "i^o.SSS? 

Answer :     0.3. 
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pressure  at  38°  C. 

? 

Answer: 

580,6 

cm.  Hg 

lar  weight  of  urea. 

if 

a  2%  solution  = 

=  io.62? 

daiion    coeflkjent 

of 

a    1% 

NaCl 

solution 
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2.  What  is 
or  7.6  atm. 

3.  What  Is  the  molecular  v 
Answer :     S9-7- 

4.  What    is    the    dissocial  _.    _     _._ 

(^  0.5891  molecular  weight,  58.4)?    Answer;     1.85, 

5.  What  fraction  of  the  molecules  is  ionized  ?     Answer :    0.85. 
Osmotic   Pressure    Through    Partly   Semipermeable   Membranes.— It 

is  evident  that  this  cannot  reach  the  theoretic  level ;  for  some  of  the 
molecules  will  escape.  If  the  membrane  is  as  permeable  to  the  dis- 
solved molecules  as  it  is  to  water,  there  can  be  no  osmotic  pressure 
whatsoever,  no  matter  what  the  concentration.  Such 
a  solution  will  therefore  be  hypoisotonic  to  a  solu- 
tion, the  dissolved  molecules  of  which  cannot  pass 
the  membrane.  One  may  therefore  see  the  para- 
doxic phenomenon  of  a  weaker  solution  (of  a  non- 
permealinK  substance)  being  hyper  isotonic  to  a 
stronger  solution  (of  a  permeating  substance).  The 
law,  that  equimolecular  solutions  (having  the  same 
molecular  concentration)  are  isotonic,  holds  there- 
fore only  for  strictly  semipermeable  membranes. 
The  cell  membrane  of  the  red  blood  corpuscles  is 
strictly  semipermeable  to  most  substances.  The 
corpuscles  are  therefore  isotonic  to  a  0.9%  NaCI 
solution,  and  to  equimoleciilar  solutions  of  most 
other  substances.  Urea  and  ammonium  salts  are 
exceptions;  they  penetrate  readily,  and  their  solu- 
tions are  consequently  hypoisotonic  and  produce 
lakin^  (see  preceding  exercise).  Many  other  cells 
(for  mstance.  those  of  the  kidney')  show  more  nu- 
merous peculiarities  of  penetration   (see  below). 

Solutions  of  substances  with  very  large  molecules 
always  exert  a  low  osmotic  pressure,  since  even  the 
strongest  solutions  must  have  a  low  molecular  con- 
centration. To  this  class  belong  the  colloids  — 
gums,  proteids,  gelatin,  etc. 

Osmosis  is  most  conspicuous  with  the  substances 
of  small  molecular  weight,  the  crystalloids.  It  is 
most  important  in  the  case  of  salts;  the  subject  of 
osmosis  is  therefor  often  called  Salt-Action. 

Exercise!  (Demonstrations) — i.  Determination 
of  Freezing  Point.— This  is  done  by  the  Beek- 
mann   Apparatus    (Fig.    122).     This   consists   of   a 

thermometer    (g),   with   an   arbitrary   scale    (which  

must   be   adjusted   for  each   determination,   see  be-  pj       112— Beck- 

low)  graduated  in  0.01'°  C.  This  is  supported  by  m«nn-H*idtnh'am'aap- 
a  cork  in  a  large  strong  test-tube  (r),  which  may  v*'"™  f"  dwe™!"- 
bear  a  side  piece  (/)  for  the  introduction  of  ice.  o"f*J  „iuiki""'"""" 
The  cork  is  perforated  for  a  platinum  stirrer   (ft). 

The  test-tube  is  supported  in  a  larger  lube  (rf),  which  acts  as  an  air 
jacket,  equalising  the  temperature.  This  sits  in  a  jar  (0)  of  freezing 
mixture,  together  with  a  stirrer  (V)  and  ordinary  thermometer. 
The  principle  of  the  method  consists  in  overcooling  the  contents  of 
the  test-tube  until  ice  forms,  when  the  thermometer  column  suddenly 
rises  and  comes  to  a  standstill  at  the  correct  freezing  point.  The  zero 
point  is  first  controlled  by  the  standard  sodium  ehlorid  solution  (lo 
Gms.  of  dried  salt  dissolved  in  a  liter  of  water,  4^0.589). 

Fill  the  outer  jar  with  a  freezing  mixture  of  pounded  ice  and   salt. 
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This  is  stirred  occasionallj-  throughout  the  determination,  and  kept  at 
about  — s°  C.  by  the  addition  of  salt  or  ice.  Place  the  standard  sodium 
chlorid  solution  in  the  tube  and  insert  the  therniometer,  so  that  the 
bulb  is  raised  about  a  centimeter  above  the  bottom  of  the  tube.  The 
level  of  the  solution  should  be  i  to  3  cm.  above  the  bulb.  Plunge 
the  tube  directly  into  the  freezing  mixture,  stirring  the  solution  con- 
stantly. The  mercury  will  be  seen  lo  recede  from  the  reservoir  and 
descend  into  the  stem ;  at  a  certain  point  it  will  reverse  its  motion  and 
ascend.  Transfer  the  tube  quickly  from  the  mixture  to  the  jacket- 
tube,  continuing  the  stirring.  When  the  columns  come  to  a  stand- 
still, take  a  reading:  this  is  merely  approximate.'  Remove  the  tube 
and  stir  until  only  one  or  two  particles  of  ice  remain  melted.  Plunge 
for  a  moment  in  the  freeiing  mixture,  then  into  the  jacket-lube,  and 
stir  until  the  mercury  is  constant.  Take  a  reading  with  a  lens,  and 
repeat  melting  and  freezing  twice.  The  readings  should  not  differ  by 
more  than  0.003°  C.  Take  the  average.  Adding  0.589  to  Ihe  result 
gives  the  zero  point  of  the  thermometer,  from  which  all  other  readings 
must  be  subtracted.  The  A  of  defibrinated  blood  and  a  sample  of 
urine  may  now  be  determined, 

a.  Hamburger's  Blood-Corputcle  Method. —  Blood  corpuscles  are 
laked  when  placed  in  a  solution  of  a  certain  concentration  (about 
0.525%  NaCl)  ;  the  relative  concentration  of  solutions  may  therefore 
be  determined  by  comparing  them  with  a  known  sodium  clilorid  solu- 
tion. This  holds  true  only  if  the  blood  corpuscles  are  equally  imper- 
meable to  the  observed  substance.  It  may  be  accepted  as  correct  for 
most  substances,  with  the  notable  exceptions  of  urea  and  ammonium 
salts. 

Prepare  solutions  of  NaC,  NaNO,,  and  Urea,  all  having  the  same 
freezing  point  (1%  NaCl;  i.53S%  NaNO,;  1.89%  Urea).  Set  up  a 
series  of  clean  test-tubes,  of  about  15  c,  c.  capacity,  and  of  equal 
diameter.  With  a  pipette,  graduated  accurately  in  'A.  c.  c,  place  in 
the  first  4  c.  c.  of  the  NaO  solution  and  6  c.  c.  of  water;  in  the  second, 
+S  e.c.  NaQ  and  S5  of  water;  third,  5  c.c.  and  5  cc;  fourth  5.5 
c.  c.  NaO  and  4-5  c.  o.  water ;  fifth,  6  c.  c.  NaCl  and  4  c.  c.  water. 
Place  corresponding  dilutions  of  NaNO.  and  of  urea  in  the  other 
tubes.  Mix  the  contents  of  each  tube.  Add  to  each  10  drops  of  de- 
fibrinated blood.  Let  stand  overnight'  Note  the  tube  in  each  series 
in  which  there  is  just  perceptible  Taking.  This  will  be  the  same  for 
the  chlorid  and  nitrate,  but  all  the  urea  tubes  will  be  laked. 

3.  Osmotic  changes  in  th«  weight  of  Tissues.—  Place  the  follow- 
ing solutions  into  evaporating  dishes: 

a.  Water. 

b.  5%  NaCl. 

c.  1%  NaCl. 

d.  Urea,  )  Of  the  same  freezing  point  as  1%  NaO 

e.  Sodium  Citrate.  I         see  page  822). 

Cut  a  fresh  dott's  or  rabbit's  kidney  into  sections  about  I  mm,  thick. 
Rinse  a  section  in  1%  NaQ  for  a  moment,  dry  it  superficially  with 
filter  paper,  and  weigh:  lay  it  in  solution  a.  Prepare  other  sections  in 
the  same  manner,  laying  them  in  the  other  solutions.  Leave  in  the 
solutions  for  half  an  hour,  then  again  dry  and  weigh  the  sections.    The 


ncthwf;   dcfibrmalcd  blood:  leetiona  of  kidney;   dilhci 
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weights  will  be  changed,  the  sections  having  absorbed  or  lost  water 
through  osmosis : 

(a)  increase  of  weight  —  water  being  strongly  hypoisotonic. 

(b)  decrease  "       "     —  5%  NaCl  being  strongly  h^erisotonic. 

(c)  increase    "        "     —  The   protoplasm   of   the  kidney  cells   is 

therefore  hyperisotonic  to  1%  NaCl 
(and  consequently  to  blood  serum). 
It  requires  about  1.8%  of  NaCl  to 
keep  the  weight  unchanged. 
id)  increase  "  "  —much  larger  than  in  (c).  Consequently. 
the  kidney  cells  are  easily  permeable 

it)  decrease  "        "     — The  sodium  citrate  penetrates  less  read- 
ily than  sodium  chlorid. 
The  experiment  illustrates  strikingly  that  the  osmotic  pressure  de- 
pends not  only  on  the  molecular  concentration,  but  also  on  the  per- 
meability of  Ihe  cell  wall,  which  is  different  for  each  substance,  in  the 
kidney.    Urea  penetrates  readily,  chlorid  less,  and  citrate  still  less  so. 


CHAPTER  XXXVI. 


EXERCISES  ON  FROGS  AND  INTACT 
MAMMALS. 

Preliminary  Remarks.— Before  starting  on  this  division  of  the 
work,  the  student  should  read  the  methods  (pages  792  to  820) ;  also  the 
remarks  on  note-taking  (page  823).  The  contents  of  the  lockers 
should  be  checked  (Table  XXIII,  page  785). 

The  conditions  in  animal  experiments  are  much  more  complicated 
than  in  chemic  work.  The  student  must  learn  to  fix  his  attention  on 
the  main  phenomenon,  without  neglecting  anything  whatsoever.  The 
more  functions  he  can  embrace  in  his  observations,  the  more  valuable 
will  be  the  results  and  the  training. 

On  account  of  slight  difTerenc;s  in  dosa^,  in  the  surrounding  con- 
ditions and  in  the  idiosyncrasy  of  the  animals,  the  results  are  often 
atypical.  This  should  be  reported  to  the  demonstrator;  for  these  ab- 
normalities sometimes  demonstrate  some  fact  of  elementary  impor- 
tance, which  it  might  be  difficult  to  reproduce  by  intentional  experi- 
ments. They  should  be  shown  to  the  class.  The  demonstrator  should 
see  to  it  that  every  member  of  the  class  sees  the  typical  effects;  if  not 
in  his  own  experiment,  then  at  least  by  the  demonstration  of  the  re- 
sults of  another  set.  The  time  elapsing  between  the  administration  and 
the  occurrence  and  disappearance  of  the  synqrtoms  should  be  particu- 
lar^ noted. 

The  class  may  be  divided  into  small  sets  of  3  students,  four  of 
which  should  be  in  care  of  a  demonstrator.  Two  sets  may  share  a 
locker.  It  is  not  necessary  that  every  student  perform  every  experi- 
ment ;  in  many  instances,  it  is  more  profitable  to  divide  the  exercise 
between  the  sections.    Every  student,  however,  should  see  each  experi- 

A  class  reporter  should  be  appointed  each  laboratory  day.  He 
should  be  relieved  from  the  performance  of  the  experiments,  but 
should  collect  and   summarize  the  results  and  conclusions,  and  read 
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his  report  ai  a  weekly  meeting.  This  report  should  be  criticized  by 
the  class  and  instructor  and  should  count  in  the  final  grade.  The 
conclusions  should  be  restricted  to  the  results  of  the  experiments. 
The  reports  should  be  filed  for  reference  by  future  classes. 

EXERCISE  24-— THE  ABSORPTION  OF  DRUGS. 

Exercises  ^  to  29  may  be  studied  in  connection  with  Chapter  VII. 

The  experiments  may  be  demonstrated,  or  divided  amongst  the 
students. 

Read  up  the  administration  of  drugs,  pages  S03  to  805. 

Explanatory.— Most  drugs  must  be  absorbed  before  they  can  pro- 
duce any  action.  This  holds  particularly  for  drugs  which  act  tyt- 
lemically;  i.  e..  on  the  body  cells  (in  contradistinction  to  the  locally 
acting  drugs,  the  effects  of  which  are  confined  to  the  place  where  they 
are  applied,  or  to  reflexes  originating  from  this  point).  The  subject  of 
absorption  has  therefore  a  great  practical  importance.  Absorption  may 
occur  from  most  of  the  surfaces  of  the  body,  but  with  very  different 
facility.  The  inlaci  skin  of  mammals  is  almost  impermeable  to  wa- 
tery .solutions,  but  absorbs  oils  and  volatile  substance  (consult  exer- 
cise 13,  No.  10).  The  skin  of  frogs,  however,  absorbs  watery 
solutions  readily.  In  mammals,  the  most  usual  channels  of  absorp- 
tion are  the  alimentary  canal,  the  subcutaneous  and  muscular 
tissue,  and  the  tungs.  The  rapidity  of  absorption  varies  with  the 
nature  of  the  drug  and  the  place  of  administration.  It  is  generally 
proportional  to  the  volatility  and  solubility  of  the  drug.  Volatile  sub. 
stances  are  absorbed  most  rapidly  from  the  lungs ;  watery  solutions 
from  intramuscular  and  subcutaneous  injections;  resins  and  oils 
from  the  intestinal  tract.  The  absorbability  from  the  different  por- 
tions of  the  alimentary  canal  varies  for  different  animals  and  drugs. 
It  is  generally  most  effective  from  the  small  intestine ;  less  so  from 
the  stomach  and  rectum.  In  man,  the  stomach  generally  absorbs  bel- 
ter than  the  rectum;  the  reverse  is  true  of  the  rabbit.  The  uninjured 
urinary  bladder  is  practically  impermeable,  whilst  the  mucosa  of  the 
urethra  is  a  good  absorbing  surface.     Most  mucosae  absorb  readily. 

Absorption  is  retarded  by  the  presence  of  fats  or  colloids,  gums, 
proteids,  or  "  extractives." 

Experiments:  (To  be  Demonstrated}.— I.  AbMrptJon  of  Soluble 
Drugs  is  acneraliy  More  Rapid  When  They  are  Given  Hypo* 
dermically.  Than  When  They  are  Given  by  Mouth.— Give  to  a 
rabbit  1.0  mg.  per  Kg.  of  strychnin  sulphalc  <  i.o  c.  c.  per  Kg.  of  '/»%) 
hypodermically,  and  to  another  rabbit  the  same  amount  by  the  stomach- 
tube.  The  first  rabbit  shows  the  typical  strychnin  convulsions;  the 
second  shows  very  little  effect.     Draw   a   sketch  of  the  typical  tetanic 

II.  Driigs  Which  are  insoluble  in  Water  May  be  Absortted 
More  Efficiently  from  the  Stomach. — Give  to  a  dog  i  c.c.  per  Kg. 
of  fluidextract  (diluted  with  two  volumes  of  water)  of  Catmabii  lit- 
dica  hypodermically.  and  to  another  dog  the  same  dose  by  stomach- 
tube.  The  former  animal  shows  little  effect  beyond  local  irritation, 
the  latter  shows  the  typical  etTects  of  the  drug  (ataxia  and  sleep, 
possibly  preceded  by  nausea  and   vomiting). 

Materiali  Needed:  (for  entire  class). —  3  small  rabbits;  3  small  dogs: 
2  guinea  pigs;  i  frog;  large  hypodermic  syringe  and  needle;  graduate: 
.stomach-catheter  and  bulb.  '/,»%  strychnin  sulphate  (35  c.c):  1% 
(5  c.  c  )  ;  Fluidext.  Cannabis  Ind.  (20  c.  c.)  ;  Nicotin  (few  drops)  ;  a% 
HCN  (fresh)  (5  c.  c);  '/..%  strychnin  sulphate  in  25%  mucilage 
(5  C.C.). 
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III.  AbMrption  May  be  Extnmely  Rapid,  Even  When  the 
Drug  Is  Qlven  by  Mouth.— 1.  Place  two  drops  of  nicottn  on  the 
gums  of  a  dog. 

z.  Inject  5  c.  c.  of  2%  HCN  into  the  mouth  of  a  rabbit  or  dog. 
Notice  the  very  rapid  onset  of  the  effects.  (The  symptoms  are  quite 
similar  in  both  cases,  and  consist  in  nausea,  convulsions,  severe  pros- 
tration. Death  may  occur,  the  respiration  stopping  before  ihe  heart; 
or  the  animals  may  recover.)     (Fig,  52,  page  i8s-) 

IV.  Abaorptlon  is  Impaired  by  Colloids, —  Inject  into  a  guinea 
pig  S-o  c. e.  per  Kg.  of  a  /«%  solution  of  strychnin  sulphate  in  water; 
and  into  another  animal  the  ! 
solved  in  a  25%  mucilage  of  a 
the  greater  effects. 

V.  Absorption  From  the  Frog's  Skin.—  Paint  some  1%  strychnin 
over  the  intact  skin  of  a  frog.  The  animal  soon  goes  into  convul- 
sions, which  are  typical  of  this  poison. 

Absorption  may  also  occur  from  the  lungs  (recall  the  phenom- 
ena of  ether  and  chloroform  anesthesia)  and  from  Ihe  rectum 
consult -Exercise  26,  No.  2,  H,S;  Exercise  61,  No.  i,  Urethane, 

Not  all  Soluble  Substances  arc  Absorbed  from  the  Alimentary 
Canal.— Consult  Exercise  63.   No,   1    (MgSO.), 

Sum-marise  the  actions  of  Cannabis  Indica,  Chapter  XXXVIII,  No,  i. 
Optional  Experiments: 

VI.  The  absence  of  absorption  from  the  rabbit's  stomach  or  bladder 
may  be  demonstrated  on  anesthetized  rahhits  by  exposing  these  vis- 
cera, lying  the  openings,  and  injecting  25  mg.  per  Kilo  of  strychnin 
into  the  interior  (5  times  the  fatal  dose  per  mouth).  This  produces 
little  or  no  effect.  When  the  s.ame  dose  is  placed  in  the  mtestine. 
the    animal    succumbs    quickly. 

Vn.  The  comparative  efficiency  of  intravenous  and  intramuscular 
injection  may  be  shown  by  connecting  an  anesthetized  rabbit  for  blood 
pressure  and  injecting  0.4  c.  c.  of  1  : 1,000  adrenalin,  first  subcutaneous- 
ly;  and  after  a  time  a  second  dose  Ihe  pectoral  muscles.  The  subcu- 
taneous injection  is  almost  inefTective.  The  intramuscular  injection 
causes  a  considerable  rise  of  blood  pressure. 


Read  up  Reflex-time,  page  795. 

Explanatory.— Viscid  substances  lessen  the  absorption  and  the 
local  actions  of  drugs.  They  are  used  therapeutically  as  "  soothing " 
agents,  to  lessen  inflammation.  Those  which  are  used  especially  on 
mucous  surfaces  (mainly  gums  and  other  colloids)  are  called  demal- 
cenls;  those  which  are  used  on  the  skin  (oils  and  fats)  are  termed 
emollients.  Glycerin  belongs  to  both  classes,  but  is  also  somewhat 
irritant.  1^  abstracting  water. 

The  action  of  these  substances  is  due  to  their  viscid  character.  They 
form  an  indifferent  protective  coating,  which  prevents  drying  and 
the  access  of  irritant  substances  or  bacteria.  Even  when  the  drug  is 
added  directly  to  the  solution,  they  hinder  its  access  to  the  tissues  by 
preventing  currents  in  the  solution. 

The  effect  of  these  substances  on  absorption   was  studied  in  Exer- 

MateriaU  Needed:  (for  the  entire  class), —  a  frogs;  frog-tools  and 
hook;  jar  of  water;  capsule  with  0.1%  HCI  and  another  with  0.1% 
HQ  in  15%  acacia.  1%  citric  acid  in  10%  starch  paste  and  in  water 
.{25  c.  c  of  each). 
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CISC  34.  No.  4;  and  in  Exercise  18,  Nos.  9  and  la    These  should  be 

consulted. 

Experiment  ■; 

1.  Colloids  letsen  the  Effects  of  Irritants. —  Decapitate  two  frogs, 

and  note  the  reHex-t{me  of  each  on  dipping-  the  leg  in  0.1%  HCl. 
Wash  off,  dip  the  leg  of  one  again  in  0.1%  HCI,  the  other  in  a  solu- 
tion of  0.1%  HCl  in  15%  Gum  Arabic.  The  reaction  time  is  delayed 
by  30  to  100  seconds. 

2.  Observe  that  a  1%  solution  of  citric  acid  in  10%  starch  paste 
tastes  much  less  acid  than  a  watery  solution  of  the  same  strength. 

Summarize    the   effects    of   Demulcents   and   Emollients   in    Chapter 

xxxvni.  No.  2. 

EXERCISE  26  — THE  EXCRETION  OF  DRUGS. 

Explanatory. —  Drugs  may  be  excreted  by  various  channels;  gases 
and  volatile  drugs  are  excreted  mainly  by  the  lungs ;  metals  by  the 
intestinal  cells;  most  substances,  however,  especially  salts  and  alka- 
loids, are  excreted  in  greatest  quantity  by  the  urine.  The  saliva,  bile, 
skin,  and  milk  may  also  aid  in  excretion;  but  generally  these  play  a 
very  subordinate  role. 

A  knowledge  of  the  excretion  of  drugs  has  considerable  practical 
importance ;  it  teaches  how  frequently  the  drug  must  be  administered 
to  maintain  a  continuous  action;  it  also  indicates  how  to  hasten  the 
elimination  of  poisons. 

The  elimination  of  drugs  by  the  urine  was  studied  in  Exercise   13. 
This  should  be  consulted. 
Experiments: 

I.  Elimination  by  the  Saliva  (to  be  assigned),— (a)  Take  a  cap- 
sute  of  0.3  Gm.  of  potassium  iodid.  Test  the  saliva  every  ten  min- 
utes for  the  presence  of  iodid,  by  Exercise   13,  No.  8. 

(6)  Take  a  capsule  of  as  Gm.  of  salol,  collect  the  saliva  every  ten 
.  minutes,  and  test  for  salol  by  Exercise  13,  No.  2. 

Report  the  results  to  the  class 

a.  Volatile  Drugs  may  be  Excreted  by  the  Lungs. —  (Demon- 
stration.)—  Hold  a  paper  saturated  with  lead  acetate  before  the  nos- 
trils of  a  rabbit;  note  that  the  paper  is  not  blackened;  nowpass  some 
HiS  into  the  rectum;  the  paper  becomes  blackened  (the  HiS  being 
absorbed  from  the  rectum  and  excreted  by  the  lungs).  If  the  dose  of 
HiS  has  been  excessive,  the  rabbit  may  show  paralytic  and  convulsive 
effects.  (The  experiment  is  not  quite  conclusive,  for  the  gas  might 
have  reached  the  paper  through  the  esophagus.) 

Not  all  gases,  however,  are  capable  of  excretion  by  the  lungs  (com- 
pare Exiircise  51,  No.  3,  Ammonia). 

3.  (Optional). —  Time  Required  tor  Excretion  by  Urine  and 
Saliva.— (To  be  assigned.)— (a)  Take  0.3  Gras.  of  Kl,  dissolved  in 
water.  Examine  the  urine  and  saliva  by  Exercise  13,  No.  8,  every 
hour  for  s  hours,  then  three  times  a  day  for  two  days.    Report  the 

(6)  Take  0,3  Gms.  of  SaXol,  powder,  and  proceed  as  in  I,  testing  by 
Exercise   13,   No.  a,  and  reportmg  the  results. 

(The  KI  will  appear  more  quickly  than  the  salol,  since  the  former 
is  absorbed  from  the  stomach,  the  latter  almost  exclusively  from  the 
intestine.)  (e)  Review  the  excretion  of  the  other  drugs  used  in 
Exercise  13. 

Materials  Needed  (for  the  entire  class).— Rabbit,  H,S  apparatus, 
rectal  lube.  Lead  acetate  paper:  capsules  of  0.3  Gm.  KI  o(  a3  Salol; 
dilute  H,SO.;  starch  paste;  10%  NaNC;  Ether;  Fe^.. 
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Explanatory. —  A  considerable  number  of  drugs  undergo  chemic 
changes  during  their  sojourn  in  the  body,  being  oxidized,  reduced, 
hydrolysed,  combined,  etc.  In  some  cases  the  substance  is  absolutely 
destroyed.  Alcohol,  for  insSnce,  is  almost  completely  oxidized  to 
carbonic  acid  and  water.  In  other  cases  the  changes  are  not  so  pro- 
found. The  benzol  ring  always  remains  intact,  but  the  transformation 
of  acetanilid  into  paramidopheno]  illustrate  the  changes  which  occur  in 
the  side-chains.  Benzol  derivatives  are  further  excreted  as  paired 
compounds,  with   sulphuric  and  glycuronlc  acid. 

Chemic  reaction  between  two  drugs  may  also  occur  within  the  body  — 
a  fact  which  must  be  kept  in  mind. 
Experiments: 

I.  Chemical  Reactions  with  Normal  Body-Constituents;  Libera- 
tion of  lodin  from  KI  by  nitrites  of  the  saliva.—  (Each  pair  of 
students  should  try  this  experiment.)  —  Mix  equal  parts  of  1%  KI 
and  1%  H>SO.,  add  a  little  starch  paste,  place  in  three  test-tubes  and 
add  to; 

(j)  saliva;  (fc)  boiled  saliva;  (c)  water,  a  and  b  both  turn  blue, 
whilst  c  remains  unchanged.  Since  the  reaction  is  not  destroyed  by 
boiling.  It  cannot  be  due  to  ferments.  (It  is  caused  by  the  presence 
of  nitrites  In  the  saliva ;  the  depth  of  color  varies  greatly  in  different 
Individuals.) 

3.  Chemical  Reactions  Caused  by  the  Presence  of  Other  Drugs. 
Administer  to  a  rabbit  50  c.  c.  of  1%  KI  by  the  stomach-tube.  (There 
may  be  some  depression  from  the  manipulation.)  In  an  hour  dust  a 
little  calomel  into  the  eye  of  this,  and  of  a  normal  rabbit.  The  todid 
rabbit  manifests  greater  irritation  at  once.  In  an  hour,  the  normal 
rabbit  shows  no  effect  from  the  calomel ;  but  in  the  iodid  rabbit  there 
Is  intense  conjunctival  congestion  and  edema.  (Calomel  should  never 
be  used  with  iodids.)  HgiCli  and  KI  react  together,  resulting  finally 
in  the  yellow  Hgl^  which  is  as  irritant  as  HgCI.  (Hg,Cli-F  2KI  = 
Hgl,--Hg  — 2KCI). 

3.  Vasoconstrictor  Action;  Treatment  of  Conjunctivitis.— The 
above  rabbit  may  be  utilized  for  demonstrating  the  following:  Apply 
to  the  inflamed  conjunctiva  a  drop  of  1%  cocoin;  the  congestion  di- 
minishes at  once,  and  the  pupil  dilates.  The  effect  is  only  short. 
When  it  has  paitsed  off,  apply  a  drop  of  '/iu%  adrenalin;  vasocon- 
striction ;  this  effect  also  passes  off.  Apply  a  drop  of  '/«!%  hydra- 
stinin  hydrochlorid ;  vasoconstriction,  which  is  somewhat  more  lasting. 
Dust  some  orthoform  in  the  e^e.     This  will  greatly  lessen  the  pain. 

Summarise  iodid  excretion  in  Chapter  XXXVIU,  No.  3. 

Materials  Required  (for  entire  class).— 1%  KI  plus  1%  H,SO„  with 
a  little  starch  paste  (7."!  c. c.)  ;  1%  KI  (50  c. c)  ;  2  rabbits;  stomach- 
catheter  and  bulb;  calomel  (I  Gm.);  camel's  hair  brush;  a  small 
quantity  of  1%  cocain;  '/»%  adrenalin;  Vh%  hydrastinin;  orthoform. 

EXERCISE  za— RAOAL  IDIOSYNCTRASY. 

Explanatory. —  Idiosyncrasy  is  the  term  applied  to  an  abnormal  re- 
action to  a  drug.  The  abnormality  Is  generally  quantitative  onl^;  but 
it  may  appear  qualitative,  by  brlnginir  into  prominence  some  action' of 
the  drug  which  Is  ordinarily  so  small  as  to  escape  observation.    Moit 
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instances  of  idiosyncrasy  may  therefore  be  brought  under  the  headings 
of  exaggerated  susceptibility  or  tolerance.  These  may  be  con^nital 
or  acquired.  Some  are  readily  explained  by  anatomic  or  physiolo^c 
peculiarities.  Others  are  due  to  differences  in  the  absorption,  excre- 
tion, or  destruction  of  the  poison.  Many  phenomena  of  idiosyncrasy 
have  not  yej  been  satisfactorily  explained.  The  continued  adminis- 
tration of  a  drug  often  alters  the  susceptibility  of  the  patient  to  its 
action:  this  m^  be  diminished  {lutbilualion)  or  increased  (cumula- 
tive action).  Congenital  idiosyncrasy  may  be  individual  or  racial. 
The  student  will  probably  encounter  some  examples  of  individual 
Idiosyncrasy  in  the  course  of  his  future  work.  The  following  experi- 
ments refer  to  racial  idiosyncrasy: 

Experiments. —  i.  Inject  into  a  dog  and  into  a  rabbit  5  mg.  per 
Kg.  of  atropin  sulphate  (o.J  c.  c.  per  Kg.  of  1%)  hypodermically.  Ob- 
serve the  pulse,  pupils,  respiration,  and  the  general  symptoms.  The 
etTects  are  very  much  greater  in  the  dog  than  in  the  rabbit  (the 
heart  rate  is  quickened  by  paralysis  of  the  vagus  endings ;  the  respira- 
tion is  first  increased,  then  diminished.  The  general  effects  are  first 
excitant,  later  depressant:  the  pupils  are  dilated  through  paralysis  of 
the  oculomotor  endings).  Let  the  rabbit  inhale  a  little  ammonia, 
whilst  feeling  the  heart  beat :  the  heart  is  not  stopped,  as  it  would  be 
in  normal  animals. 

The  reason  of  the  general  resistance  of  the  rabbit  (and  other  her- 
bivorous animals)  to  atropin  is  not  known.  One  peculiarity,  how- 
ever, is  easily  explained.  It  will  have  been  noted  that  the  pulse-rate 
is  greatly  quickened  in  the  dog,  but  scarcely,  if  at  all,  in  the  rabbit. 
This  is  because,  in  the  dog,  the  heart  is  normally  kept  slow  hy  the 
tonic  activity  of  the  vagus  center.  This  is  cut  out  by  atropin.  These 
tonic  impulses  are  very  weak  or  absent  in  the  rabbit,  so  that  their 
abolition  does  not  alter  the  heart -rate.  The  ammonia  experiment 
shows  that  the  atropin  has  paralyzed  the  vagus,  in  the  rabbit  as  well 
as  in  the  dog. 

2.  Read  page  799  for  method  of  exposing  the  heart.  Apply  some 
(10%)  infusion  of  digitalis  in  0.75  NaCl  solution  to  the  exposed  heart 
of  a  pithed  toad  and  frog,  and  notice  that  the  effect  on  the  frog  is 
much  greater.  (Observe  that  the  heart  is  slowed,  and  the  systole 
increased,  peristaltic  waves  and  arythmia  become  apparent,  and  the 
heart  may  he  arrested  in  systolic  standstill,  as  a  small  white  lump.) 

The  skin  of  the  toad  secretes  a  poison  with  an  action  analogous  to 
digitalis.  The  tolerance  of  this  animal  is  therefore  somewhat  analogous 
to  habituation. 

3.  Inject  into  a  dog  and  into  a  rabbit  10  rag.  of  apotnorphin  hydro- 
chlorid  (l  c.  c  of  1%)  hypodermically:  the  dog  vomits,  the  rabbit 
does  not    The  rabbit  may  show  signs  of  excitement. 

The  reason  for  the  tolerance  of  rabbits  to  apomorphin  is  found  m 
the  fact  that  rodents  are  incapable  of  vomiting. 

4.  Compare  the  action  of  morphin  on  different  animals.  (Consult 
Exercise  40,  No.  1.)  The  reason  for  these  peculiarities  lies  perhaps 
in  the  different  degree  of  development  of  the  central  nervous  system. 

Materials  Required  (for  entire  class). —  2  small  dogs;  .1  small  rab- 
bits; I  frog;  I  toad;  1%  atropin  sulphate  (is  c.c.);  10%  infusion 
digitalis  in  a7S%  NaCI  (s  c.c);  1%  apomorphin  hydrochlorid  (10 
c.c.)  1  large  hypodermic  syringe  and  needle;  3  frog  boards,  dissecting 
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EXERCISE  29-— TREATMENT  OF  POISONING. 


of  poisoning 

(1)  Chemic  precipitation,  neutralization,  or  destruction  of  the  poison. 

(2)  Removal  of  the  poison. 

(3)  Physiologic  antidotes, 

(4)  General  supporting  measures. 

All  treatment  must  be  as  prompt  as  possible. 

(t)  Cttemic  Antidotes. —  These  have  been  discussed  in  Exercise  14, 
which  should  be  consulted. 

(a)  Removal  of  the  Potion.— This  is  accomplished  by  washing, 
emesis,  lavage,  catharsis,  and  diuresis. 

(3)  Phyiiologk  Antidotes.— The  effects  of  depressant  drugs  are 
counteracted  by  stimulants,  and  vice  versa.  It  must  be  remembered, 
however,  that  the  action  of  stimulants  passes  readily  into  depression, 
which  would  increase  the  danger.  Antidotes  should  therefore  be 
given  in  rather  moderate  doses.  It  should  also  be  borne  in  mind  that 
physiologic  antidotes  remove  only  the  symptoms,  and  not  the  action 
of  the.  poison.  They  are  therefore  useful  only  when  the  symptoms 
are  a  direct  source  of  danger.  In  the  case  of  strychnin,  for  Instance, 
death  is  due  to  the  direct  depressant  action  of  the  drug,  aided  by  the 
exhaustion  consequent  on  the  convulsions.  Chloral,  curare,  or  arti- 
ficial respiration,  by  preventing  the  convulsions,  are  able  to  save  an 
animal  from  several  times  the  fatal  dose,  but  they  are  quite  ineffective 
against  doses  sufficiently   large  to  kill   by  the   direct  depressant  action 

(4)  General  Supporting  Measures. —  The  immediate  cause  of  death, 
with  most  poisons,  consists  in  failure  of  the  respiration.  This  should 
be  carefully  watched  and  supported  by  hot  coffee.  Should  this  prove 
insufficient,  artificial  respiration  must  be  instituted,  and  this  before  the 
natural  respiration  has  ceased.  The  patient  should  be  kept  warm. 
Pain  (from  corrosives,  etc.)  should  be  controlled  by  morphin  or  the 

Experiments.—  Numbers  I  to  V  of  the  following  experiments  illus- 
trate the  general  principles  of  treatment  on  strychnin.  The  symp- 
toms of  strychnin  poisoning  may  also  be  studied.  Observe  the  res- 
piration; the  rectal  temperature  (page  820)  ;  the  increased  reflex  ex- 
citability; the  type  of  the  convulsions,  which  occur  especially  by  reflex 
stimulation  (jarring  the  table)  :  make  a  sketch  of  the  position  of  the 
animal  during  the  convulsion.  The  spasm  is  at  first  clonic  (1.  e., 
intermittent),  then  tetanic  (fixed),  then  again  clonic.  The  animal  is 
paralytic  between  the  convulsions.  Note  the  respiration  during  and 
between  the  convulsions.  In  ease  of  death,  observe  that  the  respira- 
tion stops  before  the  heart.  Rigor  sets  in  very  early  (as  with  all 
convulsant  poisons).  If  the  animal  recovers,  keep  under  surveillance 
for  several  hours,  as  a  relapse  may  occur. 

Strychnin  is  not  absorbed  from  the  stomach  of  rabbits;  so  that  the 

Materials  Needed  (for  18  students).— 6  small  weighed  rabbits  of 
approximately  equal  size:  6  stomach -catheters  and  bulbs;  hypodermic 
syringe  and  needles  and  capsule;  six  10  c.  c.  measuring  pipettes;  six 
25-c.  c.  Kraduates;  catheter  and  glass  syringe.  '/u,%  strychnin  sulphate 
(75  c.  c.) ;  1%  KMnO,  (50  c.  c.) ;  5%  Diuretin  (30  c,  c.) ;  10%  Chloral 
(18  c.  c.)  ;  50%  Alcohol  (30  c.  c)  ;  t%  Caffein  (10  c.  c.)  (This  is 
preferred  to  the  citrate,  as  being  less  irritant.) 
>— 55 
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poisoning  occurs  only  when  the  alkaloid  reaches  the  intestine.  The 
symptoms  therefore  occur  much  latei  than  they  do  in  man.  being  de- 
layed for  half  an  hour  or  longer.  The  passage  from  the  stomach  into 
the  intestine  occurs  gradually,  and  at  a  different  rate  in  dilferent 
animals.  A  variable  amount  may  therefore  be  excreted  before  all  of 
the  poison  has  been  absorbed.  This  makes  the  fatal  dose  somewhat 
uncertain.  The  average  fatal  dose  of  strychnin  sulphate  for  rabbits, 
by  the  stomach,  may  be  placed  at  4.25  mg.  per  Kg.  A  surely  fatal 
dose  of  6  mg.  per  Kg.  is  used  in  these  experiments.  On  account  of 
the  differences  in  absorption  it  may  happen  that  some  of  the  animals 
which  have  received  antidotes  show  more  severe  effects  than  the  con- 
trol ;  but  this  is  altogether  exceptional.  The  permanganate  alone  in- 
variably prevents  all  symptoms. 

One  animal  may  be  assigned  to  each  set. 

Experiments. —  I.  Control  Rabbit.— Inject  6.0  mg,  per  Kg.  of  the 
itrychnin  sulphate  (6  c.  c.  per  Kg.  of  Vm  %)  by  the  stomach-tube. 

II.  Chemlc  Antidote  ( KM nO*).— Administer  the  same  dose  as  in 
I  and  follow  it  inunedialely  with  15  c.  c.  per  Kg.  of  1%  KMnOt-  The 
permanganate  destroys  the  strychnin  by  oxidation. 

III.  PhyaioloKlc  Antidote  (CA/orai) .— Administer  the  same  dose 
as  in  I  and  follow  it  immediately  by  0.4  Gm.  per  Kg.  of  chloral  (4 
C.  c.  per  Kg.  of  10%),  Chloral  depresses  the  central  nervous  system 
and  thus  prevents  convulsions.  This  dose  of  chloral  would  lower  the 
temperature  in  normal  animals ;  strychnin  prevents  this,  although  it 
has  itself  very  little  direct  action  on  temperature, 

IV.  Artificial  Re*pIratlon.— As  in  I,  followed  after  half  an  hour 
by  gentle  ariilicia!  respiration,  which  is  continued  for  one  hour.  The 
artificial  respiration  acts  partly  by  preventing  asphyxia,  which  is  an  im- 
portant contributor^'  factor  in  the  death  from  strychnin.  It  also  lowers 
the  reflex  excitability  of  the  nervous  centers,  and  thus  diminishes  the 
convulsions. 

V.  Elimination. —  Inject  into  the  stomach  0.5  Gm.  per  Kg.  of  Diure- 
lin  (10  c.  c.  per  Kg.  of  5%)  (this  may  be  done  before  the  demonstra- 
tion). Follow  this  in  half  an  hour  by  strychnin  as  in  I,  Wash  out 
the  bladder  every  15  minutes  (see  page  820).  The  diuretin  hastens 
the  elimination  of  the  strychnin;  but  it  is  not  uniformly  successful. 

VI.  Physiologic  Antidote.— Caffein  and  Alcohol.— Count  the 
respiration  and  take  the  rectal  temperature.  Administer  to  rabbit  by 
stomach  12  c.c.  per  Kg.  of  50%  alcohol.  When  the  paralytic  con- 
dition is  so  pronounced  that  the  animal  does  not  move  spontaneously, 
count  the  respiration.  Inject  hypodermically  20  mg.  per  I^.  of  the 
caffein  (2  c.c.  per  Kg.  of  1%).  The  animal  revives  a  great  deal  in  a 
short  time.  Take  the  respiration.  Continue  the  observations;  the 
cafFein  does  not  generally  suffice  to  improve  the  condition  permanently. 
This  is  an  instance  of  the  antidotal  effects  of  a  stimulant  to  a  depressant 
The  recovery  of  the  temperature  is  an  indirect  eflect.  as  with  strych- 
nin and  chloral :  the  stimulant  does  not  act  directly  on  the  temperature, 
but  on  the  general  depression  which  caused  the  fall. 

For  other  instances  of  treatment  and  antagonism  consult: 

Exercise  14.— Chemic  Antidotes, 

"         18  C— Carbolic   Acid,   local, 

"        32.—  Saoonin  and  Oil  on  Red  Corpuscles. 

"       55. —  Pilocarpin  and  Atropin  on  Saliva. 

54  —  Pupil 
"        67. —  Intestine. 
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Exercise  50. —  Vagus. 

"         59>  5  and  6. —  Carbolic  Acid  and  Sodium  Sulphate. 
Si4mmarige  the  effects  of  permanganate  in  Atkaloidai  poisoning,  in 
Chapter  XXXyUI,  No.  4. 

EXERCISE  30.— EMETICS  ON  DOGS. 

Study  in  connection  with  Chapters   XIV  and   XXVIII. 

Emetics  are  divided  into  two  classes ;  Those  which  stimulate  the 
vomiting  center  in  the  medulla  directly  {centrai  emetics)  and  those 
which  stimulate  it  refiexly  (local  emetics).  The  central  emetics  act 
at  least  equally  well  when  they  are  injected  hypodermically.  Apo- 
morphin  is  the  principal  example.  Local  emetics  act  by  irritating  the 
sensory  endings  in  the  pharynx  or  stomach.  They  are  effective  only 
if  they  are  administered  or  excreted  by  this  channel.  All  irritants 
belong  to  this  class ;  but  only  those  are  practically  useful  which  have 
only  a  slight  toxicity,  or  which  act  so  promptly  that  they  are  expelled 
before  absorption  can  occur. 

If  a  drug  produces  vomiting  when  injected  into  the  circulation,  and 
not  when  it  is  given  by  mouth,  its  action  is  surely  central;  and  vice 
versa.  If  it  causes  emesis  in  either  case,  the  relative  quantity  and 
the  time  required  are  taken  into  consideration:  if  it  is  more  elHcient 
by  the  circulation,  its  action  is,  at  least  mainly,  central ;  and  vice 
versa.  The  absolute  distinction  is  made  by  ligaling  all  the  vessels  of 
the  stomach,  exclusive  of  the  nerves;  a  centrally  acting  emetic  will 
now  be  effective  only  when  injected  into  the  circulation,  a  local  emetic 
only  when  placed  in  the  stomach. 

Emesis,  the  act  of  vomiting,  is  preceded  by  nausea,  and  followed 
by  depression.  The  relative  duration  of  these  stages  is  of  great  prac- 
tical  importance. 

Experiments  (Demonstration  or  Assigned). — Obwrvatlons  to  be 
Made. —  The  onset  and  duration  and  symptoms  of  nausea;  onset  and 
frequency  of  emesis ;  pulse  and  respiration  of  normal  animal,  in  nausea, 
just  before,  during,  just  after,  and  some  time  after,  vomiting.  Note 
how  soon  the  dog  will  drink  water  and  eat  meat  again.  Report  the 
results. 

Distribution  of  Work. —  Each  set  may  be  given  one  of  the  experi- 

I.  Apomorphln. —  (Consult  Exercise  28,  No.  3), —  Inject  hypo- 
dermically 2  mg.  per  Kg.  (0,2  c,c,  per  Kg.  of  1%),  Emesis  in  3  to 
IS  minutes,  repeated  several  times,     (Central  action,) 

3.  Zinc  Sulphate  or  Copper  Sulphate. —  50  c.c.  of  1%  by  stomach. 
Repeated  emesis  in  about  10  to  30  minutes.  (Irritation  of  the  stom- 
ach) 

3.  Other  emetics  may  also  be  used  by  mouth  (optional),  such  as: 

(a)  Ipecac  (2  c,c.  of  fl uidex tract ) . 

(b)  Tartar  emetic  (20  c,  c.  of  J4%). 

(c)  Mustard    (teaspoonful)  in  warm  water. 

(rf)   Ammonium  Carbonate   (20  c,  c,  of  5%  solution), 
■      (e)  Senega   (5  c.c   of   fluidcxtracl), 

4.  Paralysis  of  Vomiting  Center. —  Inject  10  mg.  per  Kg.  ('/i 
c,  c.  per  Kg,  of  4%)  of  morphin.  subcutaneously.  This  will  cause 
vomiting,  probably  by  an  action  similar  to  apomorphin    (which  Is  a 

Material  Required  (for  entire  class). —  3  dogs  recently  fed;  hypoder- 
mic syringe;  slomach-catheier ;  meat;  10  c.c,  and  2$  c.c,  graduate; 
1%   apomorphin   hydrochlorid    (s   c.c);    1%   zinc   sulphate   or   copper 

sulphate  (50  c.c);  4%  morphin  salt  (s  c.c). 
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derivative  of  morphin).  After  half  an  hour,  inject  apomorphin  as 
in  I.  This  will  be  ineffective,  as  the  morphin- stimulation  of  the  vomit- 
ing center  is  followed  by  a  profound  depression.  All  other  emetics  will 
be  similarly  ineffective.  This  is  utilized  in  experimental  lechnic,  when 
it  is  essential  to  have  an  irritant  dru^  retained  in  the  stomach. 

Summarise  the  effects  of  Apomorphin,  Copper,  and  Zinc,  in  Chapter 
XXXVIU.  Nos.  5  and  6. 

EXERCISE  31.— CATHARTICS. 

Study  in  connection  writh  Chapter  XXX. 
ExpUnatorj^. —  All  drugs  which  irritate  the  mucous  membrane  of 

the  intestine  increase  peristalsis,  and  thus  produce  catharsis.  Not 
every  irritant,  however,  can  be  utilized  Iherapentically.  The  irritation 
must  not  exceed  the  required  degree ;  the  drug  must  not  be  poisonous 
in  cathartic  doses;  the  irritation  should  be  confined  to  the  intestine, 
and  should  not  involve  the  stomach. 

A  number  of  salts,  particularly  the  sulphates  and  magiiesium,  are 
not  absorbed  from  the  intestine.  In  virtue  of  their  osmotic  pressure, 
they  also  retain  fluid  and  this  acts  as  a  mechanical  stimulus.  This 
stimulation  is  comparatively  mild,  and  is  not  accompanied  by  inflamma- 
tion.    The  feces  are  rendered  soft  or  fluid. 

Most  other  cathartics  act  chemically  and  are  more  or  less  irritant. 
As  a  rule,  this  irritant  action  is  confined  to  the  intestine;  the  irritant 
principle  being  liberated  only  by  the  chemic  processes  in  the  in- 
Many  cathartics  give  a  green  color  to  the  stools.  This  was  formerly 
attributed  to  an  increased  secretion  of  bile,  and  these  remedies  were 
therefore  called  "  chologogues."  The  name  is  still  used,  although  if 
has  been  shown  that  the  green  color  is  not  due  to  an  increased  quan- 
tity, but  to  a  lessened  decomposition  of  the  bile ;  the  quick  propulsion 
of  the  intestinal  contents  leaving  less  time  for  bacterial  decomposi- 
tion. Calomel,  the  most  typical  of  these  so-called  chologogues,  is  also 
antiseptic;  it  is  partly  converted  into  the  sulphid,  which  serves  to 
darken  the  color  still  further. 

Experiments. —  1.  (Optional.) — The  student  is  advised  to  try  on 
himself  the  action  of  cathartics  such  as  Rhubarb,  Senna,  Cascara, 
Epsom,  Glauber's,  and  Rochelle  Salts,  Cream  of  Tartar,  Sulphur, 
Manna,  Castor  Oil,  Calomel,  Compound  Cathartic  Pill.  These  can 
also  be  tried  on  animals,  if  it  is  desired,  using  for  dogs  about  H  of 
the  dose  for  man. 

Consult  also  Exercise  67. 

a.  Chologogue  Action  of  Calomel  (Demonstration). —  Place  in  an 
incubator  some  bile  in  which  a  knife -point  of  calomel  has  been 
added,  and  another  sample  without  this  addition,  for  control.  The 
color  changes  first  in  the  latter  sample. 

Materiiil  Needed. —  Incubated  bile,  with  and  without  calomel. 

EXERCISE   32.— GASTROENTERITIS. 

Study  in  connection  with  Chapter  XXVIII, 
Explanatory. —  The  most  important  phenomena  of  poiscming  by  irri- 
tants are  caused  by  ^stroenteritis.  The  principal  symptoms  consist 
in  very  severe  ahdommal  pain;  profuse  vomiting  and  diarrhea:  and 
reflex  collapse.  If  the  irritant  is  also  corrosive,  the  discharges  are 
bloody  or  otherwise  discolored.     The  stools   are   generally  very  wa- 
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Refer,  to  Exercises  15  to  18, 

Observations  Required  — Keep  in  cage  and  collect  urine.  During 
life  note  the  vomiting,  watery  diarrhea,  and  general  depression.  At 
autopsy  no^e  the  congestion  of  the  abdominal  organs,  particularly  the 
mucosa  of  the  alimentary  canal.  Observe  the  character  of  the  con- 
lenis,  and  look  for  corrosions.  Corrosions  are  most  pronounced  in 
the  ease  of  the  mercury:  their  absence  with  colchjcum.  The  lalter 
causes  intense  congestion  in  ridges.  Observe  that  the  arsenic  produces 
its  effects,  even  when  it  is  given  hypodermically  (note  parlicularly  the 
fluid  contents).  The  animal  usually  lives  several  hours,  or  longer. 
The  urine  of  mercury  and  arsenic  will  generally  contain  albumen  and 
(asts.  The  mercury  and  veratrin  animals  may  recover,  but  will  show 
erosion  of  the  stomach  on  autopsy. 

As  these  experiments  are  necessarily  painful  to  the  animal,  they 
should  only  be  demonstrated,  or  made  optional. 

Experiments. —  i.  Colchicum. —  i  c.  c.  per  Kg.  by  mouth,  to  a  dog. 

The  alkaloid  of  colchicum  is  practically  inactive;  but  is  converted 
in  the  tissues  of  mammals  into  oxydicolchicin,  which  is  the  toxic  agent. 
This  explains  the  long  interval  between  administration  and  symptoms. 
The  drug  is  not  at  all  corrosive.  It  is  supposed  thai  it  does  not  irri- 
tate directly,  but  that  it  merely  exaggerates  the  normal  irritability  of 
the  LI 


t  the  a....,_.. 

3.  Arsenate  of  Sodium. — 5  c.  c.  of  5%  hypodermically,  to  a  rablnt. 

The  symptoms  and  lesions  of  arsenic  poisoning  bear  the  closest  re- 
semblance to  those  of  local  inflammation  of  the  alimentary  tract  It 
can  be  shown,  however,  that  the  direct  irritant  or  corrosive  action  ol 
the  poison  is  entirely  inadequate  to  produce  this  inflammation,  espe- 
cially when  the  poison  is  given  hypodermically  or  intravenously.  Its 
action  is  really  due  to  a  direct  paralysis  of  the  capillaries,  with  in- 
creased permeability.  This  is  also  the  main  phenomenon  of  inflamma- 
tion. The  lesions  are  therefore  identical.  A  characteristic  clinical 
feature  of  acute  arsenic  poisoning  consists  in  the  "  rice-water  "  stools  — 
which  consist  of  a  profuse  watery  exudate  with  shreds  of  desquamated 


Summarise  the  effects  of  Colchicum  in  Chapter  XXXVIII,  No.  7. 

Materid  Required  (entire  class). —  Dog  and  3  rabbits;  graduate, 
hypodermic  syrmge,  stomach -catheter,  Fluidexiract  of  Colchicum  (root 
or  seed),  15  c.  c. ;  r  :  1,000  mercuric  chlorid  (20  c.  c.)  ;  s%  sodium  ar- 
senate (S  c.  c.)  ;  1%  veratrin  (5  c.  c). 

EXERCISE  33.— NEPHRITIS. 

Study  in  connection  with  Chapter  XXVIII, 
Explanatory. —  The  action  of  irritants  is  proportional  to  their  con- 
centration. This  is  greatest  where  ihey  enter  and  leave  the  body  —  in 
the  alimentary  canal  and  in  the  kidneys.  During  their  passage  through 
the  body  they  are  generally  diluted  to  such  a  degree  (hat  the  irritation 
of  other   tissues   is    seen   only   when    they  are   administered    contin- 
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uously.  It  may  then  lead  to  increased  formation  of  fibrous  tissue 
(arteriosclerosis  and  cirrhosis).  Nephritis,  however,  often  occurs 
acutely,  and  is  produced  by  all  absorbable  irritants.  The  inflammation 
may  involve  all  the  renal  tissues;  or  it  may  be  glomerular  or  parenchy- 
matous, according  to  the  poison.  Continued  administration  leads  to 
intestitial  nephritis. 

The  inflammation  is  characterized  by  albuminuria,  casts,  and  the 
histologic  lesions. 

ExperlmentB  (Optional). —  Rabbits  can  be  conveniently  used  for 
the  production  of  experimental  nephritis.  The  presence  of  albumen, 
casts,  and  sugar  should  be  sought  for  in  the  urine,  and  the  kidneys 
should  be  hardened,  stained,  and  examined  histologically, 

I.  Arsenic  —  IHainly  aiORierule*. —  Inject  hypodermically  10  tag. 
per  Kg.  of  potassium  arsenate.  The  urine  becomes  albuminous  in  10 
minutes.  The  glomeruli  are  dilated,  filling  Bowman's  capsule.  The 
epithelium  of  the  convoluted  tubules  is  affected  lo  a  varying  degree ; 
the  straight  tubules  are  not  involved. 

3.  Aloin  —  Mainly  Epithelium  of  Convoluted  Tubulea—  Inject 
hypodermically  a  c. c.  per  Kg.  of  a  5%  solution;  repeat  for  two  or 
three  days.    The  action  is  practically  limited  to  the  convoluted  tubules. 

3.  Chromates  —  As  Aloltt. — Inject  hypodermically  30  mg.  per  Kg. 
of  potassium  bichromate ;  nephritis  is  plain   in  24  hours. 

4.  Cantharldin  —  All  Renal  Elements. —  Inject  hypodermically  5 
mg.  per  Kg,   (dissolved  in  acetic  ether).     Albuminuria  in  10  minutes. 

5.  Mercuric  Chlorld  —  Mainly  Interstitial. —  Inject  hypodermical- 
ly  10  c.  c.  of  I  ;  1,000  solution  daily :     Albuminuria  in  2  to  3  days. 

6.  Oxalates  —  Occlusion  of  Tubules  by  Crystals  of  Calcium 
Oxalate. —  Inject  hypodermically   0.250   Gm.    of   ammonium    oxalate 

into  a  rabbit. 
Summarise  the  elfects  of  Mercury  in  Chapter  XXXVIII,  No.  8. 

EXERCISE  34.— GLYCOSURIA. 

Study  in  connection  with  Chapter  XIII. 

Explanatory.— The  presence  of  sugar  in  the  urine  may  be  due  to 
several  different  causes.  These  are  discussed  in  text-books  of  phys- 
iology. 

The  presence  of  reducing  substance  in  the  urine,  after  the  adminis- 
tration of  drugs,  is  often  due  to  glycuronic  acid,  which  is  generally 
excreted  in  paired  combination  with  the  drug.  These  urines  reduce 
Fehling's  solution,  but  do  not  give  the  fermentation  test. 

The  following  are  examples:  Copaiba  (Exercise  13,  No.  6),  Chlo- 
ral, Menthol,  Thymol,  many  volatile  oils,  Carbon-monoxid,  Chloro- 
form, Formates,  free  Oxalic  Acid,  Benzaldehyd,  Morphin. 

True  glycosuria  (in  which  the  urine  also  grives  the  fermentation 
test)  is  caused  by:  Phlorrhiiin,  Adrenalin,  Uranium,  Curare, 
Cyanids,  Atropin,  A  my  I  Nitrite,  C^romates  and  Bichromates,  Mer- 
cury, Morphin,  Cantharidin,  extensive  salt  injections,  etc. 

Many  of  these  act  by  producing  asphyxia.  Phlorrhtzin  acts  direcil; 
on  the  kidney  cells. 

Experiment*  (To  be  distributed  amongst  the  class).— i.  Phlof 
rblzln. —  (Renal  action.) — Inject  hypodermically  into  a  rabbit  %  Gm. 
of  phlorrhizin  dissolved  in  5  c.  c.  of  warm  water.  Keep  the  animal 
in   a  c^e   arranged  for  the   collection   of  urine.    If  none  has  been 

Materials  Required  (for  entire  class). — 3  rabbits,  hypodermic  sy- 
ringe, 2S  c.  c.  Braduate.  catheter,  test-tubes,  etc.,  for  sugar  test,  ii  Gm. 
phlorrhizin,  4%  morphin  salt  (5  c.  c);  Fehling's,  or  copper  sulphate 
and   NaOH  for  sujar  test. 
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passed  in  an  hour,  withdraw  by  a  catheter  (see  page  830),  and  demon- 
strate the  presence  of  su^ar  by  Fehling's  or  Trommer's  tests. 

3.  Alorphin  (Asphyxial  conversion  of  glycogen  into  glucose). — 
Inject  hypodermically  into  a  rabbit  2  to  3  c.  c.  of  4%  ciorphin.  Col- 
lect and  test  the  urine  as  in  Experiment  i.  A  respiratory  tracing 
may  be  taken  (see  page  816)  if  the  animal  shows  Cheyne- Stokes  breath- 
ing (see  Fig.  52,  page  185). 

3.  Adrenalin. —  Inject  subcutaneously  into  a  rabbit  I  to  2  c.  c.  of 
1  :  i/wo  adrenalin ;  in  two  hours,  collect  the  urine  and  test  as  in  Ex- 
periment I. 

Summarise  the  effects  of  PhlorrfUsin  in  Chapter  XXXVIII,  No.  9. 

EXERCISE  3S.— METABOLISM. 

Study  in  connection  with  Chapters  IX  and  XVI. 

Explanatory. —  Dru^s  may  alter  metabolism  directly,  by  acting  on 

the  tissues  or  on  certain  nervous  centers ;  or  indirectly,  by  influencing 

digestion,  absorption,  or  excretion ;  or  by  making  the  animal  quiet  or 

The  experimental  investigation  of  nitrogen  or  carbon  metabolism 
entails  extensive  preparation  and  surveillance  of  the  animals,  and 
time-con stmiing  analytic  methods.  The  following  experiments  are 
therefore  optional : 

Experiment*  on  Nitrogen  Metaboliam.— I>ogs  or  rabbits  may  be 
used.  Arrange  for  the  regular  collection  of  urine.  The  animals  may 
be  reduced  to  nitrogen  equilibrium  and  then  kept  on  a  uniform  diet; 
or  they  may  be  starved  until  the  nitrogen  is  practically  constant.  The 
urine  may  be  examined  for  total  nitrogen  and  for  urea.  The  follow- 
ing drugs  may  be  tried : 

Quinin :     0.05  per  Kg. 
Antipyrin  :     0,02  Gm.  per  Kg, 
Water:    Large  quantity. 
The    following    drugs    :  re    important :     Quinin    diminishes    nitrogen 
metabolism;  the  coal-tar  antipyretics  also,  but  only  in  fever.    Morphin 
diminishes  carbon   metabolism.    Phosphorus   in   toxic  doses  increases 
nitrogen   metabolism,  but    diminishes   urea.    Acids  increase   ammonia 
at  the  expense  of  urea;  alkalies  the  reverse.    Salts  and  water 

EXERCISE  36— EFFECTS  ON  TEMPERATURR 
Study  in  connection  with  Chapters  X  and  XVII. 

Explanatory. —  The  temperature  of  an  animal  is  determined  by  the 
relation  of  heat  dissipation  and  heat  production.  The  heat-regulating 
mechanism  of  warm-blooded  animals  is  able  to  keep  the  temperature 
of  the  body  constant,  notwithstanding  all  ordinary  variations  of  ex- 
ternal and  internal  conditions.  The  temperature  can  therefore  be  al- 
tered only  by  very  violent  changes,  or  more  commonly,  by  disturbing 
the  regulating  mechanism.  Several  centers  are  concerned  in  the  latter. 
Successive  stimulation  or  section  of  the  paths  is  necessary  to  distin- 
guish which  of  these  is  concerned  in  a  given  phenomenon.  These  ex- 
periments are  rather  complicated. 

By  the  use  of  the  calorimeter  and  by  the  study  of  metabolism  it  is 

Material  Required  (for  entire  class).— Rabbits,  thermometers,  stom- 
ach tubes,  and  hypodermic  syringes.  (Rabbits  4  and  7  should  receive 
the  albumose  four  hours  before  the  class  meets.)  10%  chloral  hydrate 
(i^  C.C.)  :  4%  morphin  salt  (10  c.  c.)  :  5%  cocain  salt  (to  c.c.)  30% 
Witte's  Peptone  (15  c,  c.) ;  5%  sodium  santoninate  (30  c.c);  2% 
antipyrin  (50  c.c). 
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easy  to  determine  whether  the  change  of  temperature  is  due  to  ahered 
heat  production  or  heal  loss.  The  plelhysmc^raph  will  show  whether 
changes  in  heat  loss  are  due  to  an  action  on  cutaneous  vessels.  The 
evaporation  of  sweat  may  be  excluded  by  atropin,  which  paralyzes  the 
sweat-glands. 

The  drugs  which  increase  temperature  act  generally  on  heat  produc- 
tion, by  increasing  muscular  movement.  Cocain  acts  on  the  centers 
of  the  caudate  nuclei.  The  hypodermic  injection  of  irritants,  even  o£ 
water,  and  especially  of  albumose,  produces  some  hyperpyrexia  in  rab- 
bits.    Bacterial  toxins  are  the  most  efficient  pyretics. 

The  drugs  which  lower  temperature  may  do  so  by  producing  a  gen- 
eral depression  of  the  central  nervous  system  —  a  shock  or  collapse 
action.  Alcohol,  chloral,  morphin,  etc.,  belong  to  this  class.  These 
lower  the  temperature  even  in  previously  healthy  individuals. 

The  typical  antipyretics,  on  the  other  hand,  lower  the  temperature 
only  when  it  is  abnormally  high,  i.  e.,  in  faver;  and  then  only  to  nor- 
mal. The  coal-tar  antipyretics  (acetanilid,  aniipyrin,  etc.)  act  cen- 
trally, and  increase  the  heat  dissipation  by  dilating  the  cutaneous 
capillaries.  Quinin  diminishes  the  heat  production  by  a  direct  action 
on  the  muscular  metabolism. 

Experiment!  (Optional).— ObKi-vations  Required.— Rectal  tem- 
perature (every  half  hour),  (see  page  820).  The  observations  should 
be  made  before  giving  ihe  drugs,  and  a  normal  animal  should  be  ke^t 
and  observed  under  perfectly  uniform  conditions,  to  exclude  acci- 
dental   variations.     (The   effects    are    usually    seen    in    two    to    three 

I.  Chloral  (Fall  of  temperature  by  collapie). —  Give  a  rabbit  0.6 
Gm.  per  Kg.  of  chloral  (6  c.  c.  per  Kg.  of  10%)  by  the  stomach-tube. 
There  is  a  fall  of  temperature,  general  depression  and  partial  or 
complete  anesthesia.  The  respiration  is  slower  and  more  shallow. 
(Depression  of  medullary  centers.) 

3.  Morphin  (Fall  of  temperature  by  diminution  of  metabolinn, 
and  perhap*  by  a  apeclfic  effect  on  temperature  center*).— Inject 
hypodermically  0.1  Gm.  per  Kg.  (2.5  c.c.  per  Kg.  of  4%  solution). 
The  effects  resemble  those  of  chloral,  but  are  not  so  severe.  (Test 
urine  for  sugar.)  A  respiratory  tracing  may  be  taken  (see  page  816) 
if  the  animal  shows  Cheyne- Stokes  respiration   (see  Fig.  52,  page  185). 

3.  Cocain  (Rise  of  temperature  throuKh  stimulation  of  the 
caudate  nuclcui). —  Inject  hypodermically  50  mg.  per  Kg.  (l  c.c.  per 
Kg.  of  5%).    Rise  of  temperature  of  i  to  2^  C. 

4.  Albumose  <RI*e  or  temperature).^  Inject  hypodermically  i 
Gm  per  Kg.  (s  c  c.  per  Kg.  of  20%)  :    Rise. 

S-  Santonin  (Fall,  then  rise). —  Inject  into  the  stomach  0.5  Gm. 
per  Kg.  of  Santoninate  of  sodium  (ro  c.c.  per  Kg.  of  S"^)  ■  There  is 
at  first  a  fall  of  temperature,  due  to  ihe  increased  heat  loss.  Convul- 
sions set  in,  and  when  these  are  violent,  the  temperature  ma;^  rise  on 
account  of  the  increased  muscular  activity.  When  the  convulsions  give 
place  to  paralysis,  there  is  a  second  more  profound  fall  of  tempera- 
ture. (Santonin  illustrates  typically  the  effect  of  all  convulsant  poisons 
on  temperature.) 

6.  Antlpyrin  (Little  effect  on  normal  animals). —  Give  a  rabbit 
0.1  Gm.  per  Kg.  (5  c.c.  per  Kg.  of  2%)  by  the  stomadi-tube.  There 
is  little,  if  any,  effect. 

7.  Antlpyrin  In  Fever  (Regulation  of  temperature).— Give  the 
rabbit  albumose,  as  in  Experiment  4,  and  follow  this  in  four  hours  by 
anlipyrin  (as  in  Experiment  6).  The  temperature  soon  returns  10 
normal,  whilst  that  of  4  remains  high. 

.fummanrc  Ihe  effects  of  Antipyrin  in  Ckapler  XXXVIII,  No.  10. 
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EXERCISE  37  —  STIMULATION    AND    DEPRESSION 
(INTRODUCTION). 

Study  in  connection  with  Chapter  VII, 

Pharmacologic  agenis  act  by  increasing  or  diminishing  the  normal 
functions  of  the  tissues.  They  never  create  new  functions.  Excep- 
tions to  this  rule  are  few,  and  indeed,  only  apparent.  They  depend  on 
the  exag;geration  of  a  function  which  is  normally  so  slight  as  to  he 
imperceptible;  or  "which  may  be  latent  on  account  of  unsuitable  con- 
ditions. 

An  increase  of  function  is  called  siimulatioti.  If  it  is  accompanied 
by  inflammatory  phenomena,  it  becomes  an  irritation,  and  is  necessarily 
harmful  to  the  tissue.  A  stimulation  may  be  harmless,  although  it 
tends  to  pass  into  fatigue  or  exhaustion. 

A  diminution  of  function  is  termed  depression.  If  the  function  is 
entirely  abolished,  we  speak  of  paralysis.  This  permits  of  recovery,  if 
it  involves  only  one  function.  If  alt  the  functions  are  paralyzed,  we 
have  death. 

The  majority  of  drugs  and  poisons  produce  stimulation  at  first  or  in 
smaller  doses ;  and  depression  in  larger  doses.  The  principal  differ- 
ences are  found  in  the  relative  degree  and  duration  of  the  stimulation 
and  depression.  A  fairly  large  number  of  drugs,  however,  produce 
depression  without  preceding  stimulation:  in  a  few,  the  stimulation  is 
not  followed  by  depression.  In  a  very  few  exceptional  cases,  a  depres- 
sion appears  to  precede  a  stimulation ;  but  it  is  likely  that  this  is 
merely  apparent;  for  instance,  it  may  depend  on  the  Involvement  of 
different  structures. 

The  immediate  and  late  eifecis  of  the  same  drug,  and  the  action  of 
small  and  large  doses,  are  therefore  often  opposed.  As  a  general  rule, 
the  large  doses  produce  at  first  the  effects  of  small  doses,  even  when 
they  have  the  opposite  effect  later.  It  is  customary  to  distinguish 
these  successive  actions  as  primary  and  secondary  (and  sometimes 
tertiary),  or  preferably,  as  early  and  late  affects. 

A  critical  analysis  of  the  actions  of  of  drugs  shows  them  to  be  very 
simple  in  principle :  The  great  majdrtty  produce  a  primary  stimula- 
tion and  secondary  depression  of  most  of  the  structures  to  which  they 
may  be  applied.  The  details,  however,  present  an  infinite  variety,  ac- 
cording to  the  organs  and  functions  which  are  most  affected. 

Most  drugs  have  a  selective  action,  in  this  sense.  The  detailed  study 
of  these  selective  actions  constitutes  the  special  aim  of  pharmaco- 
dynamics, and   is  of  the  greatest  importance  to  the   physician. 

It  is  rarely  possible  to  understand  the  actions  of  a  drug  by  the  ob- 
servation of  the  symptoms  which  it  produces.  Special  experiments 
are  required,  consisting  essentially  in  the  functional  isolation  of  struc- 
tures which  might  be  involved.  The  following  principles  are  generally 
applicable : 

The  structures  which  might  be  involved  are  considered  in  the  direc- 
tion of  3  reflex-chain   (Fig,  44,  jrage  121), 

In  case  of  stimulation,  the  links  of  this  chain  are  successively 
paralyzed:  The  site  of  the  stimulation  is  just  central  to  the  point  at 
which  paralysis  abolished  the  action.  The  paralysis  is  accomplished 
by  section  or  by  drugs. 

In  case  of  paralysis,  the  links  of  the  chain  are  successively  stim- 
ulated: The  site  of  the  paralysis  is  just  central  to  the  point  where 
stimulaticm  is  effective.  The  stimulation  is  made  electrically  or  by 
drugs. 

In  the  actual  experiments,  the  structures  are  not  taken  in  the  order 
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■lamed,  but  according  to  convenience  of  technic.  It  is  customary  to 
start  wiih  the  nerve  trunk  and  then  to  work  centrally  or  peripherally 
as  the  result  may  indicate. 

EXERCISE  3a— STUDY  OF  THE  LOCATION  AND  TYPE  OF 
CONVULSIONS  ON  FROGS. 


ExpiaiMtory.— This  exercise  involves  the  application  of  the  prin- 
ciples of  the  last  lesson.  Both  strychnin  and  picrotoxin  cause  convul- 
sions. The  action  might  conceivably  be  located  in  the  sensory  end- 
ings, in  the  brain,  medulla,  spinal  cord,  motor  endings,  or  muscle 
libers.  If  it  is  central,  it  could  be  due  to  direct  stimulation,  or  to  in- 
creased sensibility  to  reflex  impulses. 

The   student   will   del  ermine   the   correct   explanation   by   his   experi- 

The  type  of  the  convulsions,  when  once  seen,  gives  a  very  plain  hint 
of  the   probable   location   of   the   action.     The   student   should   tabulate 
the    distinctive    differences    between    strychnin    and    picrotoxin.     This 
will  be  facilitated  by  the  use  of  the  following  terms: 
Opisthotonus:     Body  arched  backward. 
Emfroslholonus :     Body  arched  forward. 
Clonic  Convulsions:     Intermittent,  jerky. 
Tetanic  Coni-ulsions:     Permanent  stiffening. 

Quite  a  number  of  poisons  produce  the  same  effects  as  strychnin ; 
for  instance,  small  doses  of  caffein ;  morphin  also  produces  the  same 
action,  after  a  time.     (Consult  Exercise  41,  No.   I.) 

Large  doses  of  caffein  and  veratrin  also  produce  effects  which  re- 
semble those  of  strychnin  superficially  (consult  Exercise  45).  The  ac- 
tion of  caffein,  however,  is  due  to  rigor,  for  it  persists  after  cutting 
the  nerve,  and  the  muscles  are  inexcitable.  Veratrin  acts  directly  on 
the  muscle  fiber,  for  even  the  isolated  muscle  remains  contracted  for 
a  long  time,  whenever  it  is  stimulated. 

Bxperimenti. —  Half  the  set  should  work  with  strychnin  (I),  the 
other  half  with  picrotoxin   (II). 

I.  Strychnin  (Increased  reflex  excitability  of  the  spinal  cord). — 
I.  Type  of  the  ConviilaionB.— Inject  into  the  lymph  sac  of  a  frog 
%  c.  c.  of  '/u,%  strychnin.  Observe  the  type  of  the  convulsions  care- 
fully. Note  when  they  appear ;  that  the  legs  are  extended,  and  the 
arms  flexed;  the  frog  may  be  held  horizontally  by  the  feet.  The  con- 
vulsions intermit,  the  frog  being  paralytic  between  the  spasms.  The 
spasms  may  start  with  a  cry.  Make  a  written  description  of  the  effects, 
and  draw  a  sketch  of  the  epical  tetanus. 

3.  Nature  of  the  Stimul  ■!■.—((])  Note,  on  the  above  frog,  that 
the  convulsions  appear,  as  a  rule,  only  when  the  animal  is  stimulated. 
Note  that  the  following  stimuli  are  effective :  touching,  jarring  the 
table,  sound  (clapping  hands),  electric  stimulation  of  the  skin, 

(6)  Pith  the  brain  (see  page  795)  of  the  same  frog  (or  of  another 
poisoned  by  strychnin)  and  remove  the  skin  from  the  muscle  of  one  les : 
expose  the  sciatic  nerve  (see  page  796)  of  the  same  leg;  expose  the 

Materials  Required  (for  six  students). —  8  frogs;  2  injection  pipettes: 
hypodermic  syringe  and  needle;  dissecting  apparatus;  induction  coil 
with  fittings;  2  pithing  needles.  'A'%  strychnin  sulphate  {5  c. c); 
■  :2S0  aqueous  picrotoxin  (3  c,  c);  '/«.%  strychnin  sulphate  {5  c.  c). 
-      ■        ■       ■  -,„.) 


(The  last  for  demonstration.) 
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X)eterinine  the  weakest  current  which  will  set  off  a  spasm 
if  applied  to  ttie  skin  of  the  intact  leg.  Try  the  same  current  on  the 
exposed  muscle,  nerve,  and  intestine.  Strengthen  the  current  as  neces- 
sary; an  effect  may  be  obtained,  first  from  the  nerve,  then  from  the 
skin,  then  from  the  muscles,  and  last  from  the  intestine.  Formulate 
conclusions. 

3.  Location  of  Tetanus.— Inject  %  cc.  of  Vic.%  Strychnin  into  a 
frog,  (a)  Immediately  after  the  convulsions  appear,  divide  the  sciatic 
nerve  of  one  leg;  the  leg  does  not  participate  in  Che  convulsions. 
(b)  Destroy  the  brain  in  the  same  frog;  the  convulsions  i 
(e)  E>estroy  the  medulla  in  the  same  frog;  the  convulsii 
id)  Ligate  the  leg  of  another  frog,  exclusive  of  the  e 
Inject  i^i  c.  c.  of  '/,«%  strychnin  below  the  ligature;  no  convulsions. 
Formulate  conclusions   for  Experiment  3. 

4.  (Demonstration.)  Inject  0.4  mg.  per  100  Gm.  of  strychnin  sul- 
phate (4  c.  c.  '/i»i%  per  100  Gms.)  into  a  frog.  When  the  paralytic 
condition  predominates,  place  on  ice  over  night ;  the  animal  again  be- 
comes convulsive    (the  convulsions  were  obscured  by  the  paralysis). 

(See  also  Baglioni's  experiment  and  exclusion  of  posterior  root  gan- 
glia, page  144;  the  technic  is  described  in  Edmunds  and  Cushny, 
page  75) 

II.  Picratoxin  (Stimulation  of  the  medullary  centers).— Make  the 
experiments  as  for  strychnin  (1,  i,  2a,  3a,  b.  c),  using  1.5  cc.  of 
I  :  250  solution. 

1.  The  convulsions  occur  only  after  a  period  of  depression  lasting 
to  half  an  hour.  The  animal  goes  through  a  regular  cycle  of  motions; 
a  characteristic  feature  is  that  the  legs  are  abducted  in  one  stage. 
The  animal  may  turn  a  somersault.  The  abdomen  may  be  bloated 
with  air.    Between  the  spasms  the  animal  is  'paralyzed. 

2.  Note  that  the  convulsions  may  occur  in  the  absence  of  stimula- 

3.  a  and  b.  as  in  strychnin ;  c,  the  convulsions  stop. 

III.  Optional. —  Ammonium  Carbonate  0.025  Gm.;  Camphor  (r  cc. 
of  spirits)  or  Carbolic  Acid  (l  cc.  of  1%)  may  be  used  in  place  of 
picrotoxin,  but  the  effects  are  less  typical. 

Svmituirise  the  effects  of  Picroloxin  in  Chapter  XXXVIII,  No.  tt. 

EXERCISE  39.— CONVULSANTS,   MAMMALS. 

Study  in  connection  with  Chapters  VIII,  XV.  XX,  and  XXI. 

Explanatory. —  The  effects  of  convulsant  poisons  are  very  similar 
in  frogs  and  in  mammals.  They  can  be  localiied  by  the  same  methods, 
but  the  technic  is  naturally  more  difficult  in  the  higher  animals.  Only 
the  symptoms  will  be  studied  in  this  exercise.  The  seat  of  the  action 
is  the  same  as  in  the  frog. 

Spinal  Comvhanti  produce  increased  reflex  excitability,  and  then 
tetanic  opisthotanus.  Strychnin  is  the  principal  example;  caffein  be- 
longs to  the  same  group. 

Medullary  Coavuhatits  produce  clonic  spasms  with  tendency  to 
cn^jrosthotonus.  NIcotin  and  hydrocyanic  acid  (consult  Exercise  24. 
No.  Ill)  belong  to  this  group.  They  act  by  producing  asphyxia  which 
is  the  direct  cause  of  Che  convulsions.  Veratrin,  camphor,  picrotoxin, 
cornutin,  and  some  others  act  directly  on  the  centers. 

Cerebral  ConvuUanis  act  on  the.  motor  areas.  They  produce 
rythmic  twilchings  of  muscles    (choreiform   contractions)    or  epilepti- 

Materials  Required  (for  entire  class).— 3  rabbits:  bell  jar;  hypoder- 
mic syringe  and  needle;  guinea  pig.  Vii)%  veratrin  (s  cc);  20% 
camphor  in  oil   (10  c,  c)  ;  coal  gas. 
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form  spasms.  These  are  sometiijies  seen  in  morphin  poisoning.  They 
are  also  produced  by  absinth. 

FtycMc  Excitants  produce  constant  motion,  but  of  a  purposive  type, 
plainly  due  to  excitemenl.  The  movements  may  assume  various  types: 
There  may  be  simply  an  increased  vivacity,  as  with  atropin  (see  Ex- 
ercise 28,  No.  1):  or  the  animal  may  become  maniacal,  as  sometimes 
with  Cannabis  (see  Exercise  24,  No.  II);  or  ii  may  run  constantly  in 

The  central  action  tnay  also  remain  localized  in  certain  definite  cen- 
ters. Small  doses  of  caffein,  for  instance,  cause  an  increase  of 
psychic  activity  and  tendency  to  wakefulness.  Apomorphin  acts  mainly 
on  the  vomiting  center;  the  antipyretics  on  the  temperature.  Drugs 
may  also  stimulate  the  vasomotor,  vagus,  or  respiratory  center,  etc. 

The  action  of  convulsants  on  mammals  is  often  not  sharply  local- 
ized, but  involves  different  centers  in  succession,  generally  from  the 
brain  downward.     Cocain,  carbolic  acid,  and  asphyxia  are  examples. 

It  will  be  noted,  in  the  following  experiments,  that  the  stimulation 
is  generally  followed  by  depression. 

Present  the  differences  in  the  symptoms  from  spinal  and  medullary 
convulsants  in   tabular  form. 

Experiment*  (Demonstration). —  I.  Strychnin  (Increased  excita- 
bility of  spinal  cord).  (Consult  Exercise  24,  No.  i,  and  Exercise  29.  If 
these  have  been  sufficiently  illustrative,  they  need  not  be  repeated.)  In- 
creased reflex  excitability ;  stidden  spasms ;  opisthotonus ;  intermissions 
with  paralysis.     Make  a  drawing  of  a  typical  convulsion. 

II.  Veratrin  (Stimulation  of  Medulla).— Inject  hypodermicaliy  into 
a  rabbit  i  mg.  per  Kg.  of  Vcralrin  salt  (i  c.  c._  per  Kg.  of  '/„%>. 
Repeat  in  20  minutes,  if  necessary :  salivation,  incoordination, 
irregular  convulsions,  animal  jumps  straight  up  ("bucks  ")■  Para- 
lytic condition.  If  death  should  occur,  the  respiration  stops  before 
the  heart.  (The  commercial  samples  of  veratrm  vary  considerably 
in  their  activity  and  it  may  therefore  be  difficult  to  hit  upon  the  proper 
dose  which  is  required  to  produce  the  "bucking.") 

III.  Camphor  (Stimulation  of  the  Motor  Areas  and  Medulla). — 
Administer  25  c.  c.  of  a  20%  solution  of  camphor  in  oil  to  a  rabbit  by 
stomach  tube.  The  convulsions,  which  occur  in  about  30  minutes  or 
later,  resemble  those  of  veratrin. 

IV.  Asphyxia  (Mainly  medullary  stimulation). —  Place  a  guinea 
pig  under  a  bell-jar,  and  pass  coal-gas  under  the  iar;  the  animal  gives 
signs  of  discomfort,  goes  into  incoordinated  convulsions,  and  then 
into  coma.  Remove  the  bell-jar,  and  start  artificial  respiration ;  prompt 
recovery. 

EXERCISE  40.— CENTRAL  DEPRESSANTS,  MAMMALS. 

Study  in  connection  with  Chapters  IX  and  XIX. 

ExpUnntory. —  Central  depressants  may  involve  the  same  struc- 
tures as  the  convulsants.  The  action,  however,  is  not  usually  localized 
as  sharply:  especially  when  different  doses  are  compared.  The  order 
in  which  the  centers  are  paralyzed  is  generally:  Brain,  spinal  cord, 
medulla. 

Depression  of  the  brain  interferes  in  the  first  place  with  the  higher 
psychic  processes :   this   passes   into   sleep,   and   finally  into   anesthesia. 

Materials  Needed  (for  entire  class). —  3  small  dogs;  1  cat;  I  rabbit; 
2  guinea  pigs;  5  c. c.  hypodermic  syringe  with  large  needle;  stomach- 
catheter  and  bulb;  rectal  thermometer:  measuring  pipette;  tumbler  and 
cotton.  4%  morphin  sulphate  (s  c.c.)  ;  ether  (100  c.c);  chloral,  10% 
(15  c.  c);  ethyl  chlorid:  25%  MgSO.  (20  c.c). 
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Depression  of  the  spinal  cord  leads  to  loss  of  reflex  excitability ;  de- 
pression of  the  medulla,  to  fall  of  blood  pressure,  quickening  of  the 
pulse,  slowing  of  respiration,  and  fall  of  tem^ierature.  The  location 
of  Ihe  action  of  (he  depressants  is  therefore  indicated  by  the  symptoms. 

The  readiness  with  which  the  successive  stages  ma/  be  produced, 
and  their  duration,  varies  with  each  drug,  and  determines  its  uses  in 
therapeutics. 

Those  which  act  mainly  on  the  higher  centers  are  used  for  the  relief 
of  pain  (analgesics)  or  for  producing  sleep  (hypnotics)  :  Morphin, 
Cannabis,  Alcohol,  Giloral. 

Those  which  act  profoundly  on  the  brain  and  spinal  cord  are  em- 
ployed for  operative  anesthesia  I'general  anesthetics):  Ether,  Chloro- 
form, Ethyl  Chlorid,  etc. 

Paralysis  of  the  medulla  (Chloral,  Chloroform)  is  only  utilized  in 
experimental  technic ;  but  it  is  important  as  a  source  of  danger  in 
anesthesia.     It   is  treated  mainly  by  artificial   respiration. 

It  will  be  remembered  that  most  central  stimulants  also  produce 
some  depression ;  similarly,  the  depressants  often  cause  some  stimula- 
tion. Morphin  may  produce  excitement  in  certain  individuals;  it  may 
also  stimulate  the  vomiting  and  defecating  and  motor  centers.  It 
always  increases  the  reflex  excitability  of  the  spinal  cord,  and  may 
even  cause  typical  strychnin  spasms  in  the  lower  animals. 

Alcohol  and  the  general  anesthetics  produce  a  preliminary  stimuU' 
tion.  This,  however,  is  not  due  to  a  direct  stimulant  action,  but  to 
inhibition  of  restraining  centers,  and  to  reflex  stimulation. 

Experiments  (To  be  distributed  amongst  the  class) : 


36,  ■■  I.   Chloral. 

"        36,  "  11,   Morphin. 

"         30,  "  4,  Morphin. 

"       34,  "  2,  Morphin. 

"         39,  '■  IV,   Asphyxia. 

(If  the  chloral  and  morphin  experiments  have  been  sufficiently  illus- 
trative, they  need  not  be   repeated.) 

I.  Morphin. —  (o)  Dog. —  Observe  the  pulse,  respiration,  tempera- 
ture, reflexes,  and  pupils  of  a  dog,  taking  care  that  the  animal  is  not 
excited.  Inject  hypodermically  2  c.  c.  of  4%  morphin  and  carefully 
observe  the  effects.  The  animal  will  protibly  vomit  and  pass  feces 
and  sometimes  urine,  (Stimulation  of  medullary  and  spinal  centers?) 
The  respiration  may  be  temporarily  quickened,  but  will  soon  become 
slowed  and  more  shallow  (stimulation  and  depression  of  the  respira- 
tory center).  A  tracing  may  be  taken  (see  page  8t6  and  Fig,  52,  page 
185).  The  pulse  rate  will  decrease  (stimulation  of  vagus  center).  The 
temperature  falls  (general  lowering  of  metabolism).  The  pupils  are 
variable  (central  action).  The  animal  becomes  more  quiet:  does  not 
move  spontaneously,  and  the  movements  are  shivering.  The  hind  legs 
are  especially  affected,  and  may  be  dragged  when  the  animal  walks. 
The  dog  does  not  usually  fall  asleep;  but  pain  is  felt  less  acutely. 
The  reflexes,  however,  are  not  diminished. 

The  effect  is  on  the  whole  a  central  depression ;  the  action  differs 
from  that  on  man  mainly  by  the  absence  of  sleep,  and  by  the  presence 
of  the  diarrhea,  by  the  variability  of  the  pupils,  and  by  the  more  pro- 
nounced motor  disturbances. 

(6)  Cat. —  Observe  oupils,  respitation,  and  pulse.  Inject  hypo- 
dermically I  e,  c.  of  4%  moiyhin.  The  effect  i  '  ■  -  ■ 
running  about.    The  pupils  dilate. 
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(c)  Guinea  Pig.— Take  the  temperature  and  respiration.  Inject 
hypodermically  i  c.  c.  of  4%  morphin.  The  animal  is  depressed,  and 
may  perhaps  die  eventually ;  but  death  is  preceded  by  convulsive  shiv- 
ering, which  can  be  felt  hy  suddenly  lifting  the  animal. 

II.  Chloral. —  Take  the  temperature  and  respiration  of  a  rabbit. 
Inject  into  the  stomach  0.6  Gm.  per  Kg.  of  Chioral  (6  c.  c,  per  Kg. 
of  10%)  and  note  the  effects.  The  rabbit  becomes  depressed;  this 
may  increase  until  the  animal  lies  motionless  on  its  side.  Lift  a  leg 
and  note  that  there  is  no  muscular  resistance;  painful  manipulations 
produce  no  eflect.  The  respiration  is  slow  and  shallow  (depression 
of  the  respiratory  center).  The  temperature  falls  greatly  (increased 
loss,  and  diminished  production  of  heat,  due  to  the  general  depres- 

III.  Ether  (see  page  803). —  Take  the  pulse,  respiration,  and  tem- 
perature of  a  dog ;  also  note  the  pupils.  Pour  a  tablespoonful  of 
ether  on  a  sponge  or  cotton,  and  apply  to  the  mouth  of  the  dog,  cover- 
ing the  entire  mouth  closely  wilh  a  folded  towel.  The  dog  must  be 
held  firmly  between   the  knees.     The  animal  at  first  struggles   fiercely 

(first  stage  of  anesthelia ;  due  mainly  to  reflex  irritation  and  to 
asphyxia).  The  struggles  soon  cease,  the  animal  becomes  quiet  and 
falls  on  its  side.  Lift  a  leg  and  note  that  there  is  no  muscular 
resistance.  Painful  impressions  (pinching)  produce  no  reaction.  The 
conjunctival  (winking)  reflex  usually  persists  until  very  late.  The 
respiration  is  slowed  and  shallow.  The  temperature  falls.  The  pupils 
are  variable,  but  usually  constricted.  The  pulse-rate  is  slowed.  With- 
draw the  ether  and  note  that  the  animal  recovers  consciousness  rapidly, 
and  that  all  the  functions  undergo  improvement.  Some  degree  of 
depression  and  motor- incoordination  persists,  and  the  animal  remains 
nauseated  and  very  thirsty  for  some  time.  The  effects  of  the  ether 
bear  a  close  resemblance  to  that  of  chloral ;  but  with  chloral  the  strug- 
gling is  absent,  and  the  anesthesia  more  persistent. 

IV.  Ethyl  Chlorid.—  Put  some  cotton  in  a  tumbler.  Spray  on  this 
about  a  teaspoontui  of  ethyl  chlorid.  Invert  over  the  mouth  of  a 
dog,  wrap  with  a  towel.  Anesthesia  occurs  very  promptly,  and  re- 
covery follows  as  quickly  when  the  tumbler  is  removed.  The  anesthe- 
sia is  a  mixed  effect  of  the  very  quickly  acting  anesthetic,  and  of 
asphyxia. 

V.  M agneilnm. —  Inject  hypodermically  into  a  guinea  pig  5  c.  c. 
per  Kg,  of  25%  MgSO.  (or  into  a  rabbit.  7  c.  c.  per  Kg.):  Complete 
anesthesia  in  an   hour,   followed  by  complete  recovery. 

EXERCISE  41.— CENTRAL  DEPRESSANTS!  FROGS, 

Explanntory.— This  exercise  should  be  compared  with  Exercise  4a 
It  will  be  seen  that  the  phenomena  are  essentially  similar.  The  suc- 
cessive, descending  paralysis  of  the  higher  centers  by  morphin  is  much 
more  sharply  defined. 

Each  set  of  three  students  may  take  one  of  the  experiments. 

Experiment*. —  I.  DcKending  Central  Parafyila  (Morphin). —  Ii- 
ject  into  the  lymph  sac  of  a  frog  50  mg,  of  morphin  sulphate  dW  c.c. 
of  4%).  Observe  the  symptoms  (which  correspond  to  the  ablatiop 
of  the  central  nervous  system  at  successively  descending  levels).     The 


Materials  Needed  (for  12  students).— 4  frogs,  morphinized  frog;  in- 
jected several  hours  before  the  exercise;  frog  board;  2  tumblers;  in- 
duction coil;  pipettes;  cotton.  4%  morphin  solution  {2  c.c):  9.S% 
alcohol  (2  c.c.) ;  10%  chloral  (2  c.c);  ether  (10  c.c) ;  25%  MgSO* 
(5  cc). 
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animal  at  first  becomes  <]uiet,  and  does  not  move  spontaneously;  it 
sits  erect,  however,  and  jumps  if  stimulated.  Place  the  animal  on  a 
small  board,  and  tilt  the  head-end  slowly  up:  the  animal  will  climb 
up  ihe  board  (if  observed  sufficiently  early:  later  it  will  not  do  so). 
Laid  on  iis  back  it  recovers  its  normal  position.  Place  the  morphin 
frog  and  a  normal  frog  in  a  tumbler  filled  with  water,  and  inveri  this 
over  a  large  jar  filled  with  water  (not  admitting  any  air  into  the  tum- 
bler). Both  frogs  will  rise  to  the  top  to  breathe;  but  the  normal  frog 
finding  no  air,  will  dive  down  and  out  of  the  tumbler;  the  morphinized 
frog  remains.  Remove  it  from  the  tumbler  and  observe  that  it  can 
swim.  Remove  from  the  water.  As  the  action  of  the  poison 
progresses,  the  hog  will  sit  more  flat.  Laid  on  its  back  it  makes  in- 
effectual efforts  to  turn.  Still  later  the  frog  lies  quite  flat,  makes  no 
effort  to  turn,  and  cannot  swim.  On  pinching  the  toe,  the  leg  still 
contracts.  This  shows  that  the  cord  and  the  peripheral  sensory  and 
motor  nerves  are  not  paralyzed.  Lay  the  frog  aside ;  in  the  course  of 
some  hours,  or  on  the  next  day,  the  animal  is  found  in  typical  strych- 
nin convulsions.  (One  of  the  frogs  may  receive  the  morphin  several 
hours  beforehand,  and  the  convulsions  demonstrated.) 

II.  Alcohol. —  Inject  into  the  lymph-sac  of  a  frog  about  0.5  c.  c.  of 
alcohol  (95%) :  Paralysis,  abolition  of  reflexes,  and  respiration. 
Some  preliminary  excitement,  due  to  local  irritation. 

III.  Chloral. —  Inject  into  lymph-sac  of  frog  i  c.  c.  of  10%  chloral: 
Effects  as  with  alcohol. 

IV.  Ether. —  Place  a  frog  under  an  inverted  tumbler  containing 
some  cotton  saturated  with  ether ;    Effects  as  with  alcohol. 

V.  MurnMinm. —  Inject  into  lymph  sac  0.8  c.  c.  of  25%  MgSOi  for 
each  10  Gm.  of  frog.    Complete  anesthesia  in  an  hour.    Recovery  by 

EXERCISE  42.— PERIPHERAL  MOTOR   PARALYSIS,  FROGS. 

Study  in  connection  with  Curare.  Chapter  XII, 
Explanatory. —  To  determine  whether  a  motor  paralysis  is  central 
or  peripheral,  the  sciatic  nerve  is  exposed  and  stimulated  electrically. 
If  there  is  no  response,  the  paralysis  is  peripheral.  If  the  muscle  con- 
tracts, the  central  seat  of  the  paralysis  is  located  by  successive  stimula- 
tion of  the  cord  and  medulla. 

A  peripheral  paralysis  may  be  in  the  nerve-trunk,  the  endings,  or 
the  muscle  fiber.  No  drug  is  known  which  acts  selectively  on  the 
motor  nerve-trunk  when  applied  systemically.  The  possibility  of  this 
action  may  be  excluded  by  the  curare  experiments  described  below. 
If  the  motor  endings  are  paralyzed,  the  muscle  will  contract  if  the 
electrodes  are  laid  directly  upon  it.  This  effect  is  produced  most 
typically  by  curare ;  but  it  is  also  shared  to  a  minor  degree  by  strych- 
nin, coniin,  lobelin,  camphor,  organic  ammoniums,  etc.  These  drugs, 
however,  have  other  actions,  which  are  much  more  powerful,  and 
which  generally  kill  the  animal  in  doses  much  ,  smaller  than  those 
required  to  produce  the  curare  effect.  This  may  therefore  be  very 
incomplete,  or  may  be  demonstrable  only  by  local  application  to  fret's 
muscles. 

Materials  Needed  (for  18  students). —  6  frogs:  dissecting  tools:  1 
c. e.  injecting  pipettes  (3) ;  2  Capsules  and  slides:  6  induction-coils  with 
batteries  and  electrodes.    Demonstration, —  Belljar,   cigar,   frog. 

Solitlions  (all  in  normal  saline).— '/J%  curare  (s  c.c);  '/«% 
curare  (20  c.  c.) ;  0.2%  nicolin  (5  c,  c.)  ;  0.1%  nicotin  (20  c.  c) ;  0.1% 
physostigmin  (10  c.c.) ;  '/»%  sapotoxin  (10  c.c). 
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Experiments. —  One  experiment  may  be  assigned  to  each  set  of 
three  sliidents.  For  instance:  Set  A  =  I,  i  and  2:  B  =  I,  3:  C  =  I, 
4  and  s;  D  =  II.  i  and  2;  E=II,  3:  F  =  IV:  III  =Denionstration. 
If    the    curare    ex  peri  men  I    has    been    performed    satisfactorily    in    the 

(hysiology  course,  No.  I,  1  —  3.  need  not  be  repeated. 
.  Paralyali  of  the  Nerve  Ending!  In  Striped  Muccle  (Curare). 

1.  General  Symptoms. —  Inject  ^  to  1  c.  c.  of  a  >4%  solution  of 
curare  into  the  lymph-sac  of  a  frog,  repeating  the  dose  every  20  min- 
utes if  necessary.  Note  ihe  general  symptoms ;  the  reflexes  disappear 
and  the  frog  shows  a  general  muscular  paralysis,  but  without  the 
preceeding  cerebral   depressions   which   was  observed  with  morphin.' 

2.  Seat  of  Ihe  Paralysis. —  When  the  reflexes  have  entirely  disap- 
peared in  the  above  frog,  isolate  and  stimulate  a  sciatic  nerve  (see 
page  706).  There  is  no  respdnse  (or  if  the  poisoning  is  incomplete, 
only  a  slight  contraction).  The  paralysis  is  therefore  peripheral  to 
the  cord.  Apply  the  electrodes  directly  Co  the  muscle ;  there  is  a 
strong,  norma!  contraction.  The  muscle  fibers  are  therefore  not 
paralyzed.  The  curare  must  therefore  act  either  on  the  nerve-trunk, 
or  on   its  endings. 

3.  Seal  of  Paralysis,  Continued  (Oaude-Bernard's  Experiment). — 
Take  another  frog,  pith  its  brain,  and  ligate  one  leg,  excluding  the 
sciatic  nerve.  Inject  the  dose  of  curare  used  in  (i>  into  the  lymph- 
sac,  and  allow  it  to  develop  its  action.  Stimulate  the  sciatic  nerve  of 
both  legs;  the  unligated  leg  does  not  respond,  the  ligated  leg  con- 
tracts. Direct  stimulation  of  the  muscle  produces  contraction  in  either 
leg.  The  ligature,  which  prevented  the  action  of  the  curare,  excluded 
the  poison  from  the  nerve  endings,  but  not  from  the  greater  part  of 
the  nerve-trunk.  It  follows  that  the  curare  paralyzes  exclusively  the 
(motor)  nerve  endings. 

4.  Seal  of  Paralysis.  Continued, —  The  conclusions  of  2  and  3  may 
be  arrived  at  more  simply,  and  on  one  animal,  as  follows :  Fit  a 
slide  across  a  small  evaporating  dish  containing  some  '/«%  curare 
solution  in  normal  saline ;  the  solution  should  not  reach  the  slide. 
Make  two  muscle-nerve  preparations  (see  page  797)  from  a  fresh 
frog,  determine  the  smallest  current  (see  page  799)  which  will  give 
contraction  when  applied  to  the  nerve,  and  directly  to  the  muscle.  Lay 
the  muscle  of  one  preparation  on  the  slide,  letting  the  nerve  dip  in  the 
solution.  Lay  the  nerve  of  the  other  preparation  on  the  slide,  letting 
the  muscle  lay  in  the  solution.  Remove  the  preparations  every  five 
minutes,  testing  their  excitability  as  described  above;  replace  them, 
and  repeat  as  often  as  necessary.     Present  the  results  in  tabular  form: 

Stimulation  of:  Nerve  im  solution. Muscle  in  solution. 
Distance  of  coils:  Muscle.  Nerve.  Muscle.  Nerve. 
Before  laying  in  solution,.         


The  nerve  which  has  lain  in  the  curare  retains  its  its  excitability. 
The  preparation  of  which  the  muscle  has  lain  In  the  solution  becomes 
inexcitable  to  stimulation  by  the  nerve;  the  muscle  llself  retains  its 
excitability.  The  action  of  the  curare  must  therefore  be  on  some 
structure  between  the  nerve-trunk  and  the  muscle  fiber. 

5,  Antagonistic  Action  of  Physosligmin. —  Lay  the  curarized  muscle 
of  the  last  experiment  tn   I  :  1,000  Physostigmin    (in  normal  saline). 
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Test  the  excitability  from  time  to  time :    Some  recovery  occurs,  the 

{hysostigmin  removing  the  curare  block. 
I.  Partial  Curare  Action  and  aeneral  Depression  (Nicotin). 

1.  Inject  into  the  lymph-sac  of  a  frog  2  mg.  (=1  c.  c,  of  0.2%) 
nicotin.  Note  that  the  frog  becomes  gradually  depressed,  assuming 
the  characteristic  positions  illustrated  in  Fig.  61,  page  263.  (Note  the 
peculiar  twitching  of  the  muscles.  Divide  one  sciatic  nerve ;  the  twitch- 
ings  cease.  Stimulate  the  nerve ;  they  reappear.  The  seat  of  this 
action  is  therefore  in  the  muscle  or  endings,  but  it  can  only  find  ex- 
pression if  the  nerve  is  stimulated  from  the  brain  or  electrically.) 

3,  Make  a  muscle-nerve  preparation  from  the  frog,  and  test  the 
quantity  of  current  required  (i.  e.,  the  distance  of  the  coils)  to  obtain 
a  contraction  If  the  electrodes  are  applied  to  the  nerve,  and  if  they  are 
placed  directly  on  the  muscle;  less  current  is  needed  on  the  muscle. 
Since  the  reverse  is  the  case  in  a  normal  preparation,  it  is  evident 
that  the  nicotin  must  have  depressed  the  nerve-trunlc  or  the  endings. 

3.  Test  the  effect  of  1:1,000  nicotin  on  the  excitability  of  muscle 
and  nerve,  as  in  No.  I.  4.  It  will  be  seen  that  the  drug  depresses  first 
the  ending,  then  the  muscle,  then  the  nerve-trunk. 

4.  (Optional.)  The  following  drugs  may  be  used  in  place  of 
nicotin : 

In  LrupB-SAC.        Locally 

(in  a75  saline) 

Camphor  0.1  Gm.  Saturated 

Lobelia   2  Gm.  4% 

Conium    2  Gm.  4% 

Coniin    10  mg.  0.2% 

Lobelin 10  mg.  0.2% 

Strychnin  1% 

in.  Nicotin  in  Smoke  (Demonstration). 

Take  a  small  tubulated  bell-jar  fitted  with  a  do  biy  perforated  stopper. 
One  of  the  perforations  bears  a  tube  reaching  just  below  the  stopper. 
Into  the  other  opening  of  the  cork  fit  the  drawn-out  end  of  a  wide 
glass  tube.  This  end  should  reach  to  near  the  bottom  of  the  jar.  In 
the  other  end  of  this  tube  fit  air-tight  a  cigar,  wi::i  the  end  cut  off. 
Place  a  frog  under  the  bell-jar;  fix  the  latter  with  vaseline  on  a  glass 
plate.  Light  the  cigar,  invert  a  bottomless  test-tube  over  it,  and  blow 
the  smoke  into  the  Jar.  The  frog  will  show  the  same  symptoms  as 
in   n,   I,   since   the   nicotin    is   the   main   active   ingredient   of   tobacco 

IV.  ParalyslB  of  the  Muicle  (Sapotoxin). 

Test  the  excitability  of  any  muscle  of  a  frog  (see  page  709)  (direct 
stimulation) ;  place  it  in  a  '/»%  solution  of  crude  saponin  in  0.75% 
NaCI,  and  note  loss  of  excitability  from  time  to  time. 

Other  protoplasmic  poisons  also  paralyze  the  muscle  cells  directly: 
e.  g.,  cocain  or  quinin  (l  ;  1,000  to  I  ;  100  solutions).  Apomorphin and 
copper  salts  have  the  same  effect,  even  when  injected  syslemically. 

Summarite  the  effectt  of  Sapotoxin  in  Chapter  XXXVIll,  No.  iz. 

EXERCISE  43-— PERIPHERAL  SENSORY  PARALYSIS. 

Study  in  connection  with  Chapter  X. 
Explanatory.^ —  Sensory  paralysis  is  evidenced  by  failure  to  respond 
to  sensory  stimuli  (motor  paralysis  having  been  excluded  by  stimula- 
tion of  the  sciatic  nerve).  Central  paralysis  is  excluded  by  stimula- 
tion of  an  afferent  nerve-trunk.  If  this  proves  effective,  the  sensory 
paralysis  is  peripheral.  This  may  involve  the  nerve  libers,  endings,  or 
1-56 
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sensory  end  cells.  It  is  rot  always  possible  to  distinguish  absolutely 
between  these.  Nerve-Crunks  are  only  paralyzed  by  direct  application. 
As  a  general  rule,  this  paralyzes  both  sensory  and  motor  ^bers,,  but 
the  sensory  fibers  are  afFected  much  more  readily.  It  is  somewhat 
«asier,  however,  to  demonstrate  the  paralysis  of  the  motor  functions, 
as  in  the  experiments  below. 

Sensory  depressants  are  utilized  for  local  anesthesia.  General  anes- 
thesia may  be  produced  Ly  injecti  ig  ihem  into  the  subdural  canal.  It 
must  be  remembered  that  they  need  to  be  brouglit  into  direct  con- 
tact with  the  structure  to  be  paralyzed.  They  are  quite  inactive  on 
surfaces  from  which  they  are  not  absorbed,  such  as  the  intact  mam- 
malian skin.  On  the  other  hand,  they  are  effective  on  mucous  mem- 
branes and  the  frog's  skin.  In  other  situations  they  are  used  by  hypo- 
dermic injection  or  painted  on  the  nerve,  or  injected  under  its  sheath. 
Cocain  and  its  substitutes  are  the  bert  example;  of  local  anesthetics. 

None  of  the  peripheral  set,;ory  depressants  are  sufficiently  selective 
to  act  from  the  circulation  withoi'*  producing  general  intoxication. 
They  are  theiefore  used  locally,  and  in  the  case  of  local  anesthetics 
the  action  is  further  confined  to  the  place  of  application  by  restricting 
the  circulation  with  a  bandage  or  by  suprarenal  alkaloid. 

Sensory  anesthesia  r  ay  also  be  produced  by  very  powerful  sensory 
stimulation.  Most  irritants  are  succeeded  by  anesthesia.  Aconite  and 
menthol  are  examples. 

Experiments. —  Consult  the  action  of  cocain  in  the  eye:  Exercise 
37,  No.  3 ;  and  Exercise  54.  Each  set  of  students  should  do  Nos.  I, 
II,  and  V  a.  Nos.  Ill,  IV  a,  b,  and  c,  and  V  6,  may  be  distributed 
amongst  the  sets, 

I.  Aneithetic  Action  on  the  Tongue.—  Place  the  drug  on  the  tip 
of  tongue  (or  saturate  a  small  piece  of  filter  paper  with  the  solution 
and  place  on  tongue)  and  test  the  sensibility  to  touch.  Use  one  of 
the  following:  (0)  Cocain,  a  drop  of  1%;  (6)  Eucain."  drop  of  1%; 
(<r)  Yohimbin  (chew  5  mg.  tablet);  (d)  Aconite  (drop  of  10%  tinc- 
ture).    In  the  last,  the  anesthesia   is  preceded  bv  prickling. 

II.  Paralyiii  of  Tart«  Endings.—  (a)  (S/'fcific.—  Verba  Sanio),— 
Note  the  difference  in  taste  of  a  plain  V,o%  solution  of  quinin  hydro- 
chlorid,  and  the  same  solution  after  the  addition  of  10%  of  fluid- 
extract  of  Verba  Santa. 

(b)  (General.— Cocain.)  —  p]a<:e  a  drop  of  1%  cocain  on  the 
tongue ;  after  a  few  minutes  apply  a  drop  of  the  quinin  solution ;  no 

(rl  (By  Overstimulation. —  Slrychntn.')  —  Place  a  few  drops  of 
Vii»%  strychnin  on  the  tongue,  and  then  a  little  10%  sugar  solution; 
no  tweet  taste. 

Hi.  Pnraiyiis  of  Scnmry  Nerve  Endings  (Cocain,  Frog's  Foot).— 
Dip  the  fool  of  a  frog  into  a  1%  cocain  solution.  Compare  the  ex- 
citability of  this  foot  (electric  stimulation,  pinching,  0.1%  HCl.  etc.) 
with  the  normal  foot  from  time  to  time.  The  reflex  (and  sensation) 
will   be  completely  lost  inside  of   10  minutes, 

IV.  Paralysis  of  Nerve-Fibers  by  Direct  Application.—  Make  two 

Materials  Needed  (for  la  students). —  3  frogs;  dissecting  tools:  3 
induction  coils;  fi Iter- scrap :  3  camel's  hair  brushes.  1%  eucain  (5 
c.  c.)  :  yohimbin  tablets;  10%  aconite  (s  c.  c)  ;  0.1%  quinin  hydro- 
chlorid  (10  c.c);  same  in  10%  F.  E.  Verba  Santa  (to  c.c):  1% 
cocain  (10  c.c):  ,■;%  ($  c.c);  '/,„%  strychnin  (10  c.c):  10%  cane 
sugar  (25  cc):  2%  HCN  (s  cc);  ethyl  chlorid  tube;  25%  MgSa 
(5  cc). 
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muscle-nerve  preparations  (page  797) ;  test  the  excitability  of  the 
nerve.  Then  paint  on  one  (a)  a  5%  solution  of  cocaia,  on  the  other 
{b)  2%  hydrocyanic  acid;  note  that  the  excitability  diminishes  and 
disappears.  )A'ash  the  nerve  in  normal  saline;  the  excitability  re- 
turns (f);  do  the  same  experiment  with  25%  MgSO..  (This  experi- 
ment may  also  be  tried  w^th  elher;  or  the  nerve  may  be  exposed  to 
COi  in  a  gas  chamber;  it  can  also  be  demonstrated  ttiat  morphin  has 
no  effect.) 

(rf)  {Optional  Experiment.)  The  fact  that  ether  depresses  the 
conductivity  as  well  as  the  excilabitity  of  the  nerve  can  be  demcai- 
strated  by  arranging  the  sciatic  nerve  of  a  muscle-nerve  preparation 
in  a  small  gas  chamber  on  two  pairs  of  electrodes,  which  are  applied 
to  the  proximal  and  distal  extremities,  of  the  nerve.  On  conducting 
ether  vapors  into  the  chamber,  the  excitability  disappears  first  at  the 
end  of  the  nerve  which  is  farthest  removed  from  the  muscle. 

V.  Freezing.— (a)  Spray  some  ethyl  chlorid  on  the  back  of  the 
hand ;  This  produces  pain  and  then  anesthesia.  (6)  Decapitate  a 
pithed  frog  and  trim  ^way  the  viscera,  so  as  to  expose  the  sciati:: 
plexuses.  Expose  the  sciatic  nerve  of  one  thigh  (page  796),  witfiout 
cutting  or  injuring  it,  and  support  it  on  a  match-stick.  Lay  the  frc- 
with  the  ventral  surface  upward,  arrange  electrodes  on  the  plexu:;;, 
and  see  that  a  weak  stimulation  is  effective  (flexing  the  knee  before 
stimulating).  Freeze  the  exposed  sciatic  by  a  spray  of  ethyl  chlorid. 
The  leg  will  make  some  spontaneous  contraction  during  the  freezing, 
but  in  a  short  time  it  will  cease  to  respond  to  Ihe  electric  stimulation 
of  the  plexus,  the  conductivity  of  the  nerve  being  paralyzed.  Remove 
the  spray  and  melt  the  nerve  by  the  heat  of  the  Anger ;  the  stimulation 
again  becomes  effective  after  a  time. 

EXERCISE  44.— PROTOPLASMIC  DEPRESSANTS. 

Study  in  connection  with  Chapter  VII. 
Explanator}'. —  These  paralyze  nervous  and  muscular  structures, 
but  differ  from  the  muscle-nerve  poisons  by  acting  also  on  monocellu- 
lar organisms,  and  often  even  on  ferments.  These  actions  were 
studied  in  Exercises  10  B  and  zo.  They  can  also  be  observed  con- 
veniently on  ciliated  cells  and  on  vegetable  seeds. 
Experiments: 

I.  Paralyiii  of  Cilia  (To  be  assigned  to  a  few  sets).— (a)  Ciit  off 
the  lower  Jaw  of  one  of  tlie  frogs  used  in  a  former  experiment,  so  as 
to  expose  the  ciliated  mucosa  of  the  pharynx  and  cesophagus.  Irri- 
gate with  normal  saline  solution.  Determine  the  time  which  a  small 
bit  of  cork  requires  to  travel  a  certain  distance  (which  may  be  marked 
off  by  pin-pncks).  Take  a  number  of  observations.  Irrigate  with 
the  ether  solution,  and  after  a  few  minutes  repeat  the  observations. 
It  will  be  found  that  the  ciliary  movement  is  greatly  slowed  or  ar- 
rested. If  the  cilia  have  not  been  too  profoundly  injured,  th^  may 
recover  if  they  are  thoroughly  washed  with  normal  saline  solution. 

(6)  The  ether  may  also  be  administered  in  vapor  form,  by  support- 
ing the  <ESOphagus  on  a  small  stand  in  a  tumbler,  which  contains  a  little 
cotton  saturated  with  ether,  and  which  is  covered  by  a  glass  plate. 

II,  Oermlnation  ol  Seed*  (Opiioticl).—"  Arrange  two  8-ounce  wide 
mouth  Dottles  with  stoppers  fitted  with  glass  tubes,  letting  one  tube 
extend  to  near  the  bottom  of  the  bottle.  Suspend  in  each,  by  means 
of  cotton,  a  dozen  seeds  —  corn,  wheat,  clover,  beans,  etc. —  and  Intro- 
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duce  just  enough  water  to  maintain  a  saturated  vapor.  "Set  both 
bottles  in  a  window.  Through  one  pass  ether  vapor,  through  the 
other  air,  twice  a  day  for  a  week.  The  seeds  in  both  will  swell  from 
the  absorption  of  water,  but  only  the  boitle  with  pure  air  introduced  . 
will  grow.  Reverse  the  two.  The  sprouting  grain  will  have  its  growth 
checked  and  the  etherized  seeds  will  begin  to  grow." — (C.  W.  Greene.) 

EXERCISE  45.— THE  EFFECTS  OF  DRUGS  ON   STRIPED 
MUSCLE, 

Study  in  connection  with  Chapters  VIII.  XV,  and  XVI. 

Review  the  technic,  pages  796  I  ■  790- 

Explanatory. —  The  actions  i  f  drugs  on  stripd  muscle  are  searcelj 
ntilized  in  therapeutic:,  but  they  help  to  explain  the  effects  on  the 
cardiac  muscle,  which  are  very  important.  They  are  also  of  consid- 
erable scientific  interest.  The  effect;  may  involve  the  form  of  the 
contraction  curve,  its  heigh!,  the  rapidity  of  contraction  or  of  relaxa- 
tion, the  load  which  th:  muscle  can  lift,  the  total  work  which  it  can 
perform,  the  promptn;s£  of  fatigue,  the  minimal  effective  stimulus, 
the  latent  period,  the  rate  of  stimulation  requireJ  for  fatigue,  etc.  As 
a  general  rule,  these  functions  ar*  all  affected  in  the  same  sense. 

The  majority  of  muscle  pois--ns  may  be  arranged  in  three  groiqis. 
which  are  illustrated  typically  by  cafFein,  quinin,  and   veratrin. 

Caifeitt  increases  the  activity  of  the  musci  ,  in  small  doses ;  larger 
doses  produce  phenomena  analogous  to  fatigue.  Very  large  doses 
throw  the  muscl :  into  rigor.  The  methyl-xanthins  (calTein,  theo- 
bromin,  etc.)  ar    the  only  typical  representatives  of  this  ^oup. 

Quinin  depresses  the  muscle,  and  finally  paralyzes  it,  without  pro- 
ducing rigor.  Only  the  smallest  doses  are  somewhat  stimulant.  All 
protoplasmic  poisons  and  apomorphin  and  potassium,  calcium,  and 
metallic  salts  produce  these  effects. 

Veratrin  causes  the  muscle  to  remain  contracted  for  a  considerable 
time,  the  curve  resembling  somewhat  that  of  tetanus.  It  can  be  dis- 
tinguished from  this  by  the  secondary  contraction  (see  Experiment 
No.  I,  3?);  it  is,  however,  an  active  contraction,  for  the  muscle  can 
sustain  a  weight.  The  effect  is  lessened  by  all  agents  which  depress 
the  muscle.  A  careful  inspection  of  most  veratrin  tracings  will  show 
indications  of  two  contractions,  the  first  of  which  {Fig.  71  a,  page 
326)  is  short  and  fuses  into  the  second  (Fig.  71  b,  page  116),  persistent 
contraction.  According  to  Bottazzi's  Theory,  all  muscle  contains  two 
contractile  elements,  the  rapidly  contracting  fibrillary  substance  and 
the  slowly  contracting  sarcoplasmic  substance.  The  former  is  much 
more  excitable,  and  predominates  so  greatly  in  the  skeletal  muscle 
that  it  is  alone  represented  in  the  ordinary  contraction  curve.  It  is 
acted  on  by  caffein.  Veratrin  stimulates  the  sarcoplasmic  substance 
so  that  it  also  participates  in  the  contraction,  and  this  explains  the 
prolonged  contraction,  the  second  portion  of  the  curve.  The.  sarco- 
plasmic substance  predominates  in  smooth  muscle,  so  that  its  contrac- 
tion is  normally  of  the  veratrin  type ;  but  it  is  further  exaggerated 

Materials  Needed  (for  13  students). —  6  frogs;  pipette:  4  muscle- 
levers  and  10  Gm.  weights;  2  maximal-load  springs:  4  induction  coils 
arranged  for  single  break  shock ;  4  drums,  fast  and  slow  speeds :  thread 
ligatures ;  dissecting  tools ;  thermometer ;  ice ;  water  bath ;  4  short  test- 
tubes.  0.75  NaCI  (400  c.  c).  The  following  drugs  are  all  dissolved 
in  this  saline  solution ;  2S  c.  c.  of  each  are  required :  Caffein,  i  :  loa 
I  :  1,000,  I  :  10.000:  quinin  hydrochlorid,  i  :  roo,  I  :  1.000.  i  :  10.000; 
KCI.  1  :  10,000;  I  c.c,  of  7.0^ 
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by  verainn.  Digitalis  and  similar  drugs  belong  to  the  same  group. 
When  these  drugs  act  on  the  heart,  they  increase  its  tone,  i,  e.,  they 
tend  to  increase  the  systole  at  the  expense  of  the  diastole.  In  the 
frc^s  heart  they   may  even  cause  systolic  sCandslill. 

In  studying  the  effects  of  drugs  on  skeletal  muscle,  they  may  either 
be  injected  into  the  iymph-sac,  or  the  muscle  may  be  laid  into  a 
solution  of  the  drug  in  normal  saline.  Special  conditions  determine 
which  of  these  methods  is  to  be  preferred.  When  the  muscle  is  laid 
in  the  solution,  the  drug  is  not  always  rapidly  absorbed.  It  may 
therefore  happen  ihat  one  muscle  will  be  scarcely  affected  by  a  strong 
solution,  whilst  a  weak  solution  may  produce  severe  effects  in  another 
preparation. —  All  the  muscular  poisons  act  equally  well  after  curare, 
showing  that  iheir  action  is  indeed  exerted  directly  on  the  muscle 
cells. 

(Copies  of  the  tracings  should  be  inserted  in  the  note-books.) 

Experiments. —  These  may  be  distributed  as  follows ; 

Set  A  =  n  2  and  I  i;  B  =  II  1  and  I  2;  C  =  IV  j  and  I,  3  a.  e,  >>; 
D  =  l,  3  a,  c,  d.  and  IV  b. 

1.  Form  of  Curve. —  i.  Caffein. —  (a)  Adjust  a  muscle  lever  with 
10  Cm.  weight  to  a  smoked  drum  (fastest  speed).  Arrange  an  induc- 
tion coil  for  single  break  shocks  (see  page  792).  Excise  a  gastro- 
cnemius muscle,  with  a  bit  of  femur  and  Tendo  Achilles  attached  (see 
page  797).  Connect  it  with  the  muscle  lever.  Pass  fine  wire  elec- 
trodes from  the  secondary  through  the  muscle.  Make  a  tracing  of  a 
single  muscular  twitch.  (6)  Lay  the  muscle  for  5  minutes  in 
I  :  10,000  Caffein  (without  disturbing  the  apparatus  if  possible). 
Make  another  tracing.  Repeat  on  the  same  muscle  with  i  :  1,000 
and  I  :  100  Caffein  (Fig.  49,  page  164).  The  more  dilute  solutions 
cause  a  higher  contraction,  with  Tittle  change  in  the  form  of  the  curve. 
Stronger  solutions  produce  a  lengthening  of  the  relaxations.  The 
curve  then  becomes  lower,  the  contraction  is  slower,  and  with  the 
strongest  solution  the  muscle  does  not  contract  at  all.  With  fairly 
strong  solutions  the  relaxations  may  show  a  series  of  waves,  whicn 
are  not  yet  satisfactorily  explained. 

2.  QHiMm.— (0)  As  in  I  (see  Fig.  74.  page  332). 

(6)  Use  I  :  lojxw,  and  r  :  1,000  and  i  :  100,  each  for  five  minutes. 
The  weakest  solutions  may  increase  the  height  of  contraction  somewhat; 
but  even  fairly  weak  solutions  lower  the  contraction,  and  finally 
paralyze  the  muscle  completely  (Cocain,  apomorphin,  potassium,  or  cal- 
cium, etc.,  may  be  substituted  for  the  quinin,  but  they  are  less  typical; 
Fig.  6S,  page  306). 

3.  Veralrin. —  (a)  Arrange  the  apparatus  as  in  I,  a  (a  fairly  slow 
drum  may  be  used).  Inject  into  the  lymph-sac  of  a  frog  )4  mg.  of 
veratrin  CJ^  c.c.  of  '/,„%).  As  soon  as  the  symptoms  are  pronounced 
(so  that  the  animal  cannot  draw  up  the  legs  for  some  moments  after 
making  a  jump)  pith  the  frog,  and  make  the  muscle-nerve  prepara- 
tions. Connect  one  muscle  with  the  lever  and  electrodes  (without 
removing  the  skin).  Make  a  tracing.  Observe  that  the  heights  and 
rapidity  of  contraction  are  about  normal,  but  that  the  relaxation  is 
greatly  prolonged  (Fig.  71,  page  326). 

(b)  Effect  of  Heal  and  Cold, —  Lay  the  muscle  for  five  minutes  in 
normal  saline  at  about  5"  C.  Make  another  tracing.  Repeat  with 
saline  at  10°,  20°,  30°,  and  35°  C.  (Fig.  68,  page  324).  The  lower  tem- 
perature lessens  the  contracture;  20'  and  30°  prolong  it;  35°  lessens 
it.  (If  the  veratrin  action  is  only  slight,  (he  contracture  may  appear 
increased  by  cold,  for  this  prolongs  the  relaxation  in  unpoisoiled 
muscle.) 

(f)  KCl  after  Veratrin.— 'S.f.move  the  skin  from  a  good  veratrin 
muscle.    Take   a   tracing.    Drop   Vi«%    KCl    on   the   muscle,   with   a 
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pipette,  and  take  tracing  from  time  to  time;  the  relaxation  is  short- 
ened (Fig.  70,  page  32SJ. 

(d)  fatigue. —  Take  a  tracing  from  a  good  vcratrin  muscle.  Sxop 
the  drum  and  send  a  tetanizing  current  through  the  muscle  for  a  short 
time  (without  taking  a  tracing) ;  again  make  a  tracing  with  a  single 
break  shock:  The  contraction  will  be  found  greatly  shortened  (Fig. 
69,  page  325)- 

(?)  Secondary  ConlracUon, —  Make  a  muscle-nerve  preparation  from 
a  normal  frog.  Lay  the  nerve  of  this  on  a  good  veratrin  preparation, 
so  that  the  cut  surface  lies  on  the  tendon,  and  the  long  surface  of  the 
belly  of  the  veratrin  muscle.  The  nerve  should  be  raised  between  the 
two  points  of  contact  by  a  match -slick.  Stimulate  the  nerve  of 
the  veratrin  muscle  with  a  single  break  shock:  The  current  of  action 
will  stimulate  the  normal  muscle,  so  that  it  will  also  contract;  but 
the  contraction  will  be  short,  whereas  the  contraction  of  the  veratrin 
muscle  is  prolonged.  This  shows  that  the  veratrin  contraction  is 
not  3  tetanus;  for  if  it  were,  the  normal  muscle  would  also  remain 
contracted.  Convince  yourself  of  this  by  stimulating  the  nerve  of  the 
veratrin  muscle  with  the  tetanizing  current:  The  normal  muscle  now 
remains  contracted. 

II.  Maximal  Load^. —  i.  Caffein. —  Make  two  muscle  preparations. 
Determine  the  lifting  power,  as  described  on  page  799,  first  on  the 
normal  muscle,  then  after  lading  the  one  muscle  in  saline,  the  other  in 
I  :  10,000  caffein,  for  five  minutes;  again  lay  the  one  muscle  in  saline, 
the  other  in  i  ;  1,000  caffein.  The  weaker  caffein  solution  should  in- 
crease the  lifting  power,  the  stronger  solution  should  diminish  it  (as 
compared  with  the  saline  muscle). 

2.  0 m'n(«.— Substitute  quinin  for  caffein  in  the  preceding  experi- 
ment.    The  lifting  power  is  decreased. 

III.  Fatigue  (Optional). —  Make  two  muscle  preparations.  Lay 
one  in  normal  saline,  the  other  in  i  :  10,000  quinin  (for  5  or  10  min- 
utes). Adjust  two  levers  on  a  slow  drum  and  connect  with  the  mus- 
cles, using  10  Gm.  weights.  Arrange  the  induction  coil  for  tetanus, 
passing  the  same  current,  by  fine  wires,  through  both  muscles.  Set 
off  the  drum,  close  the  current,  and  obtain  a  tetanus  tracing  from  both 
muscles,  until  they  are  fatigued.  The  quinin  muscle  should  fatigue 
more  rapidly.  (Low  concentrations  of  caffein  would  lessen  the  fa- 
tigue.) 

IV.  Cafleln  Rigor.— t.  In  Intact  Frog.— Inject  into  the  lymph-sac 
of  a  frog  5  mg.  of  caffein  {Yi  c.  e.  of  1%).  The  frog  soon  becomes 
rigid.  Note  the  position  which  the  frog  assumes.  Make  a  sketch. 
The  muscles  respond  but  feebly,  if  at  all,  to  electric  stimulation.  Their 
reaction  is  acid  to  litmus.  (With  some  species  of  frogs  this  rigor  is 
preceded  by  convulsions  of  the  strychnin  type.) 

2.  Muscle  Tracing, —  Arrange  a  muscle  on  a  lever,  so  that  it  may 
be  dipped  into  solution  without  removing  it  from  the  drum.  The 
lever  should  write  very  easily.  Start  the  drum  at  the  slowest  speed. 
Raise  a  beaker  containing  1%  caffein,  so  as  to  immerse  the  muscle. 
This  will  be  seen  to  shorten. 

Explanatory.— This  is  an  instance  of  toxic  rigor,  due  presumably 
to  coagulation  of  the  muscle  substance.  It  will  be  seen  in  the  next 
exercise  that  water  has  the  same  effect.  This  rigor  may  also  be  pro- 
duced in  mammals,  by  the  direct  injection  of  caffein,  chloroform,  etc. 
It  will  be  recalled  that  convulsant  poisons,  such  as  strychnin,  hasten  the 
onset  of  rigor,  but  this  rigor  mortis  is  probably  distinct  from  the  toxic 
rigor  studied  in  this  experiment. 

V.  Action  of  Dmgi  on  Fatigue,  In  Man  (O^/iona/).- This  may 
be  studied  by  the  spring  ergograph.  A  normal  tracing  is  taken  and 
this  is  repeated  in  half-hour  intervals  after  taking  0.3  Gm.  of  caflFetn 
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EXERCISE  46  — SALT  AND  ION  ACTION  ON  MUSCLE  AND 

NERVE. 

Study  in  connection  with  Chapter  XXIV. 

Explanatory. —  The  physical  effects  of  osmoala  were  studied  in 
Exercise  23.  It  was  shown  that  they  cause  alterations  of  the  water 
and  salt  content  of  the  cells.  This  results  in  irritation  and  eventually 
in  depression.  These  effects  can  be  observed  in  al!  tissues  which  are 
exposed  to  osmotic  change;  but  they  can  be  studied  most  conveniently 
in  muscle  and  nerve. 

The  experiments  of  this  chapter  will  demonstrate  that  even  equios- 
motic  solutions  are  not  indifferent  to  the  tissues.  This  is  partly  explained 
by  differences  in  permeability,  equimolecular  solutions  being  often 
anisotonic.  But  the  entire  exclusion  of  the  osmotic  factor  still  leaves 
a  certain  residuum  of  action.  For  instance,  no  cell  can  live  for  any 
lei^h  of  time  in  a  solution  of  a.  single  salt,  no  matter  what  its  concen- 
tration. Salts  therefore  have  a  specific  toxicity,  referable  to  their  pe- 
culiar ions.  This  is  distinguished  as  ion-action.  This  toxicity  is  less- 
ened when  other  salts  are  introduced ;  very  small  proportions  are  often 
sufficient  for  this  purpose.  Whenever  these  proportions  are  altered, 
the  functions  are  also  changed ;  the  ratio  of  ions  to  each  other  being 
of  greater  importance  than  their  absolute  quantity.  The  cathions  ap- 
pear to  be  more  important  than  the  anions.  Vertebrate  tissues  require 
the  presence  of  Na,  K,  and  Ca.  An  excess  of  the  kst  two  ions  be- 
comes promptly  depressant  and  toxic. 

Isotonic  solutions  of  non -electrolytes  are  much  less  toxic  than  elec- 
trolytes. The  effects  of  the  latter  possess  many  features  in  common. 
They  have  been  shown  to  vary  directly  with  the  electrical  condition  of 
the  ions.  These  facts  suggest  that  the  ion-action  can  be  referred  in 
part  to  the  electric  charges  or  electrons  which  stimulate  or  depress 
m  the  same  manner  as  other  forms  of  electricity.  This  may  be  termed 
eUctrtm-ae'tion. 

Physical  experiments  lead  to  the  conclusion  that  these  charges  may 
be  transferred  to  the  particles  in  colloid  solutions,  thereby  modifying 
the  fluidity.  This  would  also  hold  true  of  protoplasm,  which  may  be 
considered  a  typical  colloid  solution.  Osmosis  accomplishes  the  same 
result  by  changing  the  water-content.  These  alterations  of  fluidity  are 
probably  the  basis  of  the  physiologic  effects,  both  in  osmotic  and  in  ion 

Experiments  (Demonstration  or  assigned).— L  Effect  of  Water 
on  iHuccIe). —  i.  Exciliriiility. —  Use  the  arrangement  of  Exercise  43, 
No.  I,  and  make  two  muscle-nerve  preparations.  Immerse  the  nerve 
of  one  and  the  muscle  of  the  other  in  tap  water,  and  observe  the  loss 
of  excitability  from  time  to  time. 

2.  Water  Rigor. —  Suspend  a  thin  strip  of  muscle  (the  sartorius)  of 
the  above  frog  so  that  half  of  it  dips  into  water;  this  will  be  seen  to 
become  thicker  and  shorter. 

3.  Perfusion  with  Water  (Optional).— Divide  one  sciatic  plexus  of 

Materials  Needed  (for  entire  class). —  7  frogs;  four  watch  glasses; 
capsule  and  slide ;  induction  coil :  rabbit  and  instruments  for  V ; 
water  bath  with  solutions;  muscle-lever;  slow  drum.  10%  NaQ  (25 
C.C.);  0,75%  NaCI  (25  c,  c.)  ;  Ringer's  Fluid  (25  c.c);  2%  NaO  (25 
c.c.) ;  distilled  water;  solutions  for  experiment  III,  and  for  peristalsis 
experiment. 
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a  frog  and  perfuse  tile  vessels  (see  page  8oi)  with  distilled  water.  In 
a  short  time  the  muscles  will  show  fibrillary  twitchings  and  these  will 
be  succeeded  by  general  convulsions.  Since  the  legs  participate  (the 
nerves  being  divided),  the  action  must  be  directly  on  the  muscles. 
These  will  be  seen  to  swell.     Eventually  they  become  paralyzed. 

II.  Hypertonic  Solution  on  Nerve.— Arrange  a  muscle-nerve 
preparation  on  a  lever,  writing  on  a  slow  drum.  Let  ihe  nerve  dip  into 
10%  NaCl  solution.  The  muscle  will  execute  a  series  of  contractions, 
til.  )  remain  in  tetanus,  and  finally  go  into  paralysis. 

III.  Rhythmic  Contractions  {FuncHont  of  Ions)  (Optional).— 
1.  (a)  Lay  a  frog's  muscle  in  100  c.  c.  of  "A'  sodium  acetate  (1.7% 
of  the  crystals).  Rythmic  contractions  appear  after  ten  minutes  to  an 
hour.     When  these  are  seen  add : 

(6)  3  e,  c.  of  m  CaCl.  {11%).  The  contractions  disappear  at  once. 
Add: 

(c)  9  c.  c.  of  ra  sodium  citrate  (71%  crystals).  The  contractions 
reappear. 

Explanatory. —  The  predominance  of  one  kind  of  ions  (e.  g..  sodium 
acetate)  brings  out  the  latent  rhythmic  property  of  the  muscle.  Auto- 
matic rhythmic  contraction  is  therefore  not  confined  to  the  cardiac 

(b)  The  addition  of  a  bivalent  cathion  (Ca)  restores  the  equilibrium 
of  the  ions,  and  the  condition  returns  to  normal. 

(c)  The  addition  of  the  citrate  inactivates  the  Ca,  so  that  the  sod. 
acetate  ions  again  predominate,  and  the  rhythmic  contractions  reappear. 

2.  Repeat  i,  a.  (fr)  Add  5  c.  c.  of  m  Bad.  (21%):  The  contrac- 
tions become  stronger.  (Not  all  bivalent  ions  can  take  the  place  of 
Ca.) 

3.  Lay  a  muscle  into  a  0.43%  solution  of  sodium  tluorid  (isotonic 
with  0.6%  NaO).  Rhythmic  twitches  appear  at  once  (the  fluorid  pre- 
cipitating the  restraining  calcium) ;  they  disappear  again  in  about  30 
minutes   (paralysis). 

IV.  VlUlity  of  Tluues  Influenced  by  Salt  Action  and  Ions.— 
Excise  the  hearts  of  four  frogs  and  place  them  in  watch  glasses  con- 
taining (a)  tap  water;  (b)  0.75%  NaCl  made  with  distilled  water;  (c) 
Ringer's  Fluid;  (d)  2%  NaCl.  Note  the  time  which  they  continue  to 
beat  (d  will  stop  first,  then  a,  then  b,  then  c). 

Explanatory. —  (u)  and  (if)  will  slop  the  heart  by  salt  action  since 
their  osmotic  pressure  is  unsuiled  to  the  tissues,  lb)  will  continue 
longer  since  it  has  the  proper  osmotic  pressure  but  will  also  stop  be- 
cause it  has  only  one  set  of  ions,  (c)  contains  the  proper  ratio  of 
ions,  and  the  heart  will  finally  stop  mainly  from  the  want  of  nutri- 

V.  Effect  of  Salts  and  Ions  on  Peristalsis.-  Set  up  a  large  water 
bath,  regulated  for  38°  C,  and  containing  a  liter  beaker  of  Locke's 
Fluid  (this  will  be  called  the  "stock  solution"),  and  jars  or  beakers 
with  50  to  TOO  c.  c.  of  the  following  solutions  of  the  salts  dried  at 
110°  C.  (which  have  about  the  same  freeiinft  point  as  0.9  NaCi  solu- 
tion, to  eliminate  osmotic  phenomena);  00%  NaCI;  NaiSO.,  1.9%; 
CaCI.,  o.i5%"  in  0.9%  NaCl:  Bad.'  0.24%  in  0.9%  NaCl;  MgQ^' 
ai9%  in  0.9%  NaO:  Urea,  1.9%;  also  water,  and  2%  NaCl.  Pass  a 
slow  stream  of  oxygen  through  the  slock  solution,  and  for  a  few  min- 
utes through  each  of  the  other  solutions  just  before  using. 

Administer  chloral  to  a  rabbit  <0.6  Gm.  X  Kg.,  stomach).  Open  the 
abdomen  by  a  free  incision.    Insert  a  cannula  into  the  central  end  of  the 

■  A  molccutir  or  "  m  "  solution  contains  ihe  moleculir  Height  of  the 
otpKswd   in   ijrama.  diisolvid  in  a  liter  of  waler. 
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abdominal  aorta.  Bleed  the  animal  to  death,  defibrinate  the  blood,  and  pour 
this  into  the  stock-beaker  of  Locke's  Fluid.  Excise  the  whole  intestinal 
tract,  except  the  cxcum,  and  place  it  into  the  blood  t 
bath.    Note  Ihat  it  continues   to  perform  peristaltic  1 

hours).    Pinch  a  place  with  forceps  and  notice  the  c 

off  a  piece  about  10  c,  m.  long:,  and  place  it  in  the  0.9%  Nc.CI  solution. 
Note  the  vermicular  movement  (which  becomes  weaker  i  1  time,  but 
continues  over  45  minutes).  Most  other  sodium  salts  wi.l  have  a 
similar  effect,  the  cathartic  salts  (citrate,  sulphate,  etc.)  being  rather 
more  powerful.  Transfer  the  piece  of  intestine  to  the  calcium  solu- 
tion :  the  movement  stops  and  the  intestine  relaxes ;  the  peristalsis 
reappears  when  replaced  in  the  NaCI.  Transfer  another  piece  (from 
the  stock-beaker)  into  the  magnesium  solution.  The  movement  stops. 
On  replacing  the  calcium  and  magnesium  specimens  in  the  stock  solu- 

These  experiments  illustrate  the  antagonism  of  sodium  salts  on 
the  one  hand,  and  calcium  and  magnesium  on  the  other.  This  stimu- 
lant effect  of  the  sodium  salts  is  doubtless  concerned  in  their  cathartic 
action.  But  the  experiment  with  magnesium  shows  that  it  is  not  the 
onl^  factor ;  for  magnesium  salts,  administered  by  the  mouth,  are 
active  cathartics. 

The  effects  of  barium  are  peculiar;  Place  a  piece  of  intestine  into 
the  barium  solution :  after  a  few  vermicular  movements,  it  undergoes 
a  firm  tetanic  contracture.  Peristalsis  reappears  when  the  intestine  is 
replaced  in  the  Locke's  Fluid. 

Place  other  pieces  of  intestine  into  the  urea  solution,  the  water,  and 
the  2%  NaCI.  They  make  vermicular  movements  or  undergo  tetanic 
contraction  and  then  relax.  Peristalsis  is  resumed  in  Locke's  Fluid. 
These  effects  are  due  to  osmosis. 

Tracings  may  be  taken  from  the  pieces  of  intestine  by  attaching 
them  to  muscle-levers,  leaving  the  tissue  submersed  in  the  fluid.  The 
action  of  other  drugs  may  be  studied  in  the  same  manner  (Magnus, 
19OS)- 

EXERCISE  47.— THE  LOCALIZATION  OF  ACTIONS  ON  THE 

REFLEXES  IN  FROGS— (RECAPITULATION). 

REACTION  TIME. 

This  is  measured  as  described  on  page  79'i  (see  Fig.  44.  page  I3i), 

I.  The  Ruction  Time  is  Sliortened.—  This  may  be  due  to— 

(A)  Increased  reflex  excitability  of  the  cord — occurs  after  sec* 
tion  of  medulla. 

(Strychnin,  CafFein,  etc) 

(B)  Leaaening  of  higher  inhibition  —  does  not  occur  after  section 
of  the  medulla, 

II.  The  reaction  time  !■  slowed  or  all  reaction  is  abolished  — 
(A)  No  matter  where  the  stimulus  la  applied: 

1.  Depression  of  the  ReHex  Activity  of  the  Cofrf.— Stimulation  of 
sciatic  causes  contraction. 

(Carbolic  Acid.  Camphor  in  frog,  and  most  depressant  poisons,) 

2.  Curare  Action. —  Stimulation  of  the  nerve  is  less  effective  than 
Stimulation  of  the  muscle, 

(Curare-Nicotin  series,) 

3.  Paralysis  of  Muscle. —  Direct  stimulation  of  the  muscle  is  inef- 
fective.   The  muscle  may  be  r 

'a)  Paralyzed:  it  is  soft  and  usually  has  an  alkaline  reaction. 
"  rong  doses  of  most  dru) 

s  hard  and  has  an  acid 
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(B)  The  reflexes  are  diminished  only  from  IhoM  part*  whicb  have 
been  touched  by  the  drug.  There  is  a  paralysis  of  tne  afferent  nerves. 
This  may  be  in: 

1.  The  nerve  fibers:  Obtained  besl  on  subcutaneous  injection  and 
lasts  long. 

(Sapotoxin.) 

2.  The  nerve  endings:  Equally  well  on  painting  on  the  surface; 
short. 

(Coca  in.) 

III.    The  frog  keeps  the  part  to  which  the  poison  has  been  applied 
in  constant  movement:  local  sensory  irritation,  pain. 
(Acids.) 

FROG'S  MUSCLE-NERVE  CHAIN. 

The  intact  animal  shows ; 

I.  Motor  Par«ly»la.— This  may  be: 

(A)  Central.—  Stimulation  of  the  nerve  is  still  effective.  The  seat 
may  be  in : 

1.  The  Brain:  The  reflexes  are  still  active.  The  phenomena  pro- 
duced by  paralysis  at  different  levels  are  given  under  Morphin,  Exer- 
cise 41.  No.  I- 

(Early  stages  of  all  narcotics.) 

2,  The  Cord:     No  reflexes. 

(Camphor.  Quinin,  Carbolic.  Cocain.  etc.) 

(B)  Peripheral.— Stimulation  of  the  nerve-trunk  has  no  effects. 
The  paralysis  may  be  in  the  endings  or  muscle,  see  page  — ,  II,  A. 

II.  Motor  Stimulation. —  This  may  b«: 

(A)  Central. —  Abolished  by  successive  destruction  of  the  central 
nervous  system.  The  exact  location  may  in  this  way  be  noted.  It 
should  be  recorded  whether  the  convulsions  are  idiopathic  or  reflex. 

(Medulla  =  Picrotoxin;  Cord  ^Strychnin,  Caffein;  Brain  ^  Atropin, 
Cocain. ) 

(B)  Peripheral. —  Not  abolished  by  section  of  the  nerve;  usually 
consists  in  twitching  or  increased  force  or  lengthened  time  of  contrac- 
tion.    It  may  be  in : 

1.  The  Endings:    Abolished  by  Curare. 
(Nicotin,  Aconitin.  etc.) 

2.  The  Muscle  Fibers:     Not  so  abolished. 
(Physostigmin,  Veratrin,  Caffein.) 

EXERCISE  48.— ACTION  OF  DRUGS  ON  THE  HEART.— 
(INTRODUCTORY). 


Study  in  connection  with  Chapters  XI.  XII,  XV.  and  XXII. 
I.  The  Heart  Muscle — The  cardiac  muscle  differs  from  other 
muscle  t^  the  fact  that  it  contracts  rhythmically  by  an  inherent  prop- 
erty, 1.  e.,  even  in  the  absence  of  nervous  impulses.'  This  property  is 
sometimes  called  the  "automatic  motor  mechanism"  of  the  heart  If 
the  heart  is  weakened,  it  may  be  lost  so  that  the  heart  may  respond 
to  stimulation  by  a  single  contraction,  just  like  ordinary  muscle.  On 
the  other  hand,  the  rhythmic  property  may  be  inqurted  to  ordinary 
muscle,  for  instance,  by  immersinfC  it  in  certain  solutions  of  NaQ. 
The  rhythmic  property  therefore  does  not  constitute  a  fundamental 
distinction  between  cardiac  muscle  and  the  other  varieties  of  musd^ 

>  In   the   heart  of   Ltmului    (King  crab)   ind  perhapl  in   »me  other  inTerte- 
braiH,  the  rh/tbinic  impulm  are  generated  uid  eonducted  b]r  nerrct.     (Culaoa, 
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although  under  normal  conditions  it  is  a  very  important  difTcTcnce. 
The  other  properties  of  cardiac  muscle  are  still  niore  closely  related 
to  those  of  other  muscle :  its  excitability,  strength  of  contraction,  tonus, 
etc.,  may  be  similarly  affected  by  fatigue  or  by  drugs ;  in  these  re- 
spects the  myocardium  stands  intermediate  between  the  skeletal  and 
the  smooth  muscle.  Normally  the  rhythmic  contractions  arise  in  the 
base  of  the  heart  —  in  the  auricles,  or  in  the  frog  in  the  sinus  venosus; 
and  spread  gradually  to  the  apex.  Consequently  the  contractions  ore 
regular,  progressing  in  a  definite  order,  and  all  parts  of  the  heart  beat 
at  the  same  rate,  and  the  two  sides  of  the  heart  contract  at  the  same 
time.  The  explanation  of  these  facts  is,  that  the  muscle  fibers  at  the 
base  of  the  heart  are  more  excitable,  so  that  they  respond  first  to 
the  (inherent)  rhythmic  stimulus;  the  successive  areas  of  the  ven- 
tricles contract  then  as  the  result  of  ihe  stimulus  started  by  the  con- 
traction of  the  auricles.  If  the  excitability  of  the  ventricle  is  increased, 
as  the  result  of  the  action  of  drugs  (such  as  digitalis,  cafFein,  or 
aconite),  the  contraction  may  start  in  any  part  01  the  heart.  The 
normal  rhythm  is  thereby  destroyed,  the  contractions  cease  to  progress 
regularly,  and  the  rate  of  each  chamber  of  the  heart  may  differ  from 
the  others.  If  the  contractions  arriving  from  the  ventricles  coincide 
with  those  transmitted  from  the  auricle,  the  contractions  are  strong;  if 
they  interfere,  the  contractions  may  be  weak  or  absent  In  this  way 
groups  of  strong  contractions  may  alternate  with  periodsi  of  weak 
contractions.  A  decrease -of  excitability  finds  its  first  expression  in 
the  more  sluggish  ventricles.  As  a  consequence,  a  summation  of  two 
or  more  auricular  contractions  may  be  necessary  to  induce  a  contrac- 
tion of  the  ventricle,  and  the  rate  of  the  latter  may  be  a  fraction  of 
the  auricular  rate.  This  is  seen  with  cardiac  depressants,  especially  in 
the  frog's  heart. 

Another  form  of  irregularity,  observed  particularly  in  frogs  as  the 
result  of  digitalis  or  aconite,  consists  in  peristaltic  contractions,  in 
which  the  slowly  traveling  contraction  wave  is  sharply  marked  off. 
This  may  be  due  to  a  quicker  contraction,  with  delayed  relaxation. 

If  the  cardiac  muscle  of  mammals  is  over-stimulated,  the  contractions 
become  very  irregular.  The  individual  groups  of  muscle  fibers  con- 
tract independently  (hence  "fibrillary  contractions,"),  whilst  the  heart 
as  a  whole  does  not  perform  any  efficient  contractions.  This  con- 
dition, also  called  "delirium  cordis,"  appears  to  be  an  overquickening ; 
it  takes  the  place  of  the  tetanus  of  the  striped  muscle,  the  mammalian 
heart  being  ordinarily  unable  to  enter  into  tetanus  on  account  of  its 
rhythmic  property.'  The  ventricles  enter  into  delirium  more  readily 
than  the  auricles,  because  the  latter  are  capable  of  a  more  rapid  rhyth- 
mic beat,  so  that  over- stimulation  is  not  reached  so  easily.  The  frog's 
heart  also  does  not  readily  go  into  delirium,  because  it  is  too  sluggish 
for  over-stimulation;  but  when  its  excitability  is  raised  —  as  by  heat  — 
delirium  can  be  produced. 

Since  the  delirious  heart  does  not  keep  up  an  efficient  circulation, 
the  mammalian  heart  (which  is  nourished  by  the  coronary  circula- 
tion) is  starved  and  succumbs  rapidly  to  fatigue:  Delirium  ordinarily 
produces  paralysis  of  the  heart,  unless  the  coronary  circulation  is  sus- 
tained artificially.  The  rabbit's  heart  may  recover  spontaneously;  the 
dog's  heart  does  not. 

The  slate  of  the  coronary  circulation  is  very  I'mportant  for  the 
mammalian  heart,  as  its  great  activity  demands  a  liberal  nutrition. 
The  eiTect  is  mainly  upon  the  strength  of  the  contractions,  the  rate 
being  but  little  altered.    (Consequently  all  agencies  which  depress  the 
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heart  directly,  also  depress  it  indirectly  by  lessening  its  food  supply; 
and  vice  versa.  An  increased  tonus  of  the  heart  by  lessening  the  ex- 
cursions also  starves  the  heart,  so  that  a  strong  stimulation  of  the  car- 
diac muscle  may  rapidly  paralyze  it,  by  interfering  with  the  coronary 
circulation;  and  systolic  standstill  is  consequently  impossible  in  the 
intact  mammalian  heart,  since  the  starved  muscle  cannot  sustain  the 
systole,'  A  strong  contraction  of  the  myocardium  also  causes  a  me- 
chanical compression  of  the  coronary  vessels,  thereby  lessening  the 
bloodflow  through  them.  On  the  other  hand,  extreme  dilation  of 
the  heart  also  lessens  the  coronary  circulation;  so  that  an  overdis- 
tcnded  heart  may  often  be  improved  by  withdrawing  some  blood. 
Since  the  coronary  vessels  possess  vasoconstrictor  and  vasodilator 
nerves,  they  may  be  affected  by  drugs  acting  centrally  or  peripherally 
on  the  vasomotor  mechanism.'  The  coronary  circulation  may  also  b« 
modified  indirectly  through  changes  in  the  general  arterial  pressure. 
Vasoconstrictors  will  therefore  stimulate  the  heart,'  and  vasodilators 
will  depress  it.  In  the  excised  heart  these  agents  may  have  the  oppo- 
site effects,  since  they  act  then  on  the  coronary  arteries  alone ;  but  in 
the  intact  animal  the  effects  on  the  circulation  at  large  will  overcome 
the  effect  on  the  muscle  of  the  coronary  arteries. 

Changes  in  blood  pressure  have  also  a  mechanical  effect  on  the  heart ; 
The  cardiac  muscle,  like  other  muscles,  contracts  better  against  a 
certain  resistance  than  against  no  resistance.  This  resistance  is  fur- 
nished by  the  aortic  pressure.  The  normal  blood  pressure  seems  to 
furnish  the  optimum  resistance  to  the  normal  heart,  so  that  it  would 
be  a  mistake  to  consider  that  a  fall  of  pressure,  by  lessening  its  work, 
would  increase  the  force  of  a  normal  heart  With  a  -weakened  heart, 
however,  the  optimum  resistance  falls,  so  that  a  diminished  pressure 
is  really  beneficial  to  an  exhausted  heart. 

The  amplilude  of  the  contractions  is  controlled,  not  only  by  the  force 
of  the  heart,  but  also  by  its  tonus,  by  its  rate,  and  by  the  blood 
pressure.  A  tonus  which  is  greatly  increased  or  diminished  will  pre- 
vent the  muscle  from  relaxing  or  from  contracting  to  the  usual  ex- 
tent. An  increased  rate  does  not  allow  time  for  complete  contraction 
and  relaxation,  and  so  renders  the  beats  more  shallow,  whilst  a  slow 
rate  tends  to  increase  the  excursions.  A  high  blood  pressure  pre- 
vents the  complete  emptying  of  the  heart,  and  thereby  renders  the 
beats  more  shallow  and  slows  the  rale.  (In  intact  animals  this  slowing 
is  very  marked,  being  due  to  a  reflex  stimulation  of  the  vagus  mechan- 
ism.) 

The  I'olume  of  blood  thrown  out  at  each  beat  varies  with  the  ampli- 
tude of  the  excursions.  The  output  in  a  given  time  is  the  product  of 
the  rate,  and  the  volume  of  each  beat.  The  work  done  by  the  heart 
is  the  product  of  the  output,  and  the  resistance  (blood  pressure) 
against  which  it  acts. 

Effect  of  the  Rate  of  the  Heart  on  the  Output.— The  output  of  the 
heart  is  greatly  diminished  by  slowing  its  ordinary  rate;  the  increased 
volume  of  each  beat  being  insufficient  to  counterbalance  the  lessened 
number  of  contractions.    A  quickening  of  the  heart,  on  the  other  liand. 
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causes  but  little  increase  in  the  output,  since  the  lessening  of  the 
volume  of  each  beat  nearly  offsets  the  increased  rate.  This,  as  well 
as  the  effect  of  the  vascular  system,  etc.,  may  be  demonstrated  on  an 
artificial  circulation  apparatus  (consult  Exercise  53). 

II.  The  Innervatloa  at  the  Heart.— Although  the  cardiac  muscle 
is  able  to  perform  regular  rhythmic  contractions  in  the  absence  of 
nerves,  it  is  normally  under  nervous  control.  Besides  the  sensory 
(depressor)  nerve  these  are  two  motor  nerves,  the  vagus,  and  the 
accelerator  branch  of  the  sympalhelic.  The  origin  (center)  of  both 
of  these  nerves  is  in  the  medulla.  Bolh  nerves  run  in  the  same  sheath 
in  the  fro^  (Fig.  gg,  page  800),  but  are  separated  in  mammals.  Both 
nerves  are  connected  with  ganglia.  Those  of  the  vagus  are  contained 
in  the  heart  itself  (in  the  frog  these  vagus  ganglia  are  situated  espe- 
cially at  the  juncture  of  the  sinus  venosus  with  the  auricle).  Those 
of  the  accelerator  are  extra-cardiac,  and  in  mammals  lie  probably  in 
the  inferior  cervial  and  in  the  stellate  ganglia,  around  the  subclavian 
artery.  The  endings  in  the  cardiac  muscle  are  "  free  endings."  similar 
to  those  of  unstriped  muscle.  The  heart  contains  no  structures  cor- 
responding to  the  end  plates  of  striped  muscle. 

The  effect  of  electric  stimulation  of  these  nerves  appears  only  after 
a  slight  latent  period,  and  disappears  after  a  time,  even  if  the  stimula- 
tion is  continued.    The  latent  period  and  the  action  are  longer  for  the 

Moderate  vagus  stimulation  causes  a  slowing  of  the  rate,  the  diastole 
being  especially  prolonged.  The  irritability  and  the  contractile  power 
are  increased  m  mammals;  the  amplitude  of  the  excursions  is  larger; 
the  tonus  is  diminished ;  the  blood  pressure  and  output  fall.  Strong 
Stimulation  causes  diastolic  standstill. 

Accelerator  stimulation  (the  anterior  ramus  of  the  annulus  of 
Vieussens)  quickens  the  rate,  shortening  all  the  phases  except  the 
auricular  systole  and  the  ventricular  diastole.  The  excitability,  tonus, 
and  strength  of  the  heart  are  increased,  but  the  beats  are  more  shallow 
in  mammals  (in  the  frog  the  excursions  are  also  increased).  The 
blood  pressure  and  the  output  rise  somewhat,  but  not  commensurate 
with  the  increased  rate. 

Tonic  Impulses. —  The  vagi  are  tonically  active  in  some  animals 
(notably  in  man  and  in  dogs),  so  that  division  of  these  nerves  causes 
a  quickening  of  the  heart.  In  other  animals  (rabbits)  there  is  nor- 
mally no  tonic  action,  so  that  division  produces  little  effect  on  ths 
heart  rate.  The  accelerators  arc  also  tonically  active,  but  division  of 
these  nerves  produces  less  effect  than  section  of  the  vagi.  The  ganglia 
and  endings  also  have  some  tonic  action,  for  a  fttrther  quickening  may 
be  obtained,  after  section  of  the  vagi,  by  paralyzing  the  vagal  endings. 

The  vagi  or  accelerators  may  be  stimulated  or  depressed  directly. 
at  their  origin,  or  in  any  part  of  their  course,  by  drugs  or  by  other 
means.  They  can  also  be  affected  indirectly,  especially  the  vagus. 
A  fall  in  blood  pressure,  most  forms  of  reflex  irritation,  muscular  ex- 
ercise, swallowing,  etc.,  quicken  the  heart  by  inhibiting  the  vagus 
center.  Stimulation  of  the  trigeminal  endings,  on  the  other  hand, 
excites  the  vagus  center  and  slows,  or  even  stops,  the  heart,  A  rise 
of  blood  pressure  also  stimulates  the  vagus  and  causes  slowing. 

III.  Methods  of  Studying  the  Actions  of  the  Heart.— It  follows 
from  the  preceding  that  the  action  of  the  heart  depends  on  a  consid- 
erable number  of  interrelated  factors.  These,  acting  together,  produce 
the  phenomena  which  may  be  studied  on  normal  animals  by  the  pulse 
and  apex-beat;  and  on  operated  animals  by  direct  observation  and 
tracings  of  the  exposed  heart  The  intracardiac  and  the  general  blood 
pressure  and  the  output  of  the  heart,  etc.,  are  also  determined  in  large 
part  by  the  cardiac  activity;  but  since  they  also  depend  on  the  state  of 
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the  vasomotor  system,  they  most  be  supplemented  by  more  direct 
methods.  Indeed,  all  the  observations  an  intact  animals  give  only  the 
sum  of  the  factors  which  may  be  involved.  It  is  evident  that  no 
understanding  of  the  action  of  a  drug  is  possible  until  the  share  of 
each  factor  is  known.  This  must  be  determined  by  isolating  it  as 
completely  as  possible  from  the  other  factors. 

Suilability   of  Different   Animah. —  The  hearts  of  frc^a   and   turtle: 
are  convenient   for   studying  the  effects  of  drugs,   since  they  continue 
beating  normally   for   a   considerable   lime    after   Ihey   are   exposed   or 
excised.     Many   phenomena   can   be    observed   very   well   by   direct   in- 
spection,  others   may   be  recorded   by   levers,   etc.     The   IVilliams   Ap- 
paratus (Fig.   123)   has  been  used  a  great  deal   in  pharmacologic  work 
on  the  frog's  heart,  as  it  permits  the  study  of  a  number  of  phenomena 
under  a  variety  of  conditions.    An  artificial  circulation  is  maintained 
through  the  ventricle,  by  means  of  solutions,  to  which  the  poisons 
may   be   added.    The   apparatus 
consists    of    a    reservoir    and   a 
system    of   tubes    provided    with 
slit  valves    {V  and    V)    and  a 
two-way  cannula.     These  allow 
the  perfusing  liquid  to  get  into 
the  heart  (//)  and  to  he  pumped 
in     a     definite     direction.    The 
cannula    is    introduced    through 
the  bulbus  aortx  into  the  ven- 

(tricle  and   tied.     (The  apex   of 
the     ventricle     may     be     used 
alone.)     Each  contraction  of  the 
ventricle      forces      the      blood 
through     V     into    the    upright 
tube,    and    from    here    into    the 
reservoir.    The     relaxation      of 
the   heart   allows   the   liquid    to 
enter    from    V.    The    auriculo- 
ventricular    valves    prevent    the 
blood    from    coming    tiack    into 
the     auricle.     The     number     of 
drops   flowing  into  the  reservoir 
Fig.    123.— Williams'  heart   ippanim.'       ,.3^  be  counted,  and  give  an  idea 
of  the  work  done.    By  raising  or 
lowering  the  reservoir  the  intracardiac  pressure  can  be  varied;'  by 
applying  the  screw-clamp  beyond   V  one  may  introduce  resistance;  by 
clamping   this   tube  altogether  and   opening  communication   to  a  small 
mercury  manometer  the  absolute  pressure  can  be  measured  and  trac- 
ings taken.    The  changes  in  volume,  corresponding  to  the  extent  of  the 
excursions,   may  be   read    from   the   miUimeler    scale,   MS.    (Williams, 
Jacob],  Wood  anj  Hoyt). 

The  cardiac  nervet  of  frogs  are  also  situated  conveniently.  It  must 
not  be  forgotten,  however,  that  the  physiology  of  the  heart  of  cold- 
blooded animals  differs  considerably  from  thai  of  the  ivarm-blooded; 
and  caution  must  be  used  in  applying  the  results  obtained  with  the 
one  to  the  other.  The  main  uses  of  the  frog's  heart  are  therefore 
restricted  to  preliminary  studies,  to  the  investigation  of  special  prob- 
lems, and  to  the  convenient  demonstration  of  actions  which  have  been 
already  controlled  on  warm-blooded  animals.    Amongst  the  latter,  the 

<  The  valve    V  ihould    point   in    the    reverse   direction.     Freth   frog's  akin  is 
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functions  of  the  myocardium  are  identical,  as  far  as  we  know.  The 
absence  of  tonic  vagus  impulses  in  rabbits  musl  be  borne  in  mind. 

Drugf  may  acl  on  the  heart  in  three  ways:  (i)  Directly  on  the 
cardiac  muscle;  (2)  directly  on  the  cardiac  nerves;  and  (3)  indirectly, 
on  either  the  muscles  or  nerves  —  through  reflexes,  altered  resistance, 
altered  nutrition,  altered  coronary  circulation,  etc. 

Methods  of  StndyiiiK  the  Direct  Effects  on  the  Cardlu  Muscle.— 
These  demand  that  the  resistance  to  the  work  of  the  heart  be  kept 
constant  — an  object  which  can  only  be  accomplished  by  separating 
the  heart  from  the  general  vascular  system.  The  pulmonary  circu- 
lation may  generally  be  kept  intact,  as  it  is  not  much  affected  by 
drugs.  The  methods  of  isolating  the  heart  may,  however,  be  con- 
veniently divided  into  those  which  retain  (he  pulmonary  circulation, 
and  those  which  do  not.  The  nervous  mechanism  should  also  be  ex- 
cluded. If  it  is  desired  to  retain  the  intracardiac  nervous  apparatus, 
it  suffices  to  cut  the  trunks  of  the  vagi  and  accelerators,  or  to  shut 
off  the  blood  from  the  medulla.  The  intracardiac  vagus  mechanism 
can  also  be  paralyzed  by  atropin.  This  leaves  only  the  accelerator 
endings   (see  page  893). 

The  frog's  heart  will  continue  to  beat  for  some  time  after  it  has  been 
excised  from  the  body ;  but  the  mammalian  heart  requires  that  the 
coronary  circulation  be  maintained.  This  may  be  done  by  the  heart 
itself,  or  by  injecting  the  perfusion  fluid  under  pressure. 

IV.  The  Isolated  Mammalian  Heart.— The  methods  which  have 
been  employed  for  the  study  of  the  isolated  mammalian  heart  are 
briefly  as  follows : 

1.  Method!  employing  the  whole  heart  and  pulmonary  circula- 
tion (excluding  the  peripheral  vessels  and,  to  a  large  extent,  the  brain) 
(Fig.  124),  These  methods  differ  by  the  manner  in  which  the  action  of 
the  heart  is  observed  or  recorded,  which  may  be  done  by  direct  ob- 
servation, by  taking  pressure  curves  from  the  carotid  or  from  the 
ventricles,  or  by  the  myocardiogram.  The  methods  consist  essentially 
in  establishing  a  '  connection  between  the  large  arteries  and  large 
veins,  and  then  ligating  the  vessels  peripherally  to  this  connection. 
The  vessels  which  are  employed  for  this  purpose  and  the  apparatus 
used  for  establishing  the  connections  vary  in  the  different  methods: 

(o)  Communication  eslablisked  beltueen  the  aorta  and  right  aU' 
ricle: 


The  course  of  this  blood  then  is: 
right  auricle,  pulmonary  circulation,  left  heart,  standing  tube,  and 
reservoir.  The  oxygenation  of  the  blood  is  effected  by  artificial 
respiration. 

2.  The  modified  method  of  Martin  and  Applegarth  establishes  a  com- 
munication through  the  coronary  vessels,  the  maintenance  of  pressure 
being  aided  by  connection  of  the  aorta  with  a  reservoir  containing 
defibrinated  blood.  The  course  of  the  blood  is :  aorta,  coronary  circu- 
lation, right  heart,  Jungs,  left  heart,  and  aorta.  Oxygenation  is  by 
artificial  respiration. 

3.  The  MeCralh  and  Kennedy  method  is  an  amplification  of  the  last, 
in  that  it  measures  the  intracardiac  pressure  and  the  outflow  through 
the  pulmonary  artery, 

4.  Hedon  and  Arrous"  method  differs  from  the  preceding  methods 
by  leaving  out  the  reservoir,  simply  tying  the  aorta  and  its  branches 
and  the  vena  cava.  The  course  of  the  blood  is :  aorta,  coronary  circu- 
lation, right  heart,  pulmonary  circulation,  left  heart,  and  aorta.  Oxy- 
genation is  by  artificial  respiration. 
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The  heart  survives   : 

ing  up  o' 

1  regular 


5.  Cyoi 


the  aorta  with  the  vena  c 


In  addition,  he  i 


'■  origin  bI  method. 
Fig.  I  >4  —  Methodi  0 


Bock. 
Kudiring  the  teolaUi)  p 


very  careful  to  Hgate  all  the  vessels  leading  to  the  brain,  so  that  he 
can  expose  this  organ  to  poisons  without  their  reaching  the  general 
circulation. 

(b)  Communication  Through  the  Carotid  and  Jugular. —  The  meth- 
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ods  differ  mainly  in  the  mechaniam  introduced  as  resistance,  this  being 
either  constant  or  variable: 

1.  Stolnikow  makes  the  connection  through  two  glass  vessels  of 
known  content,  which  are  reversible,  and  one  of  which  is  alternately 
filled  by  blood  expelled  from  the  heart,  while  the  other  empties  into 
the  vena  cava.  In  this  way  the  voltone  of  blood  expelled  by  the  heart 
in  a  given  time  can  be  measured.  The  other  vessels  are,  of  course, 
ligated.     Oxygenation  is  by  artificial  respiration. 

2.  Bokr  and  Henriquez  establish  the  connection  by  a  simple  tube. 
Hering  does  not  ligate  the  veins,  using  them  as  a  pressure  regulator. 
Bock  forms  the  connection  through  a  compressible  tube  and  screw 
cock,  so  that  a  varying  resistance  may  be  introduced. 

In  all  these  methods  the  registration  is  done  by  a  manometer  in  the 
other  carotid,  the  aorta  and  vena  cava  being  ligated  and  artificial  res- 
piration being  kept  up. 

III.  Completely  laobited  hearts;  t.  e.,  without  the  pulmonary  cir- 
culation, but  with  the  ganglia  still  active.  In  these  methods  the  blood 
must  be  artificially  oxygenated,  and  is  usually  introduced  under  pres- 
sure.   Otherwise  the  methods  are  similar  to  ttie  preceding. 

1.  TichitovAtch  uses  practically  Martin's  original  method,  connecting 
the  pulmonary  artery  with  the  pulmonary  vein  by  a  tube,  the  course 
of  the  blood  being;  reservoir,  jugular  vein,  right  heart,  connecting  piece, 
left  heart,  aorta,  and  reservoir. 

2.  Langendorff  uses  only  the  coronary  circulation,  introducing  the 
blood  into  the  aorta  under  pressure,  from  which  it  goes  through  the 
coronary  circulation  and  flows  out  of  the  right  heart.  The  shape 
of  the  heart,  number  and  strength  of  beats,  and  the  number  of  drops 
flowing  through  the  right  heart  may  be  measured  in  this  way. 

3.  Hedon  and  Arrous  ligate  the  aorta  and  vena  cava  and  connect 
the  pulmonary  artery  and  pulmonary  vein  directly,  feeding  the  heart 
with  its  own  blood  and  keeping  it  alive  by  artificial  methods. 

4.  Heymans  and  Kochmann  connect  the  aorta  of  the  excised  heart 
with  the  carotid  of  a  second  animal,  letting  the  blood  return  through  a 
funnel  connected  with  the  jugular;  or  without  the  use  of  a  funnel,  by 
connecting  the  pulmonary  artery  of  the  excised  heart  with  the  jugular 
of  the  animal,  and  tying  the  other  vessels, 

iV,  Isolated  apex  preparations;  i.  g.,  ganglion-free  heart  muscle. 
Porter  has  succeeded  in  maintaining  rhythmic  contractions  of  isolated 
strips  of  the  apex  of  the  heart  by  injecting  oxygenated  blood  under 
pressure  into  a  branch  of  the  coronary  artery  supplying  it. 

The  methods  of  Langendorff  and  Porter  have  been  criticized  as 
yielding  abnormal  results,  because  they  leave  the  cavities  of  the  heart 
empty.  Their  results  mvist  therefore  be  interpreted  cautiously,  Gott- 
lieb and  Magnus  (1903)  obviate  this  difficulty  by  filling  the  ventricle 
with   a  distensible  baloon. 

Perfusion  Liquids. —  In  perfusing  the  excised  heart,  a  fluid  must  be 
employed  which  does  not  produce  any  salt  or  ion  action,  which  con- 
tains oxygen  and  nutriment,  and  which  is  at  body  temperature.  The 
best  is  oxygenated  defibrinated  blood  from  the  same  species  of  animal, 
diluted  with  5  volumes  of  normal  saline  solution.  Other  fluids  may  be 
substituted,  but  these  must  be  charged  with  oxygen,  when  used  with 
the  mammalian  heart.  Serum  may  be  employed.  An  excellent  s,.bsti- 
tute  is  Locke's  Fluid  (see  Index),  By  the  use  of  Langendorft's  or 
Porter's  method,  the  heart  can  be  kept  beating,  or  revived,  many  hours 
after  death. 

Similar  solutions  may  be  used  for  the  perfusion  of  frogs'  hearts, 

except  that  they  should  contain  less  salt  (0,6  to  0,75%  NaCl),    Used 

alone,  this  saline  solution  gradually  poisons  the  heart  after  the  manner 

of  digitalis.    The  toxicity  is  less  if  3%  of  gum  arable  is  added,  or 
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small  quantities  of  some  other  salts.  Ringer's  solution  (see  Index) 
has  been  found  very  good.  Rabbit's  or  beef's  blood,  defibrinated  and 
diluted  with  2^  parts  of  0.6%  NaCl,  is  also  used. 

V.  Analysis  of  the  Effects  on  the  Heart. —  Actions  on  the  Ner- 
vous Mechanism,  can  be  studied  with  the  heart  in  situ,  by  dividing 
or  stimulating  the  vagi  and  accelerators  at  different  levels.  Cyon 
has  also  devised  a  method  of  stud^^ing  the  effects  of  drugs  upon  the 
cerebral  cardiac  centers  by  separating  these  from  the  general  circu- 
lation and  artificially  circulating  through  them  defibrinated  blood  con- 
taining the  poisons  to  be  studied ;  in  this  way  ihey  do  not  reach  the 
heart  at  all. 

An  effect  upon  the  nerves  is  manifested  particularly  by  changes  in  the 
rate  of  the  heart ;  but  as  the  rate  may  also  be  modified  through  the 
muscle,  or  indirectly,  a  more  detailed  analysis  becomes  necessary;  this 
will  repay  closer  study,  as  it  illustrates  the  methods  of  pharmacologic 
research. 

Investisstion  of  Changes  In  the  Rate  of  the  Heart—  (A)  Quick- 
ening may  be  due  to  a  direct  or  reflex  inhibition  of  the  vagus,  or  to 
stimulation  of  the  accelerator  nerves,  or  of  the  cardiac  muscle. 

(i)  If  the  quickening  does  not  occur  after  section  of  the  vagi,  it 
must  have  been  due  10  central  paralysis  of  the  va^i.  If  the  center 
does  not  respond  to  reflex  stimulation  (such  as  the  inhalation  of  am- 
monia with  rabbits),  the  center  itself  is  paralyzed.  If  it  does  respond, 
the  inhibition  of  the  vagus  must  be  reHex,  which  can  be  further  dem- 
onstrated by  division  of  the  corresponding  path. 

(2)  If  the  quickening  occurs  after  section  of  the  vagi,  the  drug  is 
tried  on  animals  in  which  the  vagus  endings  have  been  completely 
paralyzed  by  atropin.  If  it  produces  no  effect,  the  drug  must  paralyze 
either  the  ganglia  or  endings.  It  is  tried  on  animals  in  which  the 
ganglia  have  been  paralyzed  by  nicotin ;  or  on  the  ganglion-free  apex 
of  the  frog's  heart.  If  it  produces  no  quickening,  it  must  have 
paralysed  the  z-agus  ganglia;  if  quickening  occurs,  it  must  paralyse  the 
endings.  In  the  former  case,  stimulation  of  the  sinus,  in  the  frog, 
stops  the  heart;  if  the  endings  are  paralyzed  stimulation  of  the  sinus 
has  no  effect. 

(3)  If  the  quickening  occurs  even  after  atropin,  there  must  be  a 
stimulation  of  either  tne  accelerator  mechanism  or  of  the  cardiac 
muscle.  If  the  effect  occurs  on  the  excised  atropinized  heart,  it  must 
stimulate  either  the  muscle  or  the  accelerator  endings.  It  is  very  diffi- 
cult to  distinguish  between  these :  the  study  of  the  relative  duration  and 
strength  of  the  phases  of  the  cardiac  cycle  furnishes  some  indication. 
The  cardiac  muscle,  quite  free  from  nerve  endings,  can  also  be  studied 
in  the  embryonal  chick.  It  appears,  from  these  methods,  that  the 
stimulation  isi  always  of  the  muscle,  rather  than  of  the  endings,  so 
that  we  shall  desiRjiate  a  quickening  obtained  after  atropin  as  a  stim- 
ulation of  the  cardiac  muscle. 

(4)  If  the  drug  acts  after  atropin,  but  has  no  effect  on  the  excised 
heart,  it  must  slin.nlate  the  accelerator  center.  This  can  be  further 
shown  by  its  producing  no  efl'ect  on  the  intact  animal  if  the  spinal  cord 
is  divided  above  the  first  dorsal  vertebra,  or  if  both  stellate  ganglia  are 
excised. 

(B)  Slowing  may  be  due  to  direct  or  reflex  stimulation  of  the 
vagi;  to  paralysis  of  the  accelerators;  to  paralysis  of  the  muscle,  direct 
or    through    impaired    nutrition;    or    to    systolic    stimulation    of    the 

1.  If  the  slowing  does  not  occur  after  section  of  the  vagi,  it  must 
be  due  to  a  stimulation  of  the  vagus  center,  especially  if  electric  stimu- 
lation of  the  vagus  trunk  continues  effective. 
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3.  If  it  occurs  after  section  of  the  vagi,  but  not  after  nicolin,  it  must 
be  due  to  stimulation  of  the  vagus  ganglia. 

3.  If  it  occurs  after  section  of  the  vagi  and  after  nicotin,  but  not 
after  atropin,  it  must  be  due  to  itimulalion  of  the  vagus  endings. 
Electric  stimulation  of  the  vagus  trunk  is  ineffective  in  2  and  3. 

4.  H  it  occurs  after  atropin,  but  not  after  division  of  the  accelerators, 
it  must  be  due  to  a  depression  of  the  accelerator.  If  electric  stimula- 
tion of  the  accelerator  nerve  is  effective,  the  depression  must  be  cen- 
trot;  if  not,  it  is  peripheral. 

5.  If  it  occurs  after  atropin  and  after  division  of  the  accelerators,  it 
must  be  due  to  a  direct  action  on  the  cardiac  muscle,  or  to  insitfUcient 
nutrition.  The  latter  may  be  excluded  by  artificial  circulation.  If  the 
slowing  persists,  it  is  due  lo  paralysis,  or  to  increased  tonusi  of  the 
cardiac  muscle;  the  strength  of  the  contractions  will  indicate  which 

<C)  Cardiac  Standitlll  may  be  du^  to  stimulation  of  the  vagus,  to 
paralysis  of  the  cardiac  muscle  (and  in  frogs,  to  excessive  systole). 

1.  If  the  standstill  disappears  on  section  of  the  vagi,  it  is  due  to 
stimulaiiott  of  the  vagus  center. 

2.  If  it  persists,  but  disappears  after  atropin,  it  is  due  to  peripheral 
stimulation  of  the  vagus.  The  ganglia  and  endings  can  be  distinguished 
as  in  (S)  {2  and  jl.  The  frog's  heart  is  strongly  diastolic  if  the 
stoppage  is  due  to  stimulation  of  any  part  of  the  vagi. 

3.  If  atropin  does  not  relieve  the  standstill,  it  is  caused  by  a  direct 
elfcct  on  the  muscle.  In  mammals,  this  is  always  paralytic.  In  frogs 
it  may  be  due  to  paralysis,  when  the  heart  is  of  medium  size,  and 
cannot  contract  if  it  is  forcibly  distended ;  or  to  excessive  systole 
(Digitalis  group)   when  the  heart  is  very  small,  and  contracts  if  dis- 

4.  The. paralysis  may  only  involve  the  rhythmic  power,  so  that  the 
heart  responds  to  stimulation  (1.  e.,  a  pin-prick)  by  a  single  contrac- 
tion 1  or  It  may  be  complete. 


Study  in  connection  with  Chapters  XV.  XVI,  XIX,  XXII. 

Read  technic,  pages  799  to  801. 

Also  consult  Exercises  74  to  76. 

Materials  Needed  (for  entire  class). —  20  frogs;  12  turtles;  3  induc- 
tion cchIs;  2  perfusion  apparatus  and  cannula:  12  frog  boards;  12 
light  muscle  or  heart  levers  (4  arranged  to  rest  on  the  heart) ;  12  frc« 
needles;  ligatures:  12  pipettes;  12  drums:  pins;  3  watch -el  asses.  0.75% 
saline  solution;  Tr.  Digitalis.  Tr.  Aconite,  Adrenalin  (5  c. c);  KG, 
9%  Alcohol  (25  cc);  1%  Caffein  (25  c.c);  Ringer's  Fluid  (i  L.). 
The  following  dissolved  in  o.7S  saline  (S  c  c.  of  each)  :  Digitalis,  4 
and  20%  infusion ;  Aconite,  4%  infusion :  BaCk  r% ;  Strychnin,  Vi"% ; 
C:hlorofomi  and  Ether  (saturated)  ;  Quinin,  1%  and  '/„%. 

Experlmenta. —  There  may  be  distributed  amongst  the  sets  as  fol- 
lows (five  sets  suffice  to  demonstrate  the  principal  druffs  and  methods)  : 

Set  A  =  A  I  and  Ca  i:  Set  B  =  B  2  and  Cb  4;  Set  C  =  A  6  and 
F  i;  Set  D  =  D:  Set  E  =  E:  Set  F=A  2  and  F  2:  Set  G  =  B  1  and 
Cb  3 ;  Set  H  =  A  3  and  Cb  I :  Set  I  =  B  3  and  Ca  2 :  Set  K  =  A  4  and 
Cb.  2:  Set  L=B  4  and  Ca  l:  S^t  M  =  A  I   (Barium)  and  Ca  d. 

A.  Inspection  of  Expo>ed  Heart,  Local  Application.— CcthtoI 
Directions.— PHh  the  brain  of  a  fro;g  (page  795)  and  pin  on  board. 
Expose  the  heart  (page  799)  and  trim  away  the  pericardium.  Count 
the  rate  and  observe  the   siie,   the  relative  strength  of  systole  and 
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diastole,  the  color  and  regularity.  Irrigate  the  heart  with  the  solu- 
tion, from  a  pipette,  and  repeat  the  observations  and  the  apphcation  of 
the  drug  every  five  minutes  during  an  hour,  or  as  long  as  the  heart 
survives.  Record  the  results  in  the  form  of  a  curve,  as  in  Fig.  125, 
the  abscissx  corresponding  to  the  rate,  tl.s  ordinates  to  the  time, 

I.  Dii^UIi*.— Apfily  4%  infusion  (Figs.  135  and  88,  page  4&4>- 
The  effect  consists  in  an  increased  tone  of  the  cardiac  muscle ;  the 
beats  are  slowed  (sometimes  there  is  a  preliminary  quickening)  and 
strengthened.  The  systole  particularly  increases,  the  heart  becoming 
progressively  smaller  and  whiter.  The  contractions  then  become  ir- 
regular, and  often  peristaltic.  The  slowing  continues  and  affects  par- 
ticularly the  ventricle,  so  that  there  may  be  several  auricular  beats  in 
each  contraction  of  the  ventricle.  Finally  the  heart  stops  in  systole, 
t.  t.,  as  a  small  white  lump.  It  may  be  necessary  to  apply  a  20%  infu- 
sion to  obtain  this  result.  It  the  ventricle  be  distended  by  injecting 
0.;'5  saline  under  pressure   (with  a  hypodermic  syringe),  it  will  again 
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The  application  of  aqueous  camphor  solution,  or  pricking 
with  a  needle,  sUrts  only  a  few  beats.  Veratrin  (/j%)  or  BaO,  (l%) 
give  effects  very  similar  to  digitalis. 

The  results  are  sometimes  atypical. 

a.  Aconite, —  Apply  4%  infusion.  This  stimulates  and  then  para- 
lyzes successively  the  accelerators,  vagus,  and  muscle  (see  Fig.  67, 
page  330).  If  the  results  are  typical  the  rate  is  first  quickened,  then 
slowed,  then  again  quickened  and  irregular,  and  then  gradually  slowed 
with  final  paralysis  in  the  median  position.  The  primary  quickening 
may  be  absent.  The  secondary  quickening  is  fairly  constant  and  char- 
acteristic. The  most  striking  feature  is  the  extreme  irregularity  and 
arhythmia  of  the  heart  in  the  later  stages.  This  may  take  the  most 
varying  forms.  The  two  sides  of  the  ventricle  often  beat  alternately, 
the  blood  being  pumped  from  one  side  to  the  other. 

3.  Strychnin. —  Use  y™%.  This  has  practically  no  effect,  demon- 
strating that  this  alkaloid  is  not  a  cardiac  stimulant  in  the  strict 
sense. 

4.  Qninln.— Use  Vit%.    The  heart  is   slowed  and  finally  stops  in 
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median  position,  by  paralysis  of  the  cardiac  muscle.  The  action  is 
aaalogous  to  that  on  skeletal  muscle  (consult  Exercise  45). 

g.  Aneatliettci.—  Excise  the  hearts  of  six  frogs.  Place  two  hearts 
into  each  of  three  watch-glasses  containing  the  following  normal  solu- 
tions: (a)  Normal  saline;  (&)  normal  saline  saturated  with  chloro- 
form; (c)  normal  saline  saturated  with  ether.  Note  that  the  chloroform 
stops  ve^  quickly,  the  ether  heart  much  later.  The  stoppage  is  in  the 
median  (paralytic  condition),  and  is  preceded  by  slowing  and  weaken- 
ing. If  the  hearts  are  at  once  removed  to  normal  saline,  they  may  beat 
again. 

The  greater  toxicity  of  the  chloroform  is  emirfiasized  by  the  fact 
that  it  is  much  less  soluble  than  ether,  the  saturated  solution  contain- 
ing only  a  twentieth  as  much  of  chloroform  as  of  ether. 

B.  Syatemlc  Administration.— The  drugs  may  be  injected  into  the 
dorsal  lymph-sac,  just  before  pithing  and  exposing  the  heart.  The 
results  are  practically  identical  with  those  of  direct  application.  The 
following  may  be  usid : 

1.  Tr.  Digilatii,  1  c.  c. 

2.  Tr.  Aconite,  i  c,  c. 

3.  Strychnin,  1  c.  c.  of  V«%. 

4.  Quittitt,  I  c.  c.  of  1%. 

C.  Tracings  (Turtle's  Heart) — (o)  Suspension  method.— Arrange 
the  heart  for  tracings  by  the  suspension  method  (see  page  800)  and 
apply  the  drugs  as  in  A,  1,  2,  3,  and  4. 

(6)  Rest  the  lever  on  the  heart  (see  page  800)  and  apply  the  drugs 
as  in  A,  1,  2,  3,  and  4. 

D.  Perfusion  of  Frog'f  Heart.— Arrange  the  heart  for  perfusion 
(see  page  800).  Observe  the  results  or  take  tracings  by  the  suspen- 
sion method  (see  page  800).  Use  Digitalis,  1%  of  the  4%  infusion. 
(KCI  and  adrenalin  (see  No.  E)  or  alcohol  (5%)  may  be  substi- 
tuted.) 

The  Williams  heart  apparatus  (Fig.  123,  pace  894)  can  be  demon- 
strated. 

E.  Perfusion  of  Turtle's  Heart.— See  technic,  page  801. 
Employ  KCI,  0.9% ;  the  heart  is  arrested. 

Substitute  adrenalin,  1  :  50,000;  the  heart  revives.  (Add  i  :  50  of 
I  :  1,000. ) 

CDigitalis  cr  alcohol  may  be  used  instead,  see  No.  D.) 

F.  Strips  of   Turtle's    Ventricle.—    See  technic,   page  801. 
Use  I.  Alcohol,  2,  5,  and  10%. 

2.  Caflein,  o.cc  and  0.1%  (see  Fig.  50  C,  page  l6s). 
(Strychnin,  0.01%,  or  Digitalis,  aooiVo,  may  be  substituted.) 
Sttmmarige  the  effects  of  Quiniit  iii  Chapter  XXXVIII,  No.  13. 

EXERCISE  50.— CARDIAC  NERVES  IN  THE  FROG  AND 
TURTLE. 

Study  in  connection  with  Chapters  XI  and  XII. 

Read  the  technic,  page  8oa 

Experiments.— Half  the  sets  nay  do  I,  the  others  II.— i.  Stimu- 
Ution  and  Psrslysls  of  VaKOS  Endings —  (a)  Pith  the  brain  of  a 
frog,  pin  on  board,  expose  hear:  znd  remove  pericardium.  Note  that 
electric  stimulation  of  the  sinus  venosus  stops  the  heart  (stimulation 
of  vagus  ganglia),  ...        ,    l      ■ 

(6)  Apply  atropin:  In  a  few  minutes,  stimulation  of  the  sinus  pro- 
duces no  effect  (paralysis  of  vagus  endings).  The  atropin  may  cause 
a  quickening  of  the  heart  by  stimulating  the  muscle. 
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(c>  Wash  off  the  atropin  with  normal  sahne.  Apply  muscarin  (or 
physostigmin)  ;  sinus  stiinnlalion  is  again  effectual,  and  heart  may  be 
slowed  (stimulation  of  vagus  endings  and  cardiac  muscle). 

{d)  Wash  with  normal  saline  and  repeat  (t)  ;  same  effect.  Atropin 
and  muscarin  (or  physostigmin)  have  antagonistic  actions,  and  which- 
ever is  used  in  larger  quantities  can  overcome  the  effects  of  the 
other.  This  holds  for  all  peripheral  structures  upon  which  these  alka- 
loids act. 

II.  Stimulation  and  Paraiysia  of  Vagui  Oanglla.—  (s)  Pith  the 
brain  of  a  turtle,  pin  on  board,  and  expose  the  heart  and  remove  peri- 
cardium. Expose  the  vagus  trunk  (see  page  800).  Note  that  electric 
stimulation  of  the  vagus  trunk  slows  or  slops  the  heart, 

(b)  Apply  nicolin,  or  pitocarpin.  The  heart  is  first  slowed  (stimu- 
lation of  vagus  ganglia),  then  quickened  (paralysis  of  these  ganglia). 
Stimulate  the  vagus  trunk;  no  effect.  Stimulate  the  sinus;  the  heart 
is  slowed  or  stopped.  (This  shows  the  location  of  the  paralysis.  Ex- 
plain.) 

Summariee  ihc  action  of  Muscarin.  Chapter  XXXVIII.  No.  2$. 

Material  Needed  (for  six  students). —  Frog;  turtle;  pins;  dissecting 
tools;  2  pipettes;  1  induction  coils  connected  for  tetanizing  current. 
2  c. c.  of  each  of  the  following  alkaloids:  '/h%  solution  of  the  salt  in 
0,75%  NaQ:  Atropin,  Muscarin  or  Physostigmin,  Nicotin,  Pilocarpin; 
25  c.  c.  0.75%  NaCl. 

EXERCISE  51  — EFFECTS  OF  DRUGS  ON  BLOOD  VESSELS. 

Study  in  connection  with  Chapters  XUI,  and  XXI  to  XXIII. 

Consult  also  Exercises  71  to  73. 

Explanatory. —  This  stibject  will  be  studied  in  detail  in  the  tKxt 
chapter,  since  it  generally  requires  operative  procedures.  Some  of 
the  effects  may  be  observed,  however,  in  intact  animals,  by  inspection, 
and  in  frogs. 

Experiments. —  The  experiments  may  be  demonstrated,  or  dis- 
tributed amongst  the  sets.     (Consult  Exercise  27,  No.  3.) 

I.  Ergot  on  Comb  of  Rooster. —  Administer  to  a  rooster  5  Cms. 
of  powdered  ergot  (rolled  into  a  cartridge  with  tissue  paper)  by  mouth. 
or  5  c.  c.  of  fluidexiract  hypodermically-  Within  an  hour  the  tips  of 
the  combs  and  wattles  will  become  cool  and  blacken.  This  may  per- 
sist for  several  days  and  may  pass  into  dry  gangrene  of  the  anected 
parts.  The  result  is  due  to  a  persistent  vasoconstriction,  resulting 
from  a  direct  action  on  the  arterial  muscle.  (The  experiment  is  often 
unsuccessful,  if  the  ergot  has  become  inactive,  or  if  the  animal  is  not 
very  susceptible.) 

3.  Vaaodilation  from  Depresrion  of  Vaaoconstrictor  Qanglia.— 
Vasoconstriction  Through  ReAex  Stimulation  (Nicotin). —  Inject  two 
white  rabbits,  each  with  to  mg.  per  Kg.  of  nicolin  (i  c,  c.  of  1%  per 
Kg.).  In  about  ten  minutes  the  ear  vessels  are  seen  to  dilate.  (De- 
pression of  the  sympathetic  ganglia.)  Apply  reflex  stimulation  (blow- 
ing on  the  rabbit)  ;  the  vessels  constrict  at  once ;  after  a  short  time 
they  dilate  again,  and  the  experiment  may  be  repeated  indefinitely. 
(The   small   dose  of  nicotin   used   in   this   experiment   produces  a   de- 

Materiah  Required  (for  entire  class).— 3  frt^s;  2  microscopes; 
f rogboards ;  pins;  2  tumblers;  pipettes;  dissecting  tools;  plethysmo- 
graphs;  oncographs;  hypodermic  syringe;  rooster  with  large  comb;  a 
white  rabbits;  dog;  frog's  perfusion  apparatus.  ^%  Curare  ('lO  c.  c.)  : 
Tr.  Digitalis  (25  c.  c.) ;  1%  Nicotin  (loc.c);  Ergot  (or  fluidextract). 
(5  Gffl)  ;  Ringer's  Fluid  (400  c,  c) ;  10%  Sodium  Nitrite  (zs  c.  c). 
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prcssion  of  the  ganglia  suHicient  to  block  Ihe  weak  tonic  vasocon- 
strictor iinpiilses  which  pass  normally  to  the  muscle ;  but  it  is  not 
sufficient  to  block  stronger  impulses,  as  those  due  to  reflex  stimula- 
tion.   Larger  doses  of  nicotin  block  these  impulses  also.) 

The  general  effect  of  nicotin  may  also  be  observed  on  this  animal 
(compare   Exercise  24,   No.  3   a).     The   reflex   excitability   is  first   in- 
creased, then  the  animal   shows  a  condition  of  partial   paralysis,  with 
convulsions  on  stimulation.    There    may  be  nausea.    The  pupils   are  ■ 
variable. 

3.  Digitalla  on  Veuela  of  Frog's  Foot.— Curarize  a  frog  (see 
Exercise  42.  No.  1).  Pin  on  board  to  observe  circulation  in  ioot  (Oc. 
Ill,  obj.  III).  Make  an  exact  drawing  of  a  small  vessel.  Inject  into 
lymph-sac  0.5  c.  c,  of  tincture  (10%)  digitalis  and  observe  the  same 
vessel  from  time  to  time  and  note  changes  in  its  diameter.  A  marked 
vasoconstriction   (about  25%)   is  usually  observed. 

More  exact  results  can  be  obtained  by  using  a  camera  lucida  or  an 
eye-piece  micrometer. 

4  Adrenalin  on  McBenterin  VcskIs,  Frog.— See  technic,  page  796. 
Apply  '/im%  adrenalin  and  observe  the  constriction.  (This  experi- 
ment may  be  modified  to  show  the  action  of  astringents,  by  first  induc- 
ing an  inflammation  and  then  applying  1%  alum.) 

5.  Artificial  Perfusion,  Frog.—  Pith  a  frog,  brain  and  cord,  and 
perfuse  the  vessels  of  a  frog  (see  page  801)  with  Ringer's  Fluid. 
Observe  the  rate  of  flow.  Substitute  I  :  2jxx>  sodium  nitrite :  The 
flow  is  quickened.  Substitute  i  :  100  of  Tr.  Digitalis:  The  flow  is 
slowed.  Do  these  drugs  act  centrally  or  peripherally?  (Any  of  the 
solutions  mentioned  in  Exercise  73  may  be  employed.) 

EXERCISE  S2  —  EFFECTS  OF  DRUGS  ON  THE  PULSE. 

Explanatory. —  The  circulatory  effects  of  drugs  can  be  studied  to 
some  extent  by  observing  the  rale,  strength,  regularity,  etc.,  of  the 
pulse ;  the  observations  .can  be  made  more  exact  by  employing  a 
sphygmograph,  cardiograph,  sphygmomanometer,  and  plethysmograph. 
These  experiments  should  be  made  on  man.  They  are  left  to  volun- 
teers, but  the  student  will  find  them  most  instructive  if  he  performs 
as  many  as  possible  on  himself.  The  doses  are  chosen  so  as  to  pro- 
duce but  a  moderate  therapeutic  effect,  devoid  of  all  danger  (except 
perhaps  in  severe  circulatory  disease).  It  would  also  be  very  useful 
to  repeat  the  observations  on  well-selected  ward  cases. 

Observations  Required. —  Rate,  character,  tension,  rhythm,  and  regu- 
larity of  the  pulse.  Rate  of  respiration.  Incidental  effects  (headache, 
bowels,  etc.).  Other  effects  as  noted  in  the  experiments.  The  drugs 
should  be  taken  an  hour  after  meals,  the  subject  remaining  perfectly 
quiet  during  the  period  of  observation  ;  this  should  extend  over  sev- 
eral hours.  Several  observations  of  the  normal  conditions  should  be 
made  before  the  drug  is  taken. 

Experiment!  (Optional). —  i.  Let  a  rabbit  inhale  ammonia;  note 
that  the  heart  stops  by  reflex  stimulation  of  the  vagus  center,  through 
irritation  of  the  trigeminal  (consult  Exercise  28,  No.  1).  This  effect 
is  sometimes  produced  by  the  inhalation  of  chloroform  and  constitutes 
one  of  the  causes  of  death  during  anesthesia  (Fig.  81.  p.  429). 

2.  Take  0.3  c.c.  of  tincture  of  digitalis:    In  about  half  an  hour  the 

Material  Needed. —  Sphygmograph.  Plethysmograph,  Sphygmomano- 
meter, Rabbit.  Drugs  (best  in  the  form  of  tablets)  :  Digitalis  ('0.3 
c.  c.  of  tincture)  ;  Atropin  ( i  mg.)  ;  Aconite  (0.3  c  c.  of  10%  tincture)  ; 
Amyl  Nitrite  (3  drop  pearls). 
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pulse  will  be  somewhat  slowed,  with  increased  tension.    Stimulation 
of  v^us  and  of  cardiac  and  arterial  muscle. 

3.  Take  I  mg.  of  afropin:  quickening  of  pulse  (depression  of  vagus 
endings),  rarely  preceded  by  slowing.  Dilatation  of  pupils,  dryness 
of  mouth,  absence  of  perspiration  (depression  of  the  corresponding 
endings).  Sometimes  a  little  headache.  The  effects  begin  in  about 
30  minutes,  and  reach  their  maximum  in  about  an  hour,  and  last  some 
six  or  eight  hours. 

4.  Chew  a  tablet  containing  0.15  c.  c.  of  tincture  of  aconite.  Note 
the  prickly  sensation  of  the  tongue.  In  about  half  an  hour  the  pulse 
is  somewhat  slowed,  and  the  tension  lowered.  (Stimulation  of  the 
vagus  center.) 

5.  Crush  the  Amyl  Nitrite  pearl  in  a  handkerchief  (or  drop  on  3 
drops)  and  inhale.  At  once  the  face  flushes  (note  the  extent  of  die 
reddened  area);  the  head  throbs;  the  heart  is  quickened;  the  tension 
is  lowered,  the  dicrotic  wave  is  more  prominent  (Fig.  84,  page  472). 
(Vasodilation,  inhibition  of  vagus  tone.) 

EXERCISE  53.— ARTIFICI.^L  CIRCULATION   SCHEMA. 

Study  in  connection  with  Chapter  XXII. 

Explanatory. —  The  effect  of  changes  in  the  heart  and  blood  vessels 
on  the  blood  pressure  and  blood-flow  can  be  demonstrated  in  a  most 
instructive  manner  by  the  circulation  model  depicted  in  Fig.  126. 

Experiments..—  Make  the  following  observations  and  record  them 
in  tabular  form.  The  time  can  be  kept  with  a  metronome.  The  pump- 
ing should  be  continued  for  a  short  time  before  observations  are  taken. 

Students  A  and  6,  reading  of  arterial  and  venous  pressure;  students 
C  and  D,  pumping  and  outnow ;  students  E  and  F,  recording. 

Outflow 
Abtekial  Venous  (at  v.). 
Pbessuhe.  PnEssiniE.  (Time  re- 
Max.  Mih.  Max.  Min.  quired  for 

I.  (Normal)  Pump  with  moderate  100  c.c.) 

excursions:  at  rate  of  60  per 
minute.  The  capillaries-clan^ 
is  partly  closed 

a.  (yagMi  Stimulation)  Pump  at 
the  rate  of  10  per  minute,  al- 
lowing complete  'relaxation, 
but  incomnlete  contraction.. .  Falls.  Falls.  Falls. 

3.  (yagus  Depression)  Pump  at 
the  rate  of  i30  per  minute. 
but  with  very  weak  compres- 
sion  Little  rise.    Little  rife.    Little  rise. 

4  (Digitalis  action  on  Cardiac 
Muscle)  Pump  at  the  rate  of 
30  per  minute,  causing  com- 
plete contraction,  but  incom- 
plete   relaxation Rises.  Rises.  Rises. 

5.  Simultaneous  stimulation  of 
Vagus  and  Cardiac  Muscle 
{Digitalis).— 7um^  at  the 
rate  of  30,  with  complete  con- 
traction and  relaxation Rises.  Rises.  Rises. 

Material  Rf^uiV^rf.— Artificial  circulation  apparatus  (see  Fig.  126) 
vater  colored  with  carmine  or  blood ;  Metronome ;  100  c.  c.  graduate. 
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Outflow 
AsTERiAL  Venous  (at  v.) . 
Pressure.  Pressure.  (Time  re- 
Max.  Min.  Max.  Min.   quired   for 

6.  VaiocotutrielioH. —  Repeat   i, 

then    tighten    the    capillaries- 
clamp  Rises.  Falls.  Falls. 

7.  yaiodilalation. —  Open    the    ca- 

pillaries-clam^   Falls.  Rises.  Rises. 

ft.  Complete     Digtlalic     Action. — Rises  more  Rises  less  Rises  less 

Combine  5  and  6 than  5  or      than  5,  than  5, 

6.  more  than    more  than 


^gnre  ia6  Artificial  Circulation  Model:  The  heart  ig  repretented  br  ■  rubber 
■TTinge  bulb  with  valves  in  Ihe  direction  of  the  arrow.  This  is  comprewed  by 
a  lemoo-»i]ueeMr.  The  veaiels  are  formed  by  rubber-tubing,  ihat  for  Ibe  aorta 
being  eapecially  elatlic.     The  arteris]  preMure  is  talten  on  a  mercury  manometer; 

is  fumiihed  by  a  screw  clamp.     The  dimensions   at   Ihe   apparatus  arc   indicated 
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EXERCISE  54  — EFFECT  OF  DRUGS  ON  THE  PUPIL. 


Study  in   connection  with  Chapters  XI  and   XII. 

Explanatory. —  The  iris  contains  two  sets  of  smooth  muscle  fibers, 
the  circular  sphincters  and  radial  dilators  (Fig.  56.  page  23i). 

The  sphincter  muscle  is  innervated  by  fibers  contained  in  the  oculo- 
motor nerve.  I'hese  terminate  around  the  cells  of  the  ciliary  ganglioa. 
From  here  the  fibers  pass  on  as  the  short  ciliary  nerve. 

The  nerve  fibers  for  the  radial  muscles  run  in  the  cervical  sym- 
pathetic nerve,  and  terminate  in  the  superior  cervical  ^nglion.  The 
fibers  which  arise  here  run  through  the  Gasserian  ganglion  (but  with- 
out joining  any  cells),  where  they  unite  with  the  first  branch  of  the 
trigeminal,  and  run  to  the  iris  in  the  long  ciliary  nerve. 

The  pupils  may  therefore,  be  affected  Uirough  the  following  mechan- 

(A)  Dilator  Mechanisu.  (B)  Constrictor  Mechanisu. 

I.  Sympathetic  center.  7.  Oculomotor  center. 

3.  Sympathetic  and  loi^  ciliary  8.  Oculomotor  and  short  ciliary 

3.  Superior  cervical  ganglion.  9.  Ciliary  ganglion. 

4.  Post-ganglionic  fibers.  10.  Post-gangi ionic  fibers. 

5.  Endings  in  radial  muscle.  il.  Endings  in  sphincter  muscle. 

6.  Fibers  of  radial  muscle.  12.  Fibers  of  sphincter  muscle. 

Stimulation  of  "A"  causes  dilatation;  paralysis,  constriction  through 
the  unopposed  action  of  the  constrictor  mechanism. 

Stimulation  of  "B"  causes  constriction;  [laralysis,  dilatation  through 
the  unopposed  action  of  the  dilator  mechanism. 

The  action  may  be  located  as  follows  (the  principal  drugs  giving 
these  effects  are  added  in  parenthesis)  : 

A.  It  is  tried  whether  the  drug  acts  also  when  applied  to  the  cornea, 
and  if  so,  whether  the  effect  is  confined  to  this  eye,  or  at  least  is  much 
greater  there.  If  this  is  the  case,  the  action  must  be  on  the  endings 
or  muscle.  If  the  drug  acts  only  when  it  is  introduced  systemically. 
the  action  must  be  on  the  ganglia  or  centers.  The  ganglia  arc  dis- 
cussed below.  Central  actions  are  usually  confined  to  the  dilator  center 
(stimulated  by  asphyxia,  depressed  in  man  by  morphin). 

B.  Dilation  of  Pupil  (MydriaaU).— The  oculomotor  trunk  is  ex- 
posed and  stimulated : 

1.  No  effect'  Peripheral  constrictor  paralysis.  It  remains  to  dis- 
tinguish between  the  ganglia,  endi;igs,  and  muscle,  by  stimulation  of 
the  short  ciliary  and  of  Hie  sphincter  muscle  (Atropin  paralyzes  the 
oculomotor  endings.  What  would  be  the  result  of  these  stimula- 
tions?) 

2.  Oculomotor  stimulation  is  effective:  The  dilation  must  be  due 
to  sympathetic  stimulation.  The  drug  would  be  ineffective  after  sec- 
tion and  degeneration  of  the  sympathetic.  Stimulation  of  the  ganf^ia 
can  be  shown  or  excluded  by  section  of  the  long  ciliary  (Cocain  stimu- 
lates the  sympathetic  center,  ganglion,   and  endings). 

C.  Conatrlction  of  tiie  Pupil  (Mioai*).— The  cervical  sympathetic 
is  stimulated : 

I.  No  eSect:  sympathetic  paralysis.    The  distinction  between  ganglia, 

Materials  Required  (for  entire  class).— Five  animals  and  pipettes, 
2  c.  c.  of  1%  solution  of  salts  of  atropin,  physostigmin,  pilocarpin,  and 
cocain ;  dionin,  10%,  i  c.  c. 
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lulation.) 

2.  Sympathetic  stimulation  is  effective :  The  constriction  must  be 
due  to  oculomotor  stimulation.  This  is  generally  in  the  endings  (phy- 
sostigmin,  muscarin.  pilocarpi!)).  The  ganglia  may  be  excluded  by 
section  of  the  short  ciliary ;  the  muscle  by  the  tact  that  large  doses  of 
atropin  cause  dilation. 

The  localization  of  these  actions  requires  rather  complicated  opera- 
tions ;  but  the  local  effects  and  the  antagonism  can  be  readily  demon- 

Experimentf  (To  be  demonstrated). —  General  Method. —  Drop  a 
few  drops  of  the  solution  into  the  eye  of  the  animal  with  a  pipette. 
Note  when  the  dilatation  or  constriction  sets  .in  —  about  15  minutes 
(using  the  other  eye  for  comparison) — when  it  reaches  its  maximum 
—  about  an  hour— and  when  it  disappears  —  about  a  day.  Try  whether 
the  light  reflex  is  preserved.  Report  the  results,  stating  what  con- 
clusions are  justified  in  each  case.  Cats  are  best  adapted  to  the  study 
of  drugs  acting  on  the  pupil.  Dogs  answer  very  well.  Rabbits  can 
also  be  used,  but  are  not  quite  as  sensitive.  It  must  also  be  remem- 
bered that  in  rabbits  the  two  eyes  react  independently  to  liRht,  so  that 
the  nose  of  the  rabbit  must  be  pointed  to  the  window,  if  the  eyes  are 
to  be  compared.     Rabbits   do   not   react  to   Dionin. 

(The  excised  eyes  of  frogs  may  be  placed  in  '/,,%  solutions  in  nor- 
mal saline,  in  the  dark.  Atropin  dilates,  physostigmin  constricts,  the 
iris.    The  results  are  not  uniform,  however.) 

I.  (a)  Place  a  drop  of  Atropin  into  the  eye  of  the  animal:  Dila- 
tion. The  effect  is  confined  to  one  eye.  I,ight-reflex  is  absent.  (Pa- 
ralysis of  oculomotor  endings.) 

ib)  In  an  hour,  drop  pilocarptn  into  the  same  eye;  little  effect. 

(e)  In  15  minutes  drop  physostigmin  into  the  same  eye;  constric- 
tion. 

a.  Into  the  eye  of  another  animal,  place  a  drop  of  physostigmin: 
constriction,  confined  to  the  one  eye.  Appears  in  15  minutes,  maximum 
in  about  an  hour.     (Stimulation  of  oculomotor  endings,) 

3.  Pilocarpin:  Drop  into  the  eye  of  another  animal;  constriction 
confined  to  the  one  eye,  but  not  as  great  as  physostigmin.  (Perif^eraj 
stimulation  of  the  oculomotor.) 

4.  Cocain:  Note  the  anesthesia  and  dilatation,  confined  to  the  one 
eye.  The  latter  is  not  as  strong  as  with  atropin,  and  the  pupils  still 
react  to  light.     (Stimulation  of  the  sympathetic.) 

5.  Dionin:  Drop  some  10%  solution  on  conjunctiva  of  dog  or  cat: 
hyperemia  and  edema. 

Summarise  the  effects  of  Cocain  in  Chapter  XXXVllI.  ffo  14;  and 
Dionin,  No.  14A. 

EXERCISE  55  — EFFECTS  OF  DRUGS  ON   (SAUVARY) 
GLANDS. 

Explanatory.— The  peripheral  effects  of  drugs  on  the  iris,  on  other 
forms  of  unstriped  muscle,  on  the  vagus  mechanism  of  the  heart,  and 
on  glands  are  very  similar.  The  only  important  exceptions  are  the 
muscle  of  the  arterioles  and  uterus,  and  the  liver,  mammary  gland, 

Ualerials  Required  (for  entire  class).— 2  rabbits;  hypodermic  sy- 
ringe. 25  e. c.  of  /i.%  solution  of  pilocarpin;  5  c. c,  of  1%  atropin 
(the  alkaloids  in  the  form  of  salts)  ;  5%  acetic  acid  (50  c.  c). 
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and  kidney.    The  action  is  the  more  typical,  the  more  the  orgaii  u 

normally  under  nervous  control. 

The  more  important  drugs  act  as  follows; 
Pure  paralysis  of  endings:  atropin. 

Siimulatian  of  endings:  physostigmin,  muscarin.  pilocarpin.     Pilo- 
carpin  also  stimulates  the  ganglia;  physostigmin  the  muscle  and 
gland  cells. 
Ganglia:    These  are  first  somewhat  stimulated,  and  then  depressed, 
by   nicotin,  coniin,  lobelia,  spartein,  curare,  and  cocain. 
The  glandular  effects  are  studied  most  conveniently  on  the  salivary 
glands.    The  submaxillary  gland  of  the  dog  has  the  additional  advan- 
tage that  it  possesses  a  double  nerve  supply.     This  may  be  utilized  to 
prove  that  atropin  acts  on  the  endings  and  not  on  the  gland-cells. 

Glandular  secretion  may  also  be  affected  through  centers,  directly 

or  reflexly.    The  salivation  during  apomorphin  nausea  (Exercise  30, 

e  of  direct  central  stimulation. 


Experiments.— Number  I  should  be  tried  by  each  student;  2  and  3 

may  be  demonstrated. 

I.  Reflex  Stimulation.— Place  a  little  dilute  acetic  acid  in  the 
mouth  and  note  the  increased  salivation.  The  inhalation  of  ether  or 
chloroform  acts  in  the  same  manner. 

a.  Pilocarpin  {Increase  of  secretions). —  Inject  into  a  rabbit  hypo- 
dermically  5  mg.  (5  c. c.  of  I  ;  t.ooo)  per  Kg.  of  pilocarpin;  In  about 
half  an  hour,  salivation  occurs  (stimulation  of  chorda-tympani,  ganglion, 
and  endings). 

3.  Atropin  (Checks  secretion). —  Inject  another  animal  at  the  same 
time  with  the  same  dose  of  pilocarpin,  and  when  salivation  is  pro- 
nounced, inject  10  mg.  (l  c.c.  of  1%)  per  Kg.  of  atropin.  On  com- 
paring the  two  animals  in  about  halt  an  hour,  it  is  seen  that  the  atropin 
checks  the  salivation  more  or  less  completely  (paralysis  of  the  chorda- 
tympani  endings). 

4.  Chorda  Tympani  Experiment  (Optional).— See  Stewart's  Man- 
ual, or  Practical  Physiology,  Beddard,  etc.,  for  technic.  Insert  a  can- 
nula in  Wharton's  duct.  Stimulate  the  cervical  sympathetic :  the  gland 
becomes  pale  and  secretes  .a  little  thick  saliva.  Stimulate  the  chorda 
tympani:  the  gland  flushes  and  fields  abundant  thin  saliva.  Inject 
intravenously  30  to  40  mg.  of  nicotin  (for  a  dog,  or  10  mg.  for  a  cat). 
Stimulation  of  the  chorda  is  now  ineffective,  but  stimulation  at  the 
hilus  of  the  gland  (».  e.,  beyond  the  ganglion  cells)  causes  secretion. 
The  nicotin  has  therefore  paralyzed  the  ganglion.  Inject  10  to  14  mg. 
of  atropin  (for  a  dog,  5  to  15  mg-  for  a  cat).  Stimulation  at  the 
hitus  causes  no  secretion,  although  the  gland  flushes.  The  atropin 
therefore  does  not  act  on  the  vasodilator  endings,  but  it  paraly7.es  the 
secretory  mechanism  somewhere  peripheral  to  the  ganglion.  Stimulate 
the  sympathetic:  this  causes  secretion.  The  cells  are  therefore  not 
paralyzed.  The  atropin  must  act  on  the  endings.  Inject  some  2% 
pilocarpin  into  the  duct,  so  that  it  comes  in  contact  with  the  cells :  secre- 
tion resumes,  since  the  pilocarpin  stimulation  overcomes  the  atropin 
paralysis. 

EXERCISE  56.— ANTHELMINTICS. 

Study  in  connection  with  Chapter  XXX. 
Explanatory. —  Anthelmintics  are  remedies  used  against  intestinal 
parasites.  They  either  kill  the  worms  (vermicides),  or  narcotize  them 
(vermifuges),  so  that  they  can  be  expelled  by  a  cathartic  Theyare 
all  fiirly  violent  protoplasmic  poisons,  but  possess  a  peculiar  toxicity 
for   the    parasites,    Aspidium    and    pelletierin   are   especially    effective 
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against  tapeworm)  santonin  against  roundworms.  Quassia,  iron,  etc., 
are  used  by  enema  against  threadworms. 

The  toxic  action  of  these  anthelmintics  can  be  demonstrated  outside 
of  the  body,  by  the  experiments  described  below.  The  intestinal  canal 
of  the  dog  usually  furnishes  a  plentiful  material.  These  experiments 
can  be  performed  in  conjunction  with  one  of  the  operative  exercises 
of  Chapter  XXXVII. 

ExperimenU.—  Split  the  intestine  and  collect  the  parasites.  Place 
some  in  normal  saline,  and  some  in  the  various  anthelmintic  solutions 
and  keep  at  40°  C.  Note  that  the  motion  ceases  gradually  in  the  anthel- 
mintic solutions.  If  the  worms  are  then  promptly  removed  and  placed 
in  saline,  they  may  recover. 

Materials  Needed.— Freib  dc^s  intestine;  water  hath  at  40'  C.,' 
containing  bottles  with  25  c.  c.  of  5%  infusions  of  aspidium,  quassia 
and  spigelia;  '/»%  solution  santonin,  with  NaOH;  1%  emulsion  tur- 


CHAPTER  XXXVII. 
OPERATIVE  WORK  ON  MAMMALS. 

(Review  the  technic,  pages  801  to  820,  and  the  remarks  on  note-taking, 
page  823.) 
Prellmliiary  Remarks. —  The  technic  of  mammalian  experiments  is 
not  very  difficult;  but  it  is  somewhat  more  complicated  when  it  is 
desired  to  utilize  the  material  as  thoroughly  as  possible.  This  may 
be  done  by  employing  several  methods  and  a  succession  of  drugs  on 
the  same  animal.  The  economy  of  time  and  material  is  not  the  only 
advantage  of  this  plan.  The  simultaneous  registration  of  several  func- 
tions is  always  useful,  and  often  indispensable  for  the  interpretation 
of  the  phenomena.  The  successive  admmistration  of  drugs  emphasizes 
tiieir  resemblance  and  antagonism,  and  the  principles  of  therapeutics. 
On  the  other  hand,  this  plan  makes  heavy  demands  on  the  attention 
and  skill  of  the  students.  Confusion  should  be  avoided  by  assigning 
the  work  in  advance  (see  page  790).  This  should  be  studied  before 
beginning  the  operation.  The  class  may  be  divided  into  sets  of  six 
Students,  numbered  from  A  to  F.  It  is  not  advisable  to  assign  less 
than  five  students  to  an  experiment;  if  the  class  cannot  be  divided 
evenly,  it  is  better  to  enlarge  the  sets.  The  student  should  remember 
that  the  subdivision  of  the  work  is  merely  for  the  purpose  of  con- 
venience. He  should  be  ready  to  co-operate  with  the  other  members 
of  his  set  in  their  duties,  and  he  is  responsible  for  their  work  and 
observations,  as  well  as  for  his  own.  Where  several  sets  of  observa- 
tions are  to  be  taken,  the  one  on  which  the  main  stress  is  laid  in 
the  exercise  should  receive  first  attention,  even  if  it  should  be  neces- 
sary to  sacrifice  the  others.  Different  experiments  may  be  assigned 
to    the    different    sets.'    If    the    time    is    limited,    it    may    be    advisa- 
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ble  to  enlarge  on  this  principle,  and  to  further  subdivide  the  exercises 
amongst  the  sets;  each  set  doing  but  part  of  the  work.  The  difficult 
may  be  met  more  advantageously  by  preparing  and  operating  the  ani- 
mals before  the  opening  oT  the  class,  for  a  great  deal  of  time  can  be 
wasted  in  this  preparation.  The  animals  should  always  receive  the 
morphin  a  half-hour  or  hour  before  they  are  to  be  used. 

There  should  be  a  demonstrator  for  at  most  two  sets.    He  should 
aid  in  the  arrai^ement  and  adjustment  of  the  apparatus,  call  ati 
to  the  prominent  features  of  the  experiment,  and  decide  when  t 
from  one  drug  to  another. 

The  details  of  the  experiments  should  be  recorded  in  column  form, 
as  indicated  in  the  exercises;  each  set  keeping  its  own  notes  and 
diagrammatic  or  blue-print  reproductions  of  the  tracings.  The  con- 
clusions for  each  drug  sliould  be  briefly  summarized  at  the  end,  and 
controlled  by  the  results  of  the  other  sets.  The  demonstrators  should 
call  the  attention  of  the  class  to  typical  or  exceptional  results.  Every 
student  should  study  all  the  exercises  and  results,  including  those 
assigned  to  other  sets. 

The  apparatus  needed  for  these  experiments  will  be  found  in  part  in 
the  lockers  (Tables  XXIII  and  XXIV,  page  785).  Further  apparatus 
should  be  kept  conveniently  accessible  to  the  operating  table  (Table 
XXV,  page  786).  The  special  materials  (for  six  students)  are  noted  at 
the  beginning  of  each  exercise.  They  should  also  be  placed  on  the 
table.  The  reagents  which  are  not  in  use  should  be  arranged  alpha- 
betically on  a  side-shelf,  as  the  need  for  them  may  arise  at  any  time 
(Table  XXVIII,  page  787).  The  students  should  keep  their  Ubles  and 
apparatus  clean. 

The  use  of  smalt  dogs  will  effect  a  considerable  saving  of  drugs, 

EXERCISE  57.— INTERPRETATION    OF    BLOOD    PRESSURE 
(INTRODUCTORY). 

Changes  in  blood  pressure  may  be  either  cardiac  or  vascular.  The 
pressure-tracing  gives  a  very  imperfect,  and  often  erroneous,  impres- 
sion of  the  strength  of  the  heart-beat.  It  is  therefore  necessary  to 
distinguish  between  cardiac  and  vascular  changes  by  direct  experi- 
ments. The  cardiac  efTects  may  be  registered  with  the  myocardio- 
graph.  They  may  also  be  deduced  from  the  vein  pressure,  oncometer, 
or  circulation  time;  These  vary  in  the  same  direction  as  the  arterial 
pressure  if  the  changes  are  cardiac;  in  the  opposite  direction  if  they 
are  vascular.  Vascular  changes  may  also  be  distinguished  by  direct 
inspection  (see  Exercise  51). 

If  the  changes  are  cardiac  it  is  necessary  to  distinguish  between  ac- 
tions on  the  cardiac  muscle,  and  on  the  nervous  mechanisms,  central 
and  peripheral.    These  were  discussed  in  Exercise  48, 

Vascular  changes  may  concern  the  arterial  muscle,  or  the  vasocon- 
strictor or  vasodilator  nervous  mechanism.  The  vasodilator  system 
is  only  important  in  a  few  situations,  which  are  not  sufficient  to  affect 
the  general  blood  pressure.  It  is  therefore  only  necessary  to  consider 
the  vasoconstrictor  nerves  and  the  muscle. 

Vaioconstriction.— The  seat  of  the  stimulation  may  be: 
_  I.  Central.-— The  drug  has  no  effect  if  it  is  injected  after  destruc- 
tion of  the  spinal  cord.     The  venous  pressure  and  volume  of  the  leg 
increases  if  the  drug  is  injected  after  section  of  the  sciatic.     (Strych- 
nin, Caffein.  etc.) 

The  stimulation  may  also  be  reflex  (counterirritants)  or  from  co»- 
vuIsioHs  or  asphyxia.  These  must  be  excluded  by  curare  ^nd  arti- 
ficial respiration. 
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a.  Peripheral.—  (The  drug  is  effective  after  destruction  of  the 
qtinal  cord.)     The  stimulation  may  be  in : 

The  Gangtio. —  The  drug  does  not  act  on  excised  organs.  If  the 
drug  slows  the  stream  through  excised  organs,  the  action  must  be 
either  on  the  endings  (suprarenal)  or  on  the  mvscle  Abers  (barium). 
The  distinction  between  these  is  not  easy.  If  the  endings  alone  arc 
,  affected,  the  drug  will  not  act  on  every  organ,  and  it  will  fail  to  act 
after  apocodein,  or  after  the  organ  has  been  excised  for  some  hours. 
If  the  e^ect  is  on  the  muscle,  it  can  be  obtained  in  all  organs,  and  for 
many  hours  after  removal  from  the  body,  and  after  apocodein. 

Simultaneous  Action  at  Several  Points. —  The  above  experiments 
indicate  only  the  most  peripheral  structure  on  which  the  drug  acts. 
If  it  affects  a  peripheral  structure  and  the  center  simultaneously,  a 
positive  distinction  is  possible  only  by  maintaining  a  separate  artificial 
circulation  through  the  center.  By  this  means  it  has  been  shown  that 
nitrites  paralyze  the  vasoconstrictor  mechanism  both  centrally  and  peri- 
pherally. These  experiments,  however,  are  so  complicated  that  they 
ire  open  to  fallacies. 

Vasodilation.— The  paralysis  may  be: 

I.  Central— Stimulation  of  the  peripheral  end  of  the  splanchnic 
nerve  raises  the  blood  pressure ;  asphyxia,  or  central  stimulation  of 
the  sciatic  or  of  the  cardiac  depressor  does  not  alter  the  blood  pres- 
sure. The  paralysis  may  be  direct  (Chloral,  Chloroform)  or  reAex 
(depressor  stimulation,  shock),  or  the  result  of  extreme  asphyxia  or 
anemia.    These  must  be  excluded. 

a.  Peripheral. —  Stimulation  of  the  splanchnic  is  ineffective.  Paral- 
ysis of  the  ganglia  (as  by  nicotin)  is  excluded  by  stimulating  beyond 
them.  If  this  is  still  effective,  the  action  must  be  on  the  endings, 
muscle,  or  capillaries.  If  it  is  on  the  endings,  the  effect  of  suprarenal 
will  be  abolished  or  diminished,  but  barium  will  still  be  effective. 
Paralysis  of  the  endings  is  produced  by  nitrites  (probably),  apocodein, 
large  doses  of  ergot,  etc.  If  the  muscle  is  paralyzed,  even  barium  will 
fail  to  produce   a   rise. 

With  arsenic,  and  some  other  metals,  there  is  a  fall  of  pressure,  of 
vascular  origin,  but  the  vasomotor  mechanism  responds  well  to  direct 
or  reflex  stimulation.  Their  action  is  on  the  capillary- walls.  Capil- 
lary paralysis  is  also  characterized  by  greater  permeability  —  intra- 
venous injection  of  salt-solution  leading  readily  to  muscular  edema 
(Magnus,  iSgg). 

EXERCISE  58.— EFFECTS    OF   ANESTHETICS   ON    BLOOD 
PRESSURE  AND  RESPIRATION. 

Study  in  connection  with  Chapter  XIX. 

This  exercise  has  the  purpose  of  demonstrating  the  ordinary  pheno- 
mena and  accidents  of  anesthesia,  and  their  treatment. 

Special  Materials  Needed.— Dog  (not  morphinized).  Water  l>ath 
with  large  bottles  of  normal  saline  at  40°  C. 

Chloroform  (50  c.  c.)  ;  Adrenalin,  I  :  1,000  (2  c.  c). 

Distribution  of  Work. —  (See  page  790). 

Students  A  and  B  take  place  I;  C  and  D=II;  E  and  F=in 
'(respiratory  tracing  and  rate).  E  and  F  may  also  do  the  anthelmintic 
experiments  (Exercise  56). 
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Obwrvatloas  Required. — 

Date :  Animal :  Age  i 


Abnormalities : 


Record  the  results  in  coin 
parenthesis  refer  to  the  plac 
signed) : 


TtMB.  Drug.  °*'-^« 


<I) 


Stuhgth     m  §  Heart 

™ ^«  Of  SV  R*t«-  Regularity. 

J**"^*^-    SoLimoK.     t%     and  Strength 


Blood  Phessube. 

"o 

wSRate.  Strength,  Trac- 

§1 

11 

III 

1^ 

ing  Number. 

(11) 

(HI) 

(lit) 

Conclusions    from   individual    ex-       Conclusions  from  class-work: 
periment : 


eak,  or  cxiggented.   - 


The  principal  stress  should  be  laid  on  the  blood  pressure  tracitig 
and  the  direct  observation  of  the  respiration.  The  respiratory  tracing 
must  not  be  allowed  to  interfere  with  other  observations. 

Experiments. —  (Arrange  the  apparatus  for  the  blood  pressure  and 
respiratory  tracings  and  the  injection  burette.) 

I.  Preliminary  Observation!. —  Make  a  set  of  observations  on  the 
normal  animal  (which  should  be  quietened  as  much  as  possible), 
(Note  that  the  heart  is  markedly  faster  in  inspiration  than  in  expira- 
tion—  the  blood  pressure  is  also  tjigber  in  inspiration.) 

3.  Ether  Anestiiesla. —  Pour  a  lablespoonful  of  ether  on  a  sponge, 
fold  over  this  a  towel  in  several  layers,  and  apply  it  closely  to  the 
mouth  of  the  dog,  excluding  the  air.' 

Notice  that  there  is  considerable  struggling  at  first ;  the  animal  then 
becomes  quiet,  and  the  legs  drop  limp  if  they  are  lifted ;  the  cornea 
remains  sensitive.  Tie  the  dog  to  the  board.  Insert  the  cannulx  into 
the  trachea,  and  into  the  central  end  of  the  carotid  artery,  and  femoral 
vein  (see  page  807).  Give  ether  by  Woulf's  bottle.  Connect  for  blood 
pressure  and  respiratory  tracings.  Take  normal  tracings  and  a  set  of 
observations :  The  typical  ether  anesthesia  shows  a  slowed  and  shal- 
low respiration  (depression  of  respiratory  center)  :  moderate  fall  of 
blood  pressure  (depression  of  vasomotor  center)  ;  and  quickened  heart 
(depression   of  vagus   center)    with   practically   undiminished   strength 

'  The  »nMiheti«r  should  nol  wilhdraw  his  sttetition  from  hia  work  (hrooah- 
out  the  «p*riinent.  He  should  watch  Ihe  respiration  tni]  hwtt  closely,  and  re- 
move the  inestheiic  with  Ihe  first  sign  of  failure  of  these  funclions.  It  the  rcspi- 
ntiaii  11  rapid,   the  anesthetic  must  be  lessened. 
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of  beats  (Fig.  82C  page  430).    Expose  the  vagus  (see  page  808)  and 
sciatic  (see  page  809). 

(Numbers  z  and  3  may  be  omitted  if  ihey  hqve  been  performed  satis- 
faclorily  in  Ike  physiology  course.) 

3.  Stimulate  the  v«ga*  with  weak  telanizing  shocks,  taking  tracings 
and  observations :  The  heart  is  slowed,  the  pressure  falling  in  conse- 
quence. The  respiration  is  increased.  Strengthen  the  current:  the 
heart  is  arrested,  the  pressure  falling  further.  The  respiration  stops 
in  the  inspiratory  phase.    Let  the  animal  return  to  normal. 

4.  Stimulate  the  Sciatic— The  respiration  is  considerably  in- 
creased, and  the  blood  pressure  rises  (stimulation  of  the  respirator; 
and  vasottiotor  centers). 

5.  Chloroform. —  Take  a  set  of  observations. 
hale  chloroform.  Note  that  the  respiration,  pressi  _  _.  „.  .  . . 
heart  are  diminished  (Fig.  82,  page  430),  whilst  the  heart  rate  is  often 
increased  (depression  of  the  respiratory,  vasomotor  and  vagus  cen- 
ters, and  cardiac  muscle).  Push  the  chloroform  until  the  respiration 
slops :  the  pressure  and  heart  are  low.'  Stimulate  the  central  end  of 
the  sciatic  or  let  the  animal  inhale  some  ammonia.  This  may  revive 
respiration  {reHex  stimulation).  If  it  is  not  effective,  proceed  quickly 
to  the  next  number, 

6.  Perform  arliAcial  respiration.  Note  that  the  blood  pressure  can 
be  altered  at  will  by  changing  the  efficiency  of  the  respiration. 

7.  Reauscitatlon,  Cardiac  Massage. —  Discontinue  the  artificial  res- 
piration, and  administer  chloroform  until  the  heart  stops  (Fig,  St,  page 
429).  Begin  at  once  artificial  respiration,  together  with  cardiac  mas- 
sage, t  e.,  with  strong,  rapid,  rhythmic  compression  of  the  thorax  (rate 
of  at  least  80  per  minute).  This  must  be  done  very  vigorously.  Ob- 
serve on  the  tracing  that  an  artificial  circulation  can  be  kept  up  in 
this  manner.  If  the  animal  does  not  revive  in  two  minutes,  contmue 
the  procedure,  but  inject  al  the  same  time  into  the  vein  I  c.  e.  of 
I  ;  l,0DO  adrenalin  in  50  c.  c.  of  warm  saline.  The  animal  will  probably 
revive,  since  the  suprarenal  raises  the  blood  pressure  by  stimulating 
the  heart  and  the  blood  vessels  (Figs.  62,  page  ^q.  and  64.  page  290). 

8.  Aspfiyxia.—  If  the  animal  survives  withdraw  the  anesthetic 
(using  artiRcial  respiration  as  long  as  necessary)  until  the  anesthesia 
is  but  slight.  Study  the  effects  of  asphyxia  by  tying  the  trachea: 
The  respiration,  especially  the  inspiratory  efforts,  will  first  be  increased 
(dyspnea,  stimulation  of  the  respiratory  center)  ;  then  it  will  be  less- 
ened, with  rare,  gasping,  powerful  respiratory  efforts  (depression  of 
center);  the  blood  pressure  (Fig.  47,  page  151)  will  rise  during  the 
dyspnea  (stimulation  of  vasomotor  center),  and  will  then  fall;  the 
heart  rate  is  greatly  slowed,  with  typical  strong  vagus  beats  (stimula- 
tion of  vagus  center).  During  the  dyspnea,  the  animal  makes  con- 
vulsive movements  and  the  pupils  dilate  (stimulation  of  the  cor- 
responding  centers).     The    pupils    contract    again    when   the   paralysis 

9.  Apnea. — Keep  up  a  brisk  artificial  respiration  for  a  few  minutes. 
Stop  suddenly,  and  observe  that  the  animal  does  not  breathe  for  some 
time,  the  circulation  being  good.  This  apnea  is  due  to  the  fact  that 
there  is  not  enough  COa  in  the  blood  to  stimulate  the  respiratory  cen- 
ter to  its  rhythmic  activity. 

10.  Death  by  Chloroform. —  Kill  the  animal  by  chloroform,  taking 
tracing.    See  that  respiration  stops  before  the  heart. 

'  The  imnifdUlc  cause  of  deith  in  chlDroform  ancithesia  19  uiually  failure  of 


aratyai)  of  (he  cardiac  muscle  (Fig.  Si,  page  419). 
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t  them  up,  and  place  in  lo  c.  c.  of  50% 


Ebccise  the  suprarenals, 
glycerin  for  future  use. 

Excise  the  intestines  and  split  open  and  collect  the  parasites  and  per- 
form Exercise  s6. 

Sumtn^TUf    the   effects  of  asphyxia   and    carbon-mono xid,   Chapter 
XXXl-'JU.  No.  15. 


EXERCISE  59  —  EFFECTS  OF  DRUGS  ON  THE  CIRCULATION 
(VASOMOTOR). 

Special  Mntericls  Needed: 

Morphinized  dog. 

Stephen  Hale's  Manometer  (see  page  815). 
Amyl  Nitrite  (s  c.c);  Adrenalin,  1:1,000  (5  tc);  Ei^ot,  2% 
(25  cc);  Hydrastis,  2%,  filtered  (iS  cc);  Hydrastinin 
hydrochlorid,  Vi<,%  (15  c. e.);  Aconite,  10%  (5  c.c);  Phenol, 
1%  (50  cc);  Sodium  Sulphate,  z%  of  dried  (400  cc); 
Strychnin  salt,  '/.-%  <I0  cc);  '/„%  (10  C  c). 
Dirtributlon  of  Work   (see  page  790) : 

Students  C  and  D  take  place  I;  E  and  P=II;  A  and  B  =  III. 
Observation    of    respiration;     myocardiogram,     oncometer,     or    vein- 
r  (one  of  these  being  assigned  to  each  set). 


Observntloni  Required: 

Date: 


Animal : 

Sex: 


Age: 
Abnormalities : 


Blood  Pbessube. 


P"Kg.  Solution. 


Concltisions  from  class-work: 


The  principal  stress  lies  on  the  blood  pressure  tracInR,  and  the  other 
experiments  must  not  be  permitted  to  interfere  with  this. 

Preliminary  Operation!. —  Arrange  for  carotid  tracing  and  for 
myocardiogram,  vein -pressure,  or  oncometer.  Weigh  the  dog.  Anes- 
thetize.   Insert  cannulx  into  trachea  and  central  end  of  carotid  artery 
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and  feinora.1  vein  (both  veins,  if  the  vein -pressure  is  to  be  taken). 
(Expose  the  kidney,  spleen,  or  intestine  —  if  oncometer  is  to  be  used; 
s«e  page  817.)  Connect  for  tracingrs  and  intravenous  injection.*  Make 
preliminary  observations  and  take  normal  tracings. 

Experiment! — One  of  the  sets  should  make  experiments  i  and  a 
with  the  Stephen  Hale  manometer  (page  815),  then  continue  with 
mercurial  manometer  and  tracings. 

1.  Amyl  Nitrite (Fig.  83,  page  472;  see  Chapter  XXI,) 

Let  the  dog  inhale  a  little  Amyl  Nitrite  through  the  tracheal  can- 
nula. Considerahle  fall  of  blood  pressure  and  increase  of  vein-pres- 
sure and  oncometer  (vasomotor  paralysis)  ;  and  some  quickeningof 
the  pulse  (vagus  depression).  Respiration  usually  increased.  The 
effects  pass  off  rapidly  when  the  administration  is  discontinued.  Other 
nitrites  and  nitroglycerin  produce  similar  effects. 

If  the  vagus  was  depressed  before  the  nitrite  was  given  —  as  de- 
noted by  fast  pulse  —  there  may  not  be  any  further  quickening, 

3.  Suprarenal  (Fig.  62,  page  289;  Chapter  XIII).—  Inject  the  supra- 
renal solution  intravenously  (either  the  solution  prepared  in  Uie  pre- 
ceding experiment  or  adrenalin  ('/i  c.c.  per  Kg.  of  7,™%).  Rise  in 
blood  pressure  and  tall  in  vein-pressure  and  oncometer  (peripheral 
vasoconstriction)  ;  slower  pulse  (vagus  stimulation)  and  stronger 
heart  (stimulation  cardiac  muscle)  ;  respiratioo  usually  increased 
(higher  blood  pressure?).  Cardiac  slowing  often  precedes  the  vaso- 
constriction.    Note  that  the  effects  disappear  rapidly. 

Not  to  be  Done  by  Class, —  The  slowing  disappears  largely  on  divid- 
ing the  vagi  (hence  stimulation  is  central)  ;  the  rise  of  pressure  occurs 
after  section  of  cord  (hence  peripheral)  ;  the  action  disappears  as 
rapidly  if  the  ureters  are  tied  (not  due  to  rapid  excretion)  ;  the  action 
reappears  if  a  further  dose  is  administered  (hence  not  fatigue,  but  de- 
struction of  the  poison). 

The  even  sets  proceed  vnih  No.  3:  the  odd  sets  with  ja  or  3b. 
All  sets  eanlinue  with  No.  4  to  the  end. 

3.  Ergot  (Fig.  90,  page  502;  Chapter  XXIII),— /fi/rovcnonf  injec- 
(WM.— Inject  intravenously  0.04  Gm.  X  Kg.  (2  c.c.  X  Kg.  of  2%) 
fluidextract  of  ergot :  Sudden  and  large  fall  of  blood  pressure,  fol- 
lowed by  prompt  recovery  and  generally  a  slight  and  short  rise  above 
normal. 

During  the  fall,  the  heart  is  weakened  and  quickened,  and  the 
oncometer  is  diminished.  The  fall  is  therefore  due  to  weakening  of 
the  heart.  During  the  rise,  the  heart  is  strengthened ;  the  oncometer 
may  increase  or  remain  stationary.  The  rise  is  consequently  due  to 
strengthening  of  the  heart,  with  some  vasoconstriction. 

During  the  fall  the  heart  is  quickened  and  the  respiration  increased. 
This  is  due  to  the  low  blood  pressure.  The  cardiac  effects  can  be  re- 
produced on  excised  hearts  and  are  therefore  direct  actions. 

The  fall  of  pressure  is  not  seen  when  the  ergot  is  injected  subcu- 
taneously  or  into  the  muscles. 

iA.  Hydrastlt. —  (Therapeutic  dose)  :  Inject  intravenously  0.02 
{^nXKg.  (i  cc.XKg.  of  2%,  filtered).  Short  fall  of  pressure, 
followed  by  persistent  rise.  Both  phenomena  are  in  part  cardiac,  in 
part  vascular.    The  oncometer,  results  are  therefore  variable. 

3b.  Hydra«tlnin.—  (Therapeutic  dose)  :  Inject  intravenously  i  mg. 
X  Kg.  (i  c.  c.  X  Kg.  of  Vio%)  of  the  hydrochlorid:  Rise  of  pressure 
and  increased  strength  of  heart. 

4.  Aconite  (Thcrapentic  Dose).— Inject  into  vein  a  therapeutic  dose 
of  aconite.  0.015  Cm.  per  Kg,  (0,15  c.c.  per  Kg,  of  10%  tincture); 
Slight  slowing  of  the  heart  (stimulation  of  vagus  centers)  or  no  effect. 
Respiration  increased  (stimulation  of  center). 
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The  sets  with  odd  numbers  will  proceed  to  numbers  5  and  6;  those 
with  even  numbers  to  j  and  8.  All  will  remove  the  suprarenals  (g). 
All  accessory  apparatus  should  be  removed,  and  the  animal  board  put 
on  a  separate  table  (so  that  the  convulsions  will  not  jar  the  drum). 

5.  C*rbollc  Acid  (Fig,  78.  page  361;  Chapter  XVII).— Inject  into 
vein  a  loxic  dose  of  Phenol,  50  mg.  per  Kg.  (s  c.  c,  per  Kg.  of  1%)  : 
Collapse :  Pressure  falls  (vasomotor  and  cardiac  paralysis :  beats  fast 
and  small  (cardiac  depression)  ;  respiration  lessened  (depression  of 
center);  convulsive  (stimulation  spinal  cord).  Try  to  observe  effect 
of  convulsions  on  blood  pressure  (rise).  When  the  pressure  has 
fallen  low  (repeating  ^  the  dose  in  10  minutes  if  necessary)  inject 
quickly  into  vein. 

6.  Sodium  Suipliate,  50  c.c.  per  Kg.  of  2%  (dried).— The  functions 
may  return  rapidly  to  normal  (stimulation). 

7.  Strychnin  (Fig.  46,  page  149;  Chapter  VIII). —  Inject  hypoder- 
mically  the  therapeutic  dose  of  strychnin  sulphate,  0.07  mg.  per  Kg. 
(0.7  c.c.  of  Vwo%)  :  some  increase  of  respiration  (central  stimulation) 
(Fig.  46,  D)  ;  circulation  little  changed. 

8.  Inject  hypodermically  the  tetanic  dose  of  strychnin  sulphate,  0.25 
mg.  per  Kg.  {%  c.c  per  Kg.  of  Vio%).  If  no  tetanus  occurs  in  IS 
minutes  repeat  one-half  this  dose.  (The  dose  which  is  advised  is 
tetanic  in  normal  dogs,  but  the  effect  may  be  diminished  by  the  anes- 
thesia.) Before  the  onset  of  the  tetanus,  the  respiration  is  increased, 
but  the  circulation  is  little  altered.  With  the  sudden  onset  of  the 
tetanus,  the  pressure  rises  abruptly  (central  vasomotor  stimulation), 
and  then  falls  with  the  cessation  of  the  spasm,  tp  a  point  considerably 
below  normal  (central  vasomotor  depression)  :  the  heart  is  quick  dur- 
ing the  spasm  (inhibition  of  vagus)  ;  slow  and  strong  after  (vagtis 
stimulation).  The  respiration  is  rapid  during  the  tetanus,  depressed 
in  the  intervals.  .  Note  that  the  spasms  can  he  brought  on  by  jarring 
the  table,  or  by  blowing  on  the  animal.  The  spasms  become  suc- 
cessively weaker,  and  the  blood  pressure  does  not  rise  so  high  (depres- 
sion of  the  convulsive  and  vasomotor  centers).  The  heart  remains 
rapid  (depression  of  vagus  center)  but  strong.  The  respiration  ceases 
(paralysis  of  the  center),  and  the  pressure  falls.  Begin  artificial  res- 
piration at  once ;  the  animal  can  be  kept  alive  almost  indefinitely.  The 
heart  and  respiration  remain  fairly  good.  Note  that  the  pressure  varies 
with  the  efficiency  of  the  artificial  respiration.  Let  the  animal  die. 
Note  the  early  onset  of  rigor  (due  to  tetanus). 

9.  If  the  anthelmintics  were  unsatisfactory  in  the  preceding  experi- 
ment, they  may  be  repeated.  Excise  the  suprarenals,  cut  them  up,  and 
extract  with  10  c.  c,  of  50%  glycerin,  for  future  experiments. 

Summarise  the  effects  of  ergot  and  phenol  in  Chapter  XXXVIII, 
Nos.  16  and  17;  hydrastis  and  hydrastintn,  Nos.  17a  and  b. 

EXERCISE  60.— CHANGES   IN   RESPIRATION    (INTRO- 
DUCTORY). 
I.  Stimuldtion  of  the  Respiratory  Center  may  be  due  to: 
(A)  Insufficient  Oxidation  of  the  Blood: 

I.  Through  mechanlcsi  hindrance:  The  volume  of  air  does  not 
correspond  to  the  violence  of  the  effort.    The  obstruction  may  be  by : 

(a)  Mucus:  Rales, 
(Pilocarpin.) 

(b)  Constriction  of  the  bronchial  muscles.  The  latter  may  be  direct 
or  reHex.  Reflex  stimulation  would  be  abolished  by  section  of  the 
vagi. 
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a.  Through  changes  in  the  clrcaUtion:  inefficient  work  of  the  heart 

or  vasodilatation. 

(Cardiac  depressants.) 

3.  Through  chemic  changea; 

(a)  In  the  blood   (as  Methemoglobin  formation,  cyanids,  etc). 

(t)   Increased  tissue  waste:   Increased  COi  and   N  excretion. 

(Hyperpyrexia.) 

(B)  Reflexly  from  Pain  or  Convnidona. 
(Strychnin.) 

(C)  Direct  Stimulation  by  the  drug:  shown  by  exclusion  of  the  - 
above.     The  respiratory  reflexes  are  unusually  active. 

(Strychnin,  Caffein,  Ammonia.) 
II.  Dlmlnlfhed  Respiration  may  be  from; 

tA)   Paralysia  ol  the   Muscle*  or   Endlnxi:    Stimulation  of  the 
muscle  or  of  the  phrenies  not  effectual. 
(Curare.) 

(B)  Apnea:  disappears  in  a  short  time. 
(C>  Paralysis  of  the  Center: 

/.  Through  Anemia:    Disappears  if  the  aorta  is  clamped. 
(Nitrites.) 

2.  Direct:  Through  exclusion.  The  paralysis  may  be  primary 
(Ether),  or  it  may  be  secondary  to  asphyxia;  i.  e.,  preceded  by  dyspnea 
(CO). 

3.  ReHexty:     Irritant  vapors. 
(Ammonia.) 

EXERCISE  61.— EFFECTS  OF  DRUGS  ON  RESPIRATION. 

Special  Materials  Needed: 

Rabbit. 

Feeding'-tube  and  bulb;  pneumograph  (gas  meter). 
Ureihane,  20%    (10  c.c);   Ammonia   water    (5  c.c);   Caffein 
1%   (10  c  c.) ;  Heroin  hydrochlorid,  '/■•%   (5  c.  c.)  ;  Morphin 
salt,  1%   (s  C.C.);  Atropin  sulphate,  1%    (5  c.c);  Strychnin 
sah,  Vm%  (10  C.C.);  '/,.%  (20C.C.). 
Distribution  of  Work   (see  page   790): 

Students  E  and  F^place  I;  A  and  B ^ respiratory  tracing;  C  and 
D  =  place  III. 

The  different  sets  may  employ  different  recording  methods;  but  it  is 
essential  that  the  trachea  is  left  intact  for  No.  a;  while  No.  9  should 
be  taken  from  the  tracheal  cannula. 

One  of  the  sets  may  take  pneumograms  from  a  non-anesthetized 
rabbit  (see  page  000),  using  drug  Nos.  2  to  7. 

Another  set  may  measure  the  volume  of  the  expired  air  with  a 
gas-meter,  instead  of  taking  tracings.  The  animal  is  anesthetized,  and 
the  tracheal  cannula  connected  with  the  meter,  interposing  a  valve  to 
separate  the  inspired  and  expired  air.  A  reading  should  be  taken 
every  five  minutes.  The  drugs  3,  5,  6,  and  7  may  be  used  in  suc- 
cessioa 
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ObMTvations  Required: 

Date :                       Animal :  Age : 

Weight :                       Sex :  Abnormalities : 

n-,-  Strength     j-o 

Time.          Drvo.           ^."^^^  of          |S 

P*"^*^-  Solution.     S-| 


Respiration. 

Rate,   Strength.  Trac.  No. 

(ID 


!  from  class~work: 


Pulse  and  pupils  when  asked  for.  If  the  respiration  stops,  note 
whether  this  is  in  the  inspiratory  or  expiratory  phase. 

Preliminary  Operations. —  Arrange  for  respiratory  tracing.  Weisli 
the  animal.  Administer  0.75  Gm.  of  ureihane  (3.5  c,  c.  of  20%)  per 
Kg.  by  rectum  (See  page  804).  Complete  anesthesia  in  fifteen  min- 
utes by  ether,  if  absolutely  necessary.  Expose  sciatic  and  vagus  (see 
page  809).  The  sciatic  is  only  needed  if  No.  i  is  to  be  done.  Con> 
nect  for  respiratory  tracing.     Take  normal  rate  and  tracing. 

Experiments.—'  i.  Take  preliminary  tracinjj.  Slimutate  the  vagus 
and  the  sciatic '  with  weak  and  strong  telaniimg  shocks,  taking  trac- 
ings and  observing  whether  the  heart  is  markedly  slowed.  (Compare 
page  913.) 

a.  Ammonia  Inlialation.—  (Chapter  XXVIII).— Let  the  animal  in- 
hale ammonia.  Notice  respiratory  standstill  and  stoppage  of  the  heart 
(reflex  stimulation  of  vagus  center  by  irritation  of  the  trigeminal 
endings).  If  the  animal  is  not  too  deeply  anesthetized,  it  will  partly 
recover  and  struggle.  On  removing  the  ammonia  the  respiration  is 
increased   (dyspnea)   and  the  heart  resumes.     Perform  tracheotomy. 

The  even  sets  vMU  do  Experiments  3  and  4.  the  odd  sets  5  and  6. 
All  sets  will  proceed  with  Experiment  7  to  the  end. 

3.  Caffdn  (Figs.  48,  page  163,  and  50,  page  165:  Chapter  VIII). — 
Inject  hypodermically  30  mg.  per  Kg.  of  Caffein  (3  c.  c.  per  Kg.  of 
1%) :  The  respiration  increases  and  the  animal  may  come  partly  out 
of  the  anesthetic  (stimulation  of  the  respiratory  and  other  centers). 

4.  Heroin  (Chapter  IX). —  Inject  hypodermically  0.5  mg.  oer  Kg. 
of   Heroin    hydrochlorid    (0.5    c.  c.   per   Kg.   of   '/io%   solution).     The 


baa  been  perfonned  latisfactorUr  ia 
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EX.   6l  :   RESPIRATION. 


slow  and  shallow    (depression  of  respiratory  centers). 

6.  Atropln  (Fig.  ssC  page  230;  Chapter  XI).— Note  the  pupils. 
See  that  stimulation  of  vagus  slows  the  heart.  Inject  hypodermic  ally 
S  mg.  per  Kg.  of  Atropir  sulphate  (^  c.  c.  per  Kg.  of  1%).  Rate 
and  strength  of  respiration  increased  (stimulation  of  respiratory  center 
—  antagonism  to  morphin).  The  pupil  dilates  (paralysis  of  oculomotor 
endings).  Stimulate  the  vagus;  The  heart  is  not  slowed  (paralysis 
of  the  vagus  endings). 

7.  .Strychnin  (Fig.  46D,  page  149;  Chapter  VIII).— Inject  hypo- 
dermically  0.2  mg,  per  Kg.  of  itrychnin  sulphate  ^ — therapeutic  dose 
(2  c.  c.  per  Kg.  of  '/iiio%)  ;  Increased  respiration  (stimulation  of 
respiratory  center).  Reflexes  increased  (increased  excitability  of  spinal 
cord). 

8.  Convnisive  and  Tetanic  Dosei  of  Sttychnln. — (Take  respira- 
tory tracing  from  the  trachea.)  After  ten  minutes  inject  0.5  mg.  per 
Kg.  of  strychnin  {{^  c.  c.  per  Kg.  of  Vi.%),  and  repeat  every  five 
minutes  until  death.  In  the  convulsive  stage  (1.  e.,  before  the  teianus 
is  complete)  the  respiration  is  markedly  increased.  It  is  fixed  during 
the  tetanus,  depressed  between  the  spasms.  It  stops  before  the  heart. 
Notice  the  asphyxial  dilatation  of  the  pupils. 

In  non -anesthetized  rabbits,  the  convulsive  dose  of  strychnin  is  0.3 
mg.  per  Kg.;  the  tetanic  dose,  0.4  mg. ;  the  just  fatal  dose,  o.S7  mg, 
per  Kg.  A  much  larger  quantity  is  required  after  urethane  (how 
many  times  larger,  in  your  experience?). 

9.  Notice  the  early  onset  of  the  rigor  mortis.  Excise  the  supra- 
renals,  cut  them  up,  and  place  in  10  c.  c.  of  50%  glycerin. 

Summarise  the  effects  of  Ammonia  and  Morphin  in  Chapter 
XXXVIII.  Nos.  18  and  19. 


EXERCISE    62.— CIRCULATION    AND    RESPIRATION 
(DIGITALIS) 

Special  Materials  Needed: 

Morphini^ed  dog ;  water  bath. 

Warm  Normal  Saline   (400  c.  c);  Ammonium  Chlorid,   1%   (200 
e, c);   Litmus   paper;   Digitalis,   fresh  4%   infusion    (50  c. c); 
Strophanthus,  V«%  (50C.C.);  Caffem,  1%  (10  c.c). 
DUtrlbutlon  of  Work   (sec  page  790). 

Students  A  and  B  =  plaee  I;  C  and  D  =  II;  E  and  F=III:  respi- 
ratory tracing  or  oncometer  in  Nos.  I       ""  ""  ""*  "   "" 
*n  3  and  4. 
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Observatloiu  Required: 

Date:                       Animal:  Agt: 

Weight :                       Sex :  Abnormalities : 

^  Blood  Pressure. 

iv,,_     Strength      j-J  «              „  j- 

Time.     Drug.          i^|?           o?            Uz  £    .  S  .;  ,       ^  V 


(I) 


SE  ft.a.tt:>-S  f-Z 
(11)        ■ 


T>,t-  w^l^?!,-;^.       E  Respiration. 

Trac^No^'        ^  Rate.  Strength, 

and  Strengtft.         §  Trac.  No. 


;  from  dass-work: 


The  main  stress  should  be  laid  on  the  blood -pressure  tracing. 

Preliminary  Operation*. —  Arrange  for  blood  pressure  and  myocar- 
diac  tracing,  also  respiratory  tracing  or  oncometer.  Weigh  and  anes- 
thetize the  animal.  Insert  cannulx  into  the  trachea,  carotid  artery, 
and  femoral  vein  (central  end).  (Expose  kidney,  spleen,  or  intestine 
for  oncometer,  if  desired;  small  incision).  Connect  for  tracings.  Take 
normal  observations  and  tracings. 

Experiment*. —  i.  Sailne  Injectioo.— B/ooiJ  pressure  (Respiration 
or  oncometer).— (Chapter  XXIV.)— Take  a  normal  tracing.  Inject  in- 
travenously 25  c.  e.  per  Kg.  of  warm  Normal  Saline.  Rise  of  blood 
pressure,  stronger  and  usually  slower  heart,  increased  oncometer  and 
respiration.  The  effect  is  usualljr  short,  and  may  be  small,  especially 
if  the  animal  is  in  good  condition.  (Stimulation  of  the  medullary 
centers  and  cardiac  muscle  by  the  increased  quantity  of  blood,  and  by 
salt  action.)  Exceptiotally,  the  results  may  resemble  those  of  ergot. 
Exercise  SO'  No.  3, 

a.  Ammonium  Cblorid. — Blood  pressure  (Respiration  or  oncom- 
eter).—(Fig.  Q2,  page  559:  Chapter  XXV.)  — Inject  intravenously 
o.is  Gm.  per  Kg.  of  Ammonium  chlorid  (15  c.  e.  per  Kg.  of  1%)  : 
Rate  and  force  of  respiration  increased,  blood  pressure  rises;  heart 


.    (stimulation  of  medullary   centers).    Respiratory 
increased    (heightened   excitability   of  vagus  center).     Hold   moist   red 
litmus  paper  over  respiration  tube;  it  is  not  blued   (anunonia  is  not 
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EX.  62;  BLOOD  PRESSURE  AND  RESPIKATION,  92I 

excreted  by  lungs).    The  ammonia  effect  is  quite  short  (rapid  elim- 
ination and  destruction). 

Connect   for  myocardiogram   (page  559)- 

Most  of  the  sets  do  Experiments  3  and  5 ;  a  few  do  4  and  5. 

3.  DlgiUtlt^ Blood  pressure  (Myoeardiogram)'  (Figs.  85  and  86. 
pages  4&1  and  481,  Chapter  XXII.)— When  the  conditions  have  retnrned 
to  normal,  inject  intravenously  0.04  Gm.  per  Kg.  of  digitalis  (i  c.c. 
per  Kg.  of  fresh  4%  infusion).  Therapeutic  stage  of  digitalis  action: 
Heart  slowed,  beats  stronger  (stimulation  of  cardiac  muscle  and 
vagus)  ;  blood  pressure  high  (cardiac  effect  and  vasomotor  stimula- 
tion; respiration  increased  (stimulation  of  center)  (Fig.  85,  b,  and  c; 
Fig.  86,  b).  When  this  action  has  been  observed  (waiting  20  minutes 
if  necessary),  repeat  the  injection  every  fifteen  minutes  until  death; 
Toxic  stage  of  Digitalis.  The  effects  of  toxic  doses  of  digitalis  on 
the  circulation  (Fig.  8s,  d,  and  Fig.  86)  are  extremely  irregular,  and 
may  vary  from  moment  to  moment.  The  rate  is  generally  increased, 
but  may  be  slowed  at  times.  The  irregularities  usually  occur  in 
groups  (see  the  figures) ;  these  are  partly  due  to  the  influence  of 
respiration  (the  reflex  excitability  of  the  vagus  bein^  heightened), 
partly  to  arhythmia  of  the  auricles  and  ventricles.  The  effects  are 
based  on  an  increased  excitability  of  the  cardiac  muscle  with  systolic 
tendency  (consult  Exercise  48),  and  on  irregular  activity  of  the  vagus. 
Death  occurs  suddenly,  sometimes  by  vagus  stimulation,  as  in  Pig.  85, 
but  more  commonly  by  delirium  cordis,  the  result  of  over-stimula- 
tion of  the  heart.  The  blood  pressure  may  remain  high  until  the  end, 
or  it  may  fall,  according  to  the  output  of  the  heart  and  the  per- 
sistence of  the  vasoconstriction. 

4.  Strophanthus. —  Blood  pressure  (Myoeardiogram). —  Tht  effects 
correspond  to  those  of  digitalis  (3),  except  that  the  vasoconstriction  is 
relatively  less  prominent.  Inject  0,0015  Gm-  per  Kg.  (1.5  c.c.  per  Kg. 
of  I  ;  1,000)   and  repeat  as  with   digitalis, 

5.  Cnflein  Rigor  (Chapter  VIII),— Inject  locc.  of  1%  caffein  into 
the  peripheral  end  of  the  femoral  artery.  Observe  that  this  leg  goes 
into  rigor  before  the  other  (drug  rigor). 

Excise  the  suprarenals  and  place  in  10  c.  c.  of  50%  glycerin. 
•Summarite  the  effects  of  Ammonium  Chlorid  in  Chapter  XXXVUI, 
No.  so. 

EXERCISE  63  — EFFECTS  OF  DRUGS  ON  HEART  AND 
BLOOD  PRESSURE. 
Review  Exercise  48. 
Special  Material!  Needed: 

Morphinized  dog. 

Sodium  chlorid.  1%  (50  c.c);  Magnesium  sulphate,  3.6%  of  the 
salt  dried  at  110°  C,  (50  c.c);  !^%  of  Curare  (20  c,  c)  ; 
Strychnin  salt,  Vim%  (5  cc);  Caffein  salt,  1%  (25  cc); 
Potassium  Chlorid,  1%  (?»  c,  c.)  ;  Adrenalin,  '/»,%  (2  cc); 
Aconite,  10%  (50  c,  c)  ;  Veratrin  1%  (25  c,  c). 
Distribution  of  Work  (see  page  790)  : 

Students  C  and  D^place  1;  E  and  F^ll.  absorption,  stimulation; 
A  and   B^III    (myoeardiogram,  observation  of   respiration), 

'  Um  a  vtry  slow  drum  for  tbe  blood  pressure,  and  1  more  rapid  speed  tor  tbe 
myocardiDgiam. 
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Obaervatloas  Required: 

Date :  Animal : 


Age: 
Abnormalities : 


Time.          Drug. 

Dose    Steekot, 
''"'=8-  SOIOT10». 

11 

Heart 

Rate,  Regularity. 

Trac  No.. 

and  Strength. 

(HI) 

(I) 

Blood  Pressube 
(ID 

d            Respiration 
S          Rate,  Strenph 
g              Trie.  No. 

Remarks. 

(III) 

!  from  class-work  r 


The  main  stress  should  be  laid  on  the  myocardiogratn.  The  blood 
pressure  tracing  should  be  taken  with  a  very  slow  speed ;  the  myocar- 
diocram  somewhat  faster. 

Preliminary  0|>erntlon*. — Arrange  for  myocardiogram  and  blood 
pressure  tracing.  Weigh  and  aneslheti?.e  the  animal.  Insert  cannulae 
into  trachea  and  central  end  of  carotid,  and  femoral  vein.  Connect 
for  intravenous  injection. 

Experimenta. —  I.  AbBorption  of  Sodium  Chlorld  and  Magn^ 
■Inm  Sulphate  (Chapter  XXIV).— Make  a  2-inch  incision  in  iinea 
alba,  draw  out  a  loop  of  intestine,  and  ligature  it  in  two  places,  about 
25  cm.  apart.  Make  an  opening  just  inside  one  of  the  ligatures. 
Strip  the  piece  of  intestine  of  its  contents,  insert  the  end  of  a  funnel 
into  the  opening,  and  allow  a  measured  quantity  of  MgSOi  solution 
(3.6%  of  the  salt  dried  at  iiO°  C.)  to  flow  in.  Withdraw  the  funnel 
and  tie  off  the  opened  portion.  Replace  the  loop  of  intestine  and 
draw  forth  another  loop;  treat  this  loop  also,  using  i%  NaCI  in- 
stead of  MgSO.,  and  sew  up  the  wound.  The  NaCl  and  MgSO.  solu- 
tions have  the  same  freezing  point.  Leave  until  all  the  other  experi- 
ments are  finished,  then  proceed  by  No.  g. 

Connect  for  blood  pressure  tracing  and  take  normal  observations 
and  tracing. 

a.  CuT^re.— Motor  Excitability.  Blood  Pressure. ~{¥\%.  sS.  page 
256,  Chapter  XII.)— Take  normal  tracing.  Inject  into  femoral  vein 
I  c.  c.  per  ¥ig.  of  !^%  Curare  every  ten  minutes  until  the  respiration 
becomes  very  weak  (depression  of  nerve  endings  in  striped  muscle). 
Counterirritation  (whipping  with  towel  wetted  with  cold  water)  or 
stimulation  of  sciatic  still  causes  feeble  respiratory  efforts;  sciatic 
stimulation  also  causes  weak  contraction  of  leg  (the  excitability  would 
disappear  completely  if  larger  doses  of  curare  were  used). 
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EX.   63  :    MYOCARDIOGRAMS. 

The  effects  on  the  circulation  are 

Start    artjfickl    respiration    and    1 
818).    Take  normal  (racings. 

The  odd  sets  proceed  with  3,  4,  and  7,  ihe  even  iets  with  5,  6,  and 
8.    All  stts  do  9. 

3.  Strychnin  (Therapeutic  Dose) , —  Myocardiogram,  Blood  pres- 
snre  (Chapter  VIll). —  Inject  3  therapeutic  dose  of  strychnin  (0.04 
mg.  per  Kg.)  into  the  vein  (0,4  c.  c.  per  Kg.  of  '/,„%):  No  effect 
(fterapeutic  doses  of  strychnin  do  not  stimulate  the  heart), 

4.  Calfeln. —  Myocardiogram,  Blood  pressure  (Fig,  50,  page  165; 
Chapter  VIII). —  In  five  minutes  inject  into  the  vein  a  therapeutic  dose 
of  caftein  (20  mg,  per  K^.,  2  c.  c.  per  Kg.  of  1%)  :  Increase  in 
strength  and  rale   (stimulation  of  myocardium). 

5.  Potaistum  Chlorid.—  Myocardiogram.  Blood  pressure  (Fig.  91, 
page  SS7;  Chapter  XXV).— Inject  i  c.c.  per  Kg.  of  1%  KCl  intra- 
venously every  ten  minutes  t  the  heart  will  be  somewhat  weakened, 
slowed,  and  irregular  (the  pressure  falling)  and  will  stop  rather  sud- 
denly. (Paralysis  of  cardiac  muscle.)  (Magnesium  produces  similar 
effects.) 

6.  Suprarenal. —  Myocardiogram.  Blood  pressure  (Chapter  XIII).— 
inject  at  once  some  suprarenal  intravenously  (i  c.c.  per  Kg.  of  ex- 
tract or  aa  c,  c.  per  Kg.  of  1  :  r.ooo  adrenahn.  each  in  25  c,  c,  of  warm 
normal  saline)  :  the  heart  recovers  and  beats  with  strong  slow  beats 
(stimulation  of  vagus  and  myocardium). 

7.  Aconite  (Fatal  Dose), —  Myocardiogram,  Blood  pressure  (Fig. 
66,  p^e  318;  Chapter  XV). —  Inject  intravenously  a  fatal  dose  of 
Aconite  (o.i  Gm.  per  Kg.,  1  c.c.  per  Kg  of  10%)  :  The  heart  is  first 
slowed  and  strengthened  (stimulation  of  vagus  and  myocardium)  ; 
then  weak  and  rapid  (paralysis  of  vagus)  ;  then  very  irregular  (over- 
Stimulation  of  myocardium)  ;  goes  into  delirium  cordis  and  stops.  The 
action  may  require  half  an  hour. 

8.  Veratrin. —  Myocardiogram,  Blood  pressure  (Chapter  XV). — 
Inject  10  mg.  per  Kg.  (1  c.c.  per  Kg.  of  1%)  :  (Effects  similar  to 
aconite  (No,  7)  and  to  digitalis  (Exercise  62,  No.  3). 

9.  Open  the  abdomen,  find  the  ligated  intestines,  and  measure  their 
contents :  The  MgSO.  has  not  diminished  as  much  as  the  NaCI.  be- 
cause the  former  salt  is  not  readily  absorbed,  and  retains  water  by 
salt  action. 

Excise  the  suprarenals,  cut  them  up,  and  preserve  in  10  c.  c,  of  50% 
glycerin. 

Summarize  the  effects  of  Aconite,  Veratrin.  Curare,  and  Magnesium, 
in  Chapter  XXX  VI II,  Nos.  ii,  iz,  s6,  and  26a. 

EXERCISE  64.— EFFECTS  OF  DRUGS  ON  THE  KIDNEY 
(INTRODUCTORY). 

The  physiology  and  pharmacology  of  the  kidneys  differ  conspicu- 
ously from  that  of  the  typical  glands,  such  as  the  salivary ;  The 
kidney  is  not  markedly  affected  by  the  usual  glandular  stimulants 
and  depressants,  such  as  pilocarpin  and  atropin.  It  functionates  quite 
well  when  the  nervous  connections  are  divided.  Its  activity  is  most 
intimatel^f  connected  with  the  state  of  the  circulation.  It  will  be  seen 
in  Exercise  69  that  the  quantity  of  urine  is  influenced  mainly  by  the 
filtration  pressure,  1.  e.,  the  difference  between  the  pressure  in  the 
glomerular  capillaries  and  in  Bowman's  capsule.  This  is  determined 
by  the  systemic  circulation,  by  the  state  of  the  vessels  within  the  kid- 
ney, and  by  the  viscidity  of  the  bfood.  There  is  evidence  that  the 
kidneys  possess  an  active  vasodilator  as  well  as  a  constrictor  mechan- 
ism.   The  composition  of  the  urine  cannot  be  explained  by  a  simple 
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filtration  theory.  It  necessitates  the  acceptance  of  unexplained  forces. 
The  changes  occur  by   reabsorpfion,  and  also  by  secretion. 

The  mechanism  of  urine -secretion  may  be  explained  by  several  alter- 
native theories,  none  of  which  is  positively  established  to  the  definite 
exclusion  of  the  others.  The  following  working  theory  furnishes  the 
most  simple  explanation  of  the  phenomena :  A  physical  filtration  of 
urine  occurs  in  the  glomeruli.  The  filtrate  probably  corresponds  lo 
a  proteid-free  plasma.  The  quantity  of  the  filtrate  depends  mainly  on 
the  filtration  pressure. 

During   the  passage   of    the  glomerular   fluid   through  the  urinary 


tubules,  a  series  of  changes  occur,  by  the  operation  of  powerful  forces 
which  cannot  yet  be  explained  on  a  physical  basis.  These  cause  the 
reabsorption  of  certain  constituents  and  the  secretion  of  others.  The 
extent  of  these  changes  is  indicated  by  the  departure  of  the  composi- 
tion of  the  final  urine  from  that  of  the  proteid-free  blood  plasma. 
It  varies  inversely  to  the  rate  of  urine  flow  (a  more  rapid  flow  leav- 
ing less  time  for  these  changes).  It  is  also  influenced  by  the  com- 
position of  the   blood,  but   in   a   manner  which   is  not  fully   under- 

The  absorption   involves  mainly  the  ' 
extent  the  sulphates  and  phosphates;  ui 

The   secretion  bears   on   the   uric   acid,   certain   pigments,   and   prob- 
ably  a    variable   proportion    of   the    urea    and    of   other    urinary   con- 


Diuretics   (drugs  which  increase  the  urine  flow)   may  be  grouped 

into  the  following  classes: 

Digltalia. —  Acts  by  increasing  the  filtration  pressure,  through  in- 
creased output  of  the  heart,  with  stronger  pulse-pressure ;  through 
lessened  venous  pressure;  through  the  absorption  of  effusions,  pro- 
ducing hydremic  plethora.  The  diuretic  tendency  is  counteracted  by 
constriction  of  the  renal  arterioles.  It  is  therefore  but  little  diuretic 
in  health,  but  strongly  so  in  cardiac  disease,  where  the  conditions  for 
its  favorable  action  are  present 

Irritant  DIuretlci. — Volatile  oils,  calomel,  alcohol,  eb;. ;  probably 
some  of  the  salts,  acids,  and  alkalies:  Small  doses  increase  the  vas- 
cularity and  thereby  the  filtration  pressure.  It  is  possible  that  they 
also  stimulate  the  secreting  cells.  Larger  doses  cause  stasis  and 
injury  to  the  cells,  and  consequently  lessened  output  of  urine,  with 
albuminuria,  casts,  and  eventually  anuria.     Consult  Exercise  33. 

Irritant  diuretics  should  not  be  used  in  nephritis. 

Saline  Diuretics,  including  all  substances  which  act  by  salt-action 
(water,  non-toxic  salt  solutions,  glucose,  urea,  etc.).— These  produce 
"hydremic  plethora."  i.  e.,  they  dilute  the  blood.  This  increases  the 
filtration  pressure  by  increasing  the  total  quantity  of  fluid;  by  lessen- 
ing the  viscidity  and  therebj-  reducing  friction  in  the  arterioles  and 
capillaries;  the  lessened  viscidity  also  reduces  the  filtration  resistance. 
Stronger  solutions  further  increase  the  filtration  pressure  by  osmotic 
shrinkage  of  the  renal  cells.  '  It  is  possible  that  some  of  these  sub- 
stances also  stimulate  the  secreting  cells  or  depress  the  reabsorption. 

Stimulant  Diuretics  [CafTein,  Theobromin,  Theophyllin  (Theo- 
cin).]  — These  act  directly  on  the  kidney.  They  cause  some  dilation 
of  the  vessels,  probably  by  shrinking  the  cells,  and  thereby  increase 
the  filtration  pressure;  but  this  is  not  the  essential  cause  of  the 
diuresis.  This  is  thought  by  some  to  consist  in  a  depression  of  the 
reabsorbing  function;  but  it  is  more  likely  that  they  act  by  stimulat- 
ing the  secretory  cells. 

[Drugs  which  constrict  the  vessels  ('suprarenal,  barium,  etc)  lessen 
the  output  of  urine,  the  resistance  in  the  afferent  arterioles  being  in- 
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creased  more  than  the  general  blood  pressure.  The  effect  of  vaso- 
dilators is  variable,  according  to  whether  they  act  more  powerfully  on 
the  systemic  or  on  the  local  vessels.  In  excised  kidneys,  vasocon- 
strictor drugs  always  lessen  the  urine  flow,  whilst  vasodilators  (cyan- 
ids)   increase  it.l 

Consult  Exercises  68  to  72. 


EXERCISE  65.— EXPERIMENTS  ON   DIURESIS    (INTACT 

KIDNEYS). 
Read   Exercise  64. 
Speciftl  Materials  Needed: 

Morphinized  dog. 

Two  ureter  canniilEc.  Water  bath  at  40°  C.  Large  porcelain 
capsule:  glass  rods;  large  funnel,  muslin  strainer,  and  beaker. 
Warm  Sodium  sulphate,  2.5%  of  dried  crystals  (250  c.  c.) ; 
Silver  nitrate  solution;  HNO>;  Diuretin,  Agurin,  or  Theocin, 
5%  (10  c.  c.) ;  warm  normal  saline  (250  c.  c.)  ;  Barium  chlorid, 
1%  (20C.C.);  Chloroform  (loc.c). 
Distribution  of  Work    (see  page  790)  : 

Students  E  and  F  take  place  I  (also  oncometer,  if  desired)  ;  A  and 
B^II;  C  and  D  =  I1I  (ureter  flow;  observation  of  respiration). 


Observation!  Reqalred: 

Dale: 

Weight ; 


Age: 

Abnormaliti 


TiUB.      Drug. 


Blood  Pressure 


Heart 

Rate,  Regularity, 

and  Strength. 


■CO  c  S 

DE         ox 

(III)  (II) 


The  main  stress  should  be  laid  on  the  urine  flow.  The  oncometer 
observations  are  optional. 

Preliminary  Operations.—  Arrange  tor  blood  pressure  trying. 
Weigh  and  anesthetize  the  animal.  Insert  cannula  into  the  tracheal 
and  central  end  of  carotid,  and  femoral  vein.    Connect  for  blood  pres- 
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sure  and  injection.  Expose  the  kidneys  (page  8io).  Tie  cannula 
into  ureters,  and  place  them  so  (hat  they  will  not  be  kinked.  If 
oncomeier  readings  are  to  be  made,  reach  one  of  the  kidneys  by  a 
lateral  incision  (page  8io)  and  connect  Sew  up  the  wounds.  Count 
the  rate  of  drops  from  each  ureter,  and  take  normal  tracing. 

Experiment!.— I.  Saline  DluTealm.— Urine-Aow.  Blood  pressure 
(Chapters  XXIV  and  XXV).— Inject  intravenously  25  e.e.  per  Kg. 
of  warm  sodium  sulphate  (2.5%  of  dried  or  5%  of  crystals).  Collect 
the  urine  after  a  few  minutes :  The  urine  flow  is  promptly  increased, 
and  remains  high  for  a  considerable  time  (dilution  of  blood,  lessened 
viscidity,  increased  quantity;  of  blood  in  vessels,  "hydremic  pleth- 
ora"). Note  that  the  carotid  pressure  is  not  increased  sufficiently  to 
account  for  the  diuresis.  The  circulatory  and  respiratory  effects  are 
identical  with  Exercise  62,  No.  I.  The  volume  of  the  kidney  in- 
Some  animals  do  not  show  any  diuresis,  especially  if  the  kidneys 
have  been  injured.  Should  this  be  the  case,  the  ureter  observations 
may  be  abandoned,  and  replaced  by  myocardiogram,  oncometer,  or 
respiratory  tracings. 

Test  the  urine  for  chlorids  (HNO.  +  AgNOi),  comparing  it  with 
the  original  bladder-urine.  The  chlorid  has  almost  disappeared  (due 
to  dilution  of  the  plasma;  the  chlorid  could  be  made  to  reappear  by 
the  injection  of  sodium  nitrate,  iodid,  bromid,  or  sulfocyanid.  These 
act  probably  by   liberating  the  "  combined  " 

The   hypodermic  or  intravenous   injection 
or  the  drmking  of  water  increase  the  diure 
the  sulphate   solution.    The  latter  would   not  be  diuretic   by  mouth, 
as  it  is  but  imperfectly  absorbed. 

Diuretic  (acton. —  In  exact  experiments,  the  urine  flow  is  referred 
to  the  weight  of  the  animal,  v.  Schroeder  selects  the  surplus  excretion 
per  100  Gm.  of  animal,  calculated  usually  for  one  hour.  Sollmann's 
factor  relates  to  the  maximal  rate  of  secretion,  being  the  maximum 
number  of  cubic  centimeters  of  urine  secreted  in  40  consecutive  minutes, 
per  kilo  of  animal. 

a,  Theobromln. —  Ureter-How,  Blood  pressure. —  When  the  diuresis 
begins  to  decline  inject  hypodermically  50  mg,  per  Kg,  of  Theobromin 
salt'  (i  c.c.  per  Kg.  of  5%  solution).  The  urine  flow  increases 
(stimulation  of  renal  epithelium).  Note  that  the  changes  in  the  caro- 
tid pressure  do  not  suffice  to  explain  the  diuresis. 

The  effects  on  the  circulation  are  identical  with  those  of  cafFein 
(Exercise  63,  No.  4).    The  volume  of  the  kidney  increases. 

3.  Hetnorrhage. —  Ureter-How,  Blood  pressure  (Fig.  51,  page  180; 
Chapter  VIII).— Withdraw  about  25  c.c,  per  Kg.  of  blood  from  the 
femoral  artery,  whilst  taking  a  tracing.  (The  blood  is  to  be  whipped 
vigorously  with  a  glass-rod  for  about  10  minutes,  or  until  thoroughly 
defibrinated,  strained  through  muslin,  and  heated  to  40°  C.) 

The  ureter-flow  stops  as  the  pressure  falls.  The  heart  beats  are 
quickened  and  weakened.    The  respiration  is  dyspneic. 

The  cardiac  and  respiratory  effects  are  due  to  anemic  depression  of 
the  vagus  and  respiratory  centers.  The  anuria  is  explained  by  the 
low  blood  pressure. 

Observe  the  pressure  for  some  five  minutes  after  the  completion  of 
the  hemorrhage :  there  is  a  slight,  but  very  imperfect,  recovery. 

4.  Injection  ol  Normal  Saline  Solution. —  Urine-Aow,  Blood  pres- 
sure.—Inject  25  c.c.  per  Kg.  of  warm  normal  saline  solution.  The 
urine  flow  and  the  blood  pressure  recover  considerably,  but  do  not 
usually  reach  the  original   level.    The  effect  lasts  for  several  hours. 

■  Diuretin  or  Agurin.     Theocin  mBT  i]»  be  lued. 
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Note  the  much  larger  effect  as  compared  with  saline  injection  in  the 
normal  animal,  No.  i. 

5.  Injection  of  Defibrlnated  Blood.—  Urine-Aow,  Blood  pressure. 
After  15  minutes,  inject  the  warmed  defibrinated  blood :  The  ureter- 
flow  and  blood  pressure  recover  completely. 

6.  Barium  CWm\A.—  Vnne-How,  Blood  pressure  (Chapter  XXV). 
Expose  the  intestines.  Inject  intravenously  20  mg.  per  Kg,  of  harium 
chlorid  (2  c.c,  per  Kg.  of  1%)  and  repeat  every  10  minutes  until 
death:  The  effects  on  the  heart  resemble  those  of  digitalis  (Exer- 
cise 62,  No.  3),  but  the  vasoconstriction  is  much  more  prominent,  and 
the  pressure  rises  very  high.  The  urine,  however,  is  decreased,  the 
renal  arteries  being  also  constricted.  The  intestines  show  violent 
peristalsis.  This,  and  the  vasoconstriction,  are  due  to  direct  stimula- 
tion of  the  unstriped  muscle. 

7.  Cfaloroform  Rigor.— (Chapter  XIX).— Inject  some  chloroform 
into  the  peripheral  end  of  one  femoral  artery :  this  causes  immediate 
rigor  of  this  leg. 

Excise  the  suprarenal  capsules  and  place  in  10  c.  c.  of  50%  glycerin. 
Summoriie  the  effects  of  Sulphates  and  of  Hemorrhage  in  Chapter 
XXXVIII,  Nos.  S3  aitd  14. 

EXERCISE  66.— EFFECTS   OF  DRUGS   ON   PERISTALSIS 
(INTRODUCTORY). 

Drugs  which  increase  peristalsis  may  be  ^ouped  as  cathartics;  those 
which   diminish   peristalsis   as   atitidiarrkcetca. 

Whilst  peristalsis,  and  especially  defecation,  are  to  some  degree 
controlled  by  the  central  nervous  system,  almost'  all  the  drugs  which 
influence  them  act  peripherally.  The  remedies  which  are  utilized 
therapeutically  to  influence  peristalsis  are  mainly  direct  irritants, 
chemic  or  mechanic  (consult  Exercises  31  and  46,  No,  ;,  and  63,  No.  1 ), 
or  astringents.  These  act  only  when  they  are  introduced  into  the 
alimentary  canal. 

Peristalsis  may  also  be  influenced  by  peripfaerally-acting  ntnacle- 
nerve  poisons.  They  are  rarely  used  in  therapeutics,  because  their 
effects  are  not  confined  to  the  intestinal  tract ;  but  they  are_  of  con- 
siderable importance  in  toxicology  and  pharmacology.  This  group 
comprises  the  same  drugs  which  have  been  studied  in  connection  with 
the  vagus  (Exercise  50),  pupil  (Exercise  54),  and  salivary  glands 
(Exercise  55)  ;  and  the  effects  are  essentially  similar. 

The  peristaltic  movements  are  arrested  by  atropin,  stimulated  by 
muscarin,  physo^tigmin,  pilocarpin,  and  nicotin.  There  is  a  mutual 
antagonism  between  atropin  on  the  one  hand,  and  muscarin,  pilocar- 
pin and  physostigmin  on  the  other:  The  effect  corresoonding  to 
whichever  drug  is  present  in  excess.  Atropin  prevents  the  effects  of 
nicotin,  but  not  vice  versa.  Barium  is  active  after  atropin,  but  not 
the  reverse. 

By  transferring  the  conclusions  drawn  from  the  iris  and  salivary 
gland  to  the  intestine,  it  is  generally  assumed  that : 

Atropin  paralyzes  the  endings ; 

Muscarin,  pilocarpin,  and  physostigmin  stimulate  the  endings;  pilo- 
carpin also  the  ganglia ;  physostigmin  also  the  muscle. 

Nicotin  stimulates  the  ganglia,  paralyzing  them  in  large  doses. 

Barium  stimulates  the  muscle. 

This  may  serve  as  a  simple  working  hypothesis;  but  the  facts  are 
in  reality  much  more  complicated,  and  cannot  be  satisfactorily  ex- 
plained until  the  physiology  of  peristalsis   is  belter  understood. 

Innervation  of  the  Intestine. —  The  subject  has  been  worked  out 
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mainly  on  the  small  intestine  of  dogs  and  cats,  and  it  is  not  impos- 
sible that  the  details  are  somewhat  different  in  other  animals. 

Central  Innervation. —  This  consist  in: 
(a)   tonic    inhibitory    impulses    passing    down    the    splanchnic    to    the 

(6)  both  inhibitory  and  auffmemor  fibers  contained  in  the  vagus;  the 
latter  are  not  tonically  active,  and  are  very  easily  eliminated  by 
other  infiuences. 

Outaide  Influence!.—  The  peristalsis  is  very  greatly  affected  through 
changes  in  the  circulation  which  are  not  very  easy  to  control  and  to 
interpret.  When  the  abdomen  is  opened,  as  is  necessary  for  an  anal- 
ysis of  the  phenomena,  the  exposure  to  the  air,  or  to  the  sah  solu- 
tions, which  are  probably  not  quite  indifferent;  the  abnormal  condi- 
tions of  pressure;  the  inattention  to  exact  regulation  in  temperature; 
the  setting-up  of  direct  or  reflex  stimulation  or  inhibition  by  the  un- 
avoidable handling  of  these  organs  or  by  the  attachment  of  appaiBtus ; 
the  relative  difference  in  longitudinal  and  circular  coats  in  different 
animals ;  the  nervous  supply,  which  is  perhaps  quite  different  in  dif- 
ferent species ;  the  variable  activity  of  the  central  nervous  system ;  — 
all  these  are  complicating  factors  which  seem  to  influence  the  results 
in  an  extremely  strong  manner,  and  which  it  is  absolutely  impossible 
to  exclude. 

Peripheral  Innervation. —  This  seems  to  be  the  more  important,  and 
can  be  studied  under  uniform  conditions,  according  to  Magnus'  method 
(page  888). 

The  intestine  exhibits  several  varieties  ot  apparently  independent 
movements,  of  which  the  rhythmic  pendulum  movements  and  the 
peristaltic  reflex  appear  to  be  the  most  important.  These  can  also  be 
seen  in  the  excised  intestine.  The  pendulum  movements  are  auto- 
matic; the  peristaltic  movements,  on  the  other  hand,  are  reflex.  This 
peristaltic  ( Bay liss- Starling)  reflex  may  be  elicited  by  pinching  the  in- 
testine especially  if  the  restraining  influence  of  the  splanchnics  is  elim- 
inated. It  consists  of  two  phases ;  a  constriction  above  the  point  of 
stimulation,  and  a  dilation  below  this  point.  This  is  especially  useful 
in  the  propulsion  of  the  intestinal  contents,  the  reflex  descending  alon^ 
the  intestine,  which  is  thereby  stripped.  The  pendulum  movement  is 
probably  concerned  in  absorption,  dividing  the  intestinal  contents  so 
as  to  give  a  larger  surface. 

The  local  nerve-muscle  mechanism  for  these  reflexes  consists  of  the 
longitudinal  and  circular  muscular  coats,  innervated  by  Auerbach's 
plexus  ot  nerve  cells  and  fibers,  which  lies  between  them.  This  com- 
municates also  with  Meissner's  plexus  in  the  submucosa,  which  in- 
nervates the  glands,  muscularis  mucosx,  etc.,  but  which  is  not  con- 
cerned in  the  intestinal  movements. 

Magnus  has  succeeded  in  making  preparations  from  the  intestine, 
consisting  of  muscle  and  nerve  endings,  with  or  without  the  plexus. 
By  means  of  these  he  has  demonstrated  that  the  rhythmic  movements 
and  the  Bayliss-Starling  reflex  require  the  presence  of  Auerbach's 
plexus.  When  this  is  removed,  the  muscle  responds  to  stimulation  by 
a  simple  contraction,  or  by  tetanus. 

The  investigation  of  drugs  on  these  preparations  lead  him  to  the 
following  conclusions  as  to  the  most  peripheral  action : 

Atropm  in  small  doses  stimulates  Auerbach's  plexus,  but  prevents 
the  stimulation  of  muscarin,  pilocarpin,  and  physostigmin,  and 
the  inhibition  of  nicotin ;  it  has  little  effect  on  the  stimulation 
by  strophanthtn  or  barium.  In  medium  doses,  it  renders  the 
rhythmic  movements  more  regular.  In  larger  doses,  it  para- 
lyzes the  muscle. 
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Apocodein  also   stimulates  Auerbach's   plexus  i 

paralyzes  the  muscle  in  larger  doses. 
Nicotin  at  first  inhibits  the  movements,  by  an 

the  plexus;  it  then  stimulates  the  plexus. 
Suprarenin  inhibits  the  movements,  acting  01 

to  the  plexus. 
MuiCarin  stimulates  the  plexus. 
Piiocartiin,    Physostigmin,    and    Straphantkin 

peripheral  to  the  plexus,  large  doses  of  strophanthin  paralyze 

these  structures. 
Barium  stimulates  the  muscle. 
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I  small  doses,  and 

in  action  peripheral  to 

I  the  nerves  peripheral 

stimulate    the    nerves 


EXERCISE    6r.— EXPERIMENTS    ON    PERISTALSIS    (AND 
BLOOD  PRESSURE). 
Read  Exercise  66. 
Special  Materials  Needed: 

Small  dog,  not  morphinized ;  or  rabbit,  anesthetized  by  3  c.  c. 
per  Kg.  of  20%  chloral  administered  by  stomach.  (The  dog 
permits  better  blood  pressure  tracings,  but  rabbits  show  the 
peristaltic  phenomena  at  least  equally  well ;  a  narrow -caliber 
manometer  must  be  used  for  rabbits.) 
Sodium  chlorid  (small  crystal);  Physostigmin.  '/„%  (*1  c.c,)j 
Barium  chlorid,  1%  (i  c.c);  Atropin,  '/„%  (i  c.c);  1% 
(10  C.C.);  Pilocarpin,  '/,.%  (30  c.c);  Nicotin,  1%  (5  c.c); 
Arsenate  of  sodium,  1%  (50  c.  c). 
Distribution  of  Work    (see  page  790) : 

Students  A  and  B^ place  I;  C  and  D^II  and  electric  stimulation; 
E  and  F  =  III  (observation  of  peristalsis  and  respiration). 


Observatioos  Required: 

Date: 


Age: 
Abnormal!  ti 


Time.      Dhuc 


Dose     ^^^^^"^ 
P*''^^-  Solution. 


BuxiD  Press  USE 


(ID 


Heart  Intestine        Respiration 

Rate,  Regularity,  Color         Rale,  Strength, 

and  Strength.         Peristalsis. 


5  from  individual  experiments; 

i  from  class-work: 

itress  should  be  laid  on  the  peristalsis. 
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PrdlmliMry  Operation*.— Arrange  for  blood  pressure  tracing. 
Weigh  and  anesthetize  the  animal.    Insert  cannula  in  trachea,  central 

end  of  carotid,  and  femoral  vein, 

Experimenta.—  A.  Local  Application.—  Make  a  small  incision  in 
the  linea  alba  and  draw  forth  a.  loop  of  small  intestine. 

I.  Bayllu-Starllng  Reflex.— Observe  that  pinching  with  forceps 
causes  a  spreading  peristalsis  (.mechanical  stimulation)  ;  the  intestiae 
contracting  above  the  stimulus,  and  relaxing  below. 

a.  Apply  a  crystal  of  salt:  spreading  peristalsis  (salt-stimulation). 
.  Apply  at  another  place  a   few  drops  of  Vii)%  physostigmin:  local 


(stimulation  of  muscle). 

5.  Apply  at  another  place  a  drop  of  '/»%  alropm:  Peristalsis 
ceases.  See  whether  3  to  6  are  effective.  ( Physosiiamin  is. effective, 
barium  and  salt  ineffective;  pinching  produces  a  slight  effect.) 

B.  Systemic  Administration. —  Connect  for  blood  pressure  and 
injection.  Open  the  entire  abdomen  along  the  linea  alba,  so  that  the 
intestines  may  be  observed.    Take  normal  tracing  and  observations. 

The  odd  sets  proceed  with  No.  6,  the  event  sets  with  No.  7.  All 
tets  do  No.  8  to  end, 

6.  Pliocarpin.— ( Fig.  57,  page  252;  Chapter  XII.)— Inject  ititra- 
venously  3  mg.  per  Kg.  of  Pilocarpin  (3  c.  c.  per  Kg,  of  Vi.%)  :  The 
peristalsis  is  mcreased  (stimulation  of  the  ganglia  and  muscle).  Sali- 
vation may  be  noticed  (stimulation  of  salivary  ganglia  and  endings). 
The  heart  is  .it  first  slowed,  but  may  be  quickened  later  {peripheral 
stimulation  and  depression  of  vagus). 

7.  Mcotin.'- (Fig,  S9,  page  260;  Chapter  XIl).~Expose  the 
vagus  and  find  the  smallest  stimulus  which  just  stops  the  heart.  In- 
ject Eubcutaneously  S  nig,  per  Kg.  of  nicotin  ('A  c,  e,  per  Kg,  of  1%). 
The  peristalsis  is  greatly  increased.  The  effects  on  the  circulation  are 
shown  in  Fig,  60,  The  respiration  is  also  increased  and  the  animal 
may  become  convulsive.  When  Ihe  heart  has  become  quickened,  note 
that  stimulation  of  the  vagus  does  not  stop  the  heart  (depression  of 
the  vagus  ganglion  cells).  Very  strong  stimulation  may  cause  some 
slowing,  if  the  paralysis   is  incomplete, 

8.  Atropin. —  (Fig.  55,  page  2301  (Chapter  XI).— (a)  Expose  the 
vagus  and  determine  the  smallest  stimulus  which  will  just  stop  the 
heart.  Inject  intravenously  10  mg,  per  Kg.  of  Atropin  (l  c.  c.  per 
Kg.  of  1%)  :  the  peristalsis  and  salivation  cease  (paralysis  of  end- 
ings). The  heart  is  quickened,  and  stimulation  of  the  vagus  becomes 
ineffective  (paralysis  of  vagus  endings).  The  blood  pressure  is  not 
much  altered;  there  may  be  a  slight  rise.  (The  rate  of  the  heart  will 
not  be  changed  by  the  atropin,  if  the  pilocarpin  or  nicotin  paralysis 
was  complete.) 

9.  Arsenic. —  (Chapter  XXVII), —  Inject  intravenously  5,0  mg.  per 
Kg,  of  Arsenate  of  sodium  {5  c,c,  per  Kg.  of  i%):  the  intestines 
show  capillary  congestion  and  become  filled  with  fluid  (paralysis  of 
the  capillary  walls).  The  blood  pressure  falls,  but  rises  at  once  it 
the  aorta  is  temporarily  compressed,  showing  that  the  cardiac  muscle 
is  not  injured  (except  by  larger  doses).  Observe  half  an  hour  if 
necessary.  Kill  Ihe  animal,  excise  the  suprarenals,  cut  them  up,  and 
place  them  in  10  c.  c,  of  50%  glycerin. 

'Nkolin  on  ganglia  and  nerve  Shres  (OpIionaO,     Expose  the  suptrior  cerritil 
ganglion     of    an    ancithetiied    rabbibl.      Stimulation    cauMl    constriction    of    Ih« 
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D„.„ab,GoOglc 


EX.   68:   PERFUSION   EXPERIMENTS. 


EXERCISE  68.— PERFUSION  OF  EXCISED  ORGANS  (IN- 
TRODUCTORY). 

(Review  Exercises  51  and  s?) 

The  perfusion  of  excised  organs  permits  the  study  of  their  func- 
tions under  simple  conditions,  which  can  be  modified  at  pleasure.  If 
the  purpose  of  the  study  concerns  the  proper  vital  functions  of  the 
organ,  the  conditions  must  be  made  to  approach  those  of  the  body 
as  closely  as  possible :  The  perfusing  fluid  must  be  at  the  proper  tem- 
perature (38°  C.)  and  pressure  <about  130  cm.  of  water)  ;  the  perfu- 
sion fluid  must  consist  of  well-oxygenated  Locke's  Fluid  (see  Index), 
if  possible  with  the  addition  of  the  defibrinated  blood  of  the  same 
animal.  In  delicate  experiments  it  is  necessary  to  imitate  the  rhyth- 
mic pulse-pressure. 

If  the  study  concerns  merely  the  circulation,  plain  saline  solution 
may  be  used  at  room  temperature :  the  blood  vessels  maintain  their  vi- 
tality for  many  hours,  even  under  these  unfavorable  conditions.  The 
simplest  disposition  which  will  suffice  for  the  experiment  should  be  pre- 
ferred, as  the  advantages  of  more  complicated  apparatus  are  often 
offset  by  the  chances  of  accident,  elc.  The  arrangement  described  on 
page  819  answers  for  the  circulation;  that  of  Fig.  127  is  used  when 
the  perfusion  is  to  be  made  at  body  temperature.  The  perfusing  fluid 
must  be  free  from  dirt.  The  outflowing  fluid  is  collected,  strained,  and 
returned  to  the  reservoir.  Fluid  mixed  with  poisons  is  kept  separate. 
The  administration  of  drugs  may  be  done  with  a  hypodermic  syringe, 
thrusting  the  needle  obliquely  through  the  rubber,  just  before  it  con- 
nects with  the  arterial  cannula.  The  injection  must  be  made  so  slowly 
that  the  pressure  is  not  materially  raised.  More  exact  results  are 
obtainable  by  employing  two  reservoirs,  joined  to  the  arterial  cannula 
by  a  T  piece.  It  the  injection  is  to  be  made  at  body  temperature,  a 
thermometer  is  introduced  in  a  T  piece,  as  in  Fig.  127.  The  greatest 
care  must  be  used  to  exclude  air  from  the  apparatus.  If  any  should 
enter,  it  can  be  removed  through  the  side  piece  of  the  T.  The  perfu- 
sion of  each  drug  is  continued  only  until  the  desired  effect  is  obtained. 

The  preparation  of  the  organs  is  described  on  page  810.  The  effect 
on  the  vessels  may  be  judged  from  the  rate  of  outflow,  and  from  the 
volume  of  the  organ,  by  taking  oncometer  readings.  The  flow  through 
the  intestine  and  spleen  is  (00  rapid  for  counting,  if  saline  solution  is 
perfused ;  it  is  therefore  advisable  to  lower  the  reservoir  until  ii  is 
just  possible  to  count  the  drops.  The  changes  of  the  flow  and  oncom- 
eter should  be  plotted  as  curves,  each  ordinate  representing  five  min- 
utes, each  abscissa  ten  drops  of  flow,  or  'A  c.m.  of  the  oncometer. 
The  excised  kidney  is  particularly  well  adapted  lo  the  study  of  a  great 
variety  of  problems  (Sollmann  and  Hatcher,  American  Journal  of 
Physiologj-,  igos,  XlII,  p.  241-303). 

The  heart  methods  are  simplified  modifications  of  those  proposed  by 
the  originators. 

Preparation  for  Exerclsci  69  to  73.— These  exercises  may  be 
performed  in  one  day,  being  distributed  amongst  the  sets.  (Exercises 
74  to  76  may  also  be  done  in  one  day,  by  assigning  them  to  different 

Special  Materials  Needed  (Exclusive  of  Solutions)  : 

For  Ivm  seH:    Morphinized  dog,  porcelain  dish,  glass  rod,  large 
funnel,  cotton,  beaker. 
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For  each  half  set: 

Exercise  69:  Simple  perfusion  apparatus,  arranged  for  rais- 
ing and  lowering;  reoal  artery,  vein  and  ureter  cannulse, 
with  outflow  tips;  meter  rubber  tube;  tall  stand  and  clamp; 
oncometer,  bench,  and  clamps  to  hold  organ  and  cannulse; 
2  tumblers ;  250  c.  c.  graduate. 

Exercise  70:  Simple  perfusion  apparatus  with  T  piece,  at  140 
c.  m.  Other  apparatus  as  in  69,  omitting  meter-tube  and 
tall  stand. 

Exercise  7':     As  in  70, 

Exercise  72:  As  in  70;  it  is  advisable  to  have  a  second, 
smaller  reservoir  in  this  exercise;  spectroscope. 

Exercise  73:    As  in  ?o,  omitting  the  ureter  cannula. 

Solutions  Needed: 

Exercise  6q:    2%  NaCI  (2  L.). 

Exercise  70:     i%NaCl(2L.);    Distilled    water    (i    L.) ;    5% 

NaCI  (2  L.)  ;  CaCIs,  16.33  Gm.  of  salt  dried  at  110'  C,  added 

to   I    L.  distilled  water;'   Sodium  citrate,  27.37  Gm.  of  salt 

dried  at  110°  C,  added  to  i  L,  distilled  water' 
Exercise  71:     1%  NaCI  (2  L.);  Adrenalin,  1  ;  1,000  (2  c.  c); 

HCN.  2%    (5  cc);  Digitalis,   10%    (5  c.  c);   Chloral.   10% 

(sec);  Barium  chlorid,  1%  (loc.c). 
Exercise  7i:     1%  NaCI  (i  L.)  ;  Diluted  Blood  (2  U)  :  Caffein 

Sod.   Benzoate,   1%    (10  cc);  HCN.  2%    (5  c.  c.) ;   Digitalis, 

10%  (5  c.  c.)  ;  Ammonium  sulphid. 
Exercise   73:     1%    NaCI    (2   L.) ;    10  c.  c.   each  of   Adrenalin, 

I  :  10,000;   Sodium  nitrite,  1%;   Wgitalis,  1%;   Chloral,   1%; 

Barium  chlorid,  '/•!,%. 
Preliminary   Operation*   (For  two  full  sets). 

1.  Anesthetize  a.  large  dog;  place  cannulx  into  trachea,  and  central 
end  of  one  carotid  artery  and  femoral  vein.  Draw  as  much  blood  from 
the  carotid  as  will  flow  readily.  Defibrinate  this.  Inject  into  the 
vein  7S  c.  c,  per  Kg.  of  NaCI  (1%).  Again  draw  blood  and  defibrin- 
ate.  Mix  the  blood  and  filter  through  a  funnel  plugged  loosely  with 
absorbent  cotton. 

Meanwhile  open  the  abdomen  of  the  dog  by  a  long  median  incisioa 
Expose  one  of  the  kidneys  freely  by  cutting  along  the  lower  border  of 
the  rib.  Clean  the  fat  and  nerves  away  from  the  organ  and  especialljr 
from  the  vessels  and  ureter. 

"^e  cannula  into  ureter  and  renal  artery  (should  this  be  double, 
ligate  the  smaller  branch).  Connect  with  perfusion  apparatus,  prev- 
iously filled  with  the  solution  (2%  NaQ  for  Exercise  69:  1%  NaQ 
for  tne  others).  Flush  the  kidney,  until  the  vein  is  almost  colorless. 
Stop  the  perfusion.  Insert  cannula  into  renal  vein  and  adjust  outflow- 
tip.  (AH  the  cannulx  point  toward  the  kidney).  Excise  the  kidney. 
Adjust  it  in  the  oncometer,  on  the  bench.  Immobilize  the  cannuUe 
by  clamps  or  some  other  means,  and  see  that  they  are  not  kinked  or 
twisted.  Start  the  perfusion.  Observe  that  the  oncometer  rises.  Pro- 
ceed with  Exercise  5q  or  70. 

2.  As  soon  as  the  first  kidney  is  excised,  prepare  the  other  in  the 
same  manner,  and  proceed  with  Exercise  71  or  72. 

3.  Expose  the  spleen.  Insert  cannula  into  the  kr^est  artery.  Flush. 
Insert  vein  cannula.  Tie  all  other  branches.  Excise  and  adjust  lilct 
the  kidney,  and  proceed  with  Exercise  73. 

4.  Expose  a  large  mesenteric  artery  and  vein ;  insert  cannulx  as  in 
3.    Excise  the  intestine,  and  proceed  with  Exercise  73, 

■  That  (oldtioni  ghould  faave  the  sime  frcesng  point  u  1%  KlCl. 
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Effect  of  Arterial  PreMure. —  Observe  the  vein  and  ureter-flow 
IS  or  c.c.  per  minute),  with  the  reservoir  at  140  cm.  above  the 

y  (after  the  solution  has  run  for  about  10  minutes).    Xxiwer  the 
too  cm.,   and   repeat  the  observations  after   10  minutes; 
also  with  60  and  20  cm. 

The  vein  flow,  ureter  flow,  and  oncometer  (also  the  maximal  vein 
and   ureter   pressure)   vary  in  the  same  direction  as  the   arterial  prcs- 

(By  modifying  the  arrangement  so  that  the  pressure  can  be  inter- 
rupted rhythmically,  it  can  also  be  shown  that  the  vein  and  ureter 
flow  are  much  better  with  interrupted  pressure  than  with  constant 
pressure  of  the  same  mean  height,) 

a.  Effect  of  Vein  Preun re.— Replace  the  reservoir  at  140  cm. 
Remove  the  outflow-lip  from  the  vein  cannula,  and  connect  this  with 
a  rubber  tube,  i  m.  long.  Replace  the  outflow-tip  in  this  tube  and 
support  it  at  the  level  of  the  kidney.  Let  it  All  with  the  fluid,  and  in 
ro  minutes  measure  the  vein  and  ureter  flow  and  the  oncometer.  Raise 
the  vein  outflow  to  30  cm.  above  the  kidney  and  in  10  minutes  repeat 
the  observation;  also  at  60  and  90  cm.  Increase  of  vein  pressure 
Increases  the  oncometer,  but  diminishes  the  vein  and  ureter  flow. 
The  diminution  is  ^adual  up  to  60  or  80  cm,,  when  there  is  a  sharp 
drop.  The  diminution  is  due  to  the  pressure  of  the  distended  veins 
on  the  urinary  tubules  and  on  the  arterial  end  of  the  circulation. 

3.  Effect  ol  Ureter  Pressure.—  Remove  the  lube  from  the  vein  and 
connect  it  with  the  ureter  cannula.  Repeat  the  observations  as  in  2. 
The  effects  are  similar,  but  the  ureter  pressure  has  a  comparatively 
small  effect  on  the  vein  flow  and  oncometer. 

4,  Occluaion  of  the  Vein. —  Disconnect  the  tube.  Count  the  ureter- 
flow  and  observe  the  oncometer.  Pinch  the  vein  tube  to  complete 
occlusion.  The  oncometer  increases.  There  is  a  short  spurt  of  ureter 
fluid,  and  then  almost  (but  not  quite)  complete  anuria  (compression 
of  the  urinary  tubules  in  the  boundary  layer). 

3.  Injection  by  RennI  Vein.—  Release  the  vein  and  after  to  minutes 
count  the  vein  and  ureter  flow  and  observe  the  oncometer.  Change 
the  injection  tube  from  the  artery  to  the  renal  vein:  Almost  no  fluid 
will  run  from  the  artery  or  ureter,  the  oncometer  increasing-  greatly. 
(A  valvular  mechanism  exists  in  the  kidney,  probably  by  the  pressure 
of  the  distended  veins  on  the  arterial  capillaries  in  the  glomeruli.) 

Summarize  in  Chapter  VI,  No,  35. 

EXERCISE  70—  SALT  AND  ION  ACTION  ON  THE  KIDNEY. 

Perfuse  the  kidney  with  1%  NaCl  solution,  and  observe  the  vein 
and  ureter  flow   (drops  per  minute)   and  the  oncometer  after   10  min- 

1.  Hypolsotonic  So latton*.- Replace  the  salt  solution  by  water 
(removing  the  solution  through  the  T  piece,  avoiding  air  bubbles). 
The  vein  and  ureter  flow  and  the  volume  are  diminished.  This  is 
due  to  the  swelling  of  the  renal  cells,  obstructing  the  access  of  the 
fluid  to  the  kidney. 

a.  Hyperisotonlc  Solntlon*.- Replace  by  5%  NaO.  The  flow 
increases  much  above  the  original,  the  volume  to  about  the  original 
(lessened  resistance  by  shrinkage  of  cells). 

Return  to  1%  NaCI  solution.    After  15  minutes  replace  this  by: 

3.  Calcinm    Chlorid    (Isotonic    with    1%    NaCI).— The    flow   and 


.dbyGoogle 


934  OPERATIVE   WORK   ON   MAMMALS.      CHAP,   XXXVU. 

oncometer  are  diminished.    This  is  a  specific  (ion)  effect  of  the  cal- 

4.  Citrate. —  Replace   by   isotonic   sodium   citrate :     The   flow   and 

eter  are  increased.     The  citrate  acts  as  a  hyperisotonic  solution, 
t  does  not  penetrate  the  cells  as  readily  as  NaCl  (consult  Exer- 
cise 23,  No.  3). 

5.  Occlusion  of  Veln.^  Pinch  the  tube  of  the  vein-cannula  to  com- 
plete occlusions.     See  Exercise  69,  No.  4- 

Summarise  the  effects  of  Osmosis,  of  Calcium,  and  of  Citrate  in 
Chapter  XXXVIU.  Nos.  31  to  34. 

EXERCISE  71.— EFFECTS  OF  DRUGS  ON  EXCISED  KIDNEY. 

Perfuse  with  1%  NaCI.  After  15  minutes  observe  the  vein  and 
ureter  flow   (drops  per  minute)  and  the  oncometer 

I.  Adrenalin. —  Change  (see  Exercise  70,  No.  2)  to  1:50,000  (i  cc 
of  i:  1,000  to  SO  c.c,  of  1%  NaCl),  The  flow  and  volume  are  dimin- 
ished   (constriction  of  arterioles). 

3.  Hydrocyanic  Acid. —  Change  to  1:2,500  HCN  (2  cc.  of  2%  to 
100  c.c,  of  1%  NaCl):  increase  of  vein,  ureter  and  oncometer  (dila- 
tion of  arterioles).  This  effect  of  hydrocyanic  acid  seems  to  be  con- 
fined to  the  kidney. 

3.  Digitalis.— Change  to  1:1,000  DigiUlJs  (l  c.c.  of  10%  to  lOO 
c.c.  of  1%   NaO)  :   vasoconstriction. 

4.  Chloral. —  Change  to  1:  i.ooo  chloral  (1  c.c.  of  10%  to  100  c.c.  of 
1%  NaCl)  :  vasodilatation. 

5.  Barinm. —  Change  to  1 ;  2,000  barium  chlorid  (5  c.c.  of  1%  to  100 
cc  of  1%  NaCl):  vasoconstriction. 

EXERCISE  72  —  BLOOD  AND  DRUGS  ON  EXCISED  KIDNEY. 

I.  Perfuse  with  1%  NaCl.     After  15  r 
ureter  flow   (drops  per  minute)   and  0 
efcise  ;o,  No.  2) : 

a.  Blood,  diluted  with  about  three  volumes  of  t%  NaO.  The  vein 
flow  is  promptly  increased,  whilst  the  ureter  flow  and  oncometer  are 
greatly  diminished.  Note  the  darkeninj^  of  the  venous  blood.  The 
flow  is  again  somewhat  slowed  after  a  time. 

Two  factors  are  concerned  in  these  effects  r  The  RTeat  viscidity  of 
the  blood,  which  would  slow  the  flow  and  diminish  the  volume.  In 
dead  kidneys  the  vein  flow  is  practically  arrested.  In  living  kidneys, 
however,  the  blood  stimulates  a  vasodilator  mechanism,  probably  in 
the  eff^rent  arterioles,  which  causes  the  vein  flow  to  continue,  and 
generally  increases  it  above  normal. 

3.  Saline  Diuretics. —  After  about  15  minutes  repeat  the  observa- 
tions. (The  vein  flow  will  be  somewhat  slowed,  on  account  of  the 
increasing  viscidity.)  Add  about  30%  of  1%  NaCl  to  the  perfusing 
blood:  The  flow  and  volume  are  increased  (lessened  viscidity,  and 
consequently  lesser  resistance).  Use  this  blood  dilution  in  all  sub- 
sequent experiments, 

4.  Caflein.—  Substitute  diluted  blood  with  i :  5,000  caffein-sodium 
benzoate  (4  c.c.  of  1%  10  100  c,  c.  of  diluted  blood):  Somewhat  in- 
creased flew  and  volume.     (Not   alwavs  successful.) 

5.  Hydrocyanic  Add.—  Substitute  blood  with  i :  2,500  HCN  (2  c.  c 
of  2%  to  100  c.  c.  of  diluted  blood)  :     Further  vasodilation. 

Note   that  the  venous  blood  is   not  darkened,   but  that   it  is   readily 
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sulphid.     (Cyanids  prevent   the    reductio 
...^  -..-  oxygen -consumini         ■  ■    ■■ 
-  Substitute  blood   with 
.  of  diluted  blood) :    Strong  i 

Summarise  the  effects  of  Cyanids  and  of  Normal  Salin.  __ _ 

Chapter  XXXVlll,  Nos.  36  and  j?. 

EXERCISE  73.—  CIRCULATION  THROUGH  EXCISED  SPLEEN 
OR  INTESTINE, 

In  this  exercise,  the  drugs  are  injected  slowly  into  the  circulation  by 
means  of  a  hypodermic  syringe.  The  experiment  may  be  modified 
by  adding  the  drugs  directly  to  the  perfusing  fluid,  and  by  using  cold 
or  warm  detibrinated  blood. 

I.  Perfuse  with  1%  NaCl  and  in  10  minutes  observe  the  rate  of 
flow  rdrops  per  minute)  and  oncometer. 

a.   Suprarenal. — Inject  5  c.  c,  of  i :  10.000  adrenalin :  vasoconstriction. 

3.  Nitrites. —  Inject  5  c.  c.  of  i :  100  sodium  nitrite :  vasodilation. 

4.  DlKltall*.—  Inject  5  c.  c.  of  1 :  100  digitalis :  vasocor 

5.  Chloral. —  Inject  5  c.  c,  of  1 :  100  chloral :  vasodilatioi 

6.  Barium. —  Inject  5  c.c,   of  t.  1,000  barium  chlorid: 
tioa 

Instead  of  injecting  the   stronger   solutions,  weaker   c 
may  be  perfused  as  in  Experiment  71 : 

2.  Adrenalin.  1:50,000  =  2  c.c.  of  0.1%  to  100  c.c.  of  1%  NaCl. 

3.  Sodium  Nitrite,  i:2floo=J4  c.c.  of  10%  to  100  c.c.  of  1% 
NaCl. 

4.  Digitalis,  1:1,000=1  c.c.  of  10%  to  loo  c.c.  of  1%  NaCl 

5.  Chloral,  1:1,000  =  1  c.c.  of  10%  to  100  c.c.  of  1%  NaO. 

6.  Barium,  i:20,ooo  =  !/i  c.c.  of  1%  to  100  c.c.  of  1%  NaCl. 
Summariee  the  effects  of  Nitrites  and  Barium  in  Chapter   Vl,  Nos. 

38  and  J9. 

EXERCISE   74.— EXCISED    MAMMALIAN    HEART    (LAN- 
GENDORFF).' 

Review  pages  89S  to  898. 
Special  Materials  Needed: 

Morphinized  dog. 

Perfusion  apparatus  (Fig.  127,  see  below);  Bone  Forceps:  Aor- 
tic Cannula:  Large  evaporating  dish,  glass  rods,  large  funnel 
and  cotton,  2  large  beakers,  oxygen-tank, 
7  Liters  of  Locke's  Fluid  (see  Index)  at  40°  C. :  15  C.c.  each  of 
Strychnin,  i :  5,000 ;  Caffein,  i :  5,000 ;  Chloroform,  saturated 
in   normal   saline;     Adrenalin,    "  "  .      •         .,.•.-■  ^ 

1:100;     Camphor,     saturated    i 
r:  loa 
Distribution  of  Work    (see  page  7Q0) : 

Students  E  and  F=place  I;  A  and  B^apparatus  and  tracings; 
C  and  D  =  place  III  and  heart-count.  If  several  sets  do  the  experi- 
ment, one  may  attempt  all  the  numbers,  another  may  do  I,  2,  S.  61  and 
7,  a  third  i,  2,  and  7- 
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Obaervatloni  Required: 

Strength  ric             Heart                 ^ 

Time.    Dhuc.              of  .£.  g      Rate,  Regularity,  W£ 

Solution.  £0        and  Strength.  "^  g 


Conclusions  from  class-work: 


Perfusion  Apparatui  (See  Fig.  127). —  A  large  water  bath  wb., 
heated  by  a  Bunsen  or  alcohol  burner,  is  arranged  on  a  shelf,  150 
cm.  above  the  table.  In  this  is  set  a  z-gallon  bottle,  containing  7 
liters  of  fresh  Locke's  Fluid.  Into  this  bottle  dips  a  siphon,  a  narrow 
orifice  tube  connected  with  the  oxygen- tank,  and  a  thermometer. 
The  siphon  tube  is  prolonged  to  the  table.  A  T  piece,  C  *  is  inserted 
near  the  lower  end,  the  free  limb  being  closed  by  a  Mohr's  clamp. 
The  tube  terminates  in  another  T,  (",  which  bears  the  bulb  of  a  ther- 
mometer. This  T  is  joined  to  the  aortic  cannula,  and  supported  by  a 
clamp  and  stand,  over  the  hot-water  funnel  f.  This  is  kept  warm  by 
a  Bunsen  or  alcohol  flame.  A  pin  is  hooked  to  the  apex  of  the  heart, 
f>,  and  connected  with  a  string,  which  passes  through  the  stem  of  the 
funnel  to  a  muscle  lever,  nt.  /.,  writing  on  the  drum  d.  The  lever  it 
weiglited  with  a  10  Gm.  counterpoise.  It  is  best  to  attach  the  string 
to  tne  lever  with  a  pin,  so  that  the  excursions  can  be  regulated  to  I'A 
or  2  inches.  A  beaker  is  set  beneath  the  funnel  to  catch  the  blood. 
Several  drums  should  be  smoked  in  advance.  The  whole  apparatus 
should  be  ready  before  the  heart  is  excised. 

Preliminary  OperatloAs. —  Whilst  the  apparatus  is  being  set  up,  the 
dog  is  anesthetized,  and  cannulx  are  tied  in  the  trachea,  carotid,  and 
femoral  vein.  The  latter  is  connected  with  the  injection  burette. 
The  dog  is  now  bled  from  the  carotid  as  long  as  the  blood  flow  is  a 
strong  stream.  The  carotid  is  clamped,  and  the  blood  is  defibrinated. 
Strained,  and  heated  to  45°  C.  and  poured  into  B.  The  heart  is  now 
exposed  as  described  on  page  8og,  and  artificial  respiration  is  started. 
The  carotid  is  again  opened,  and  the  dog  is  bled,  whilst  at  the  same 
time  a  liter  of  warm  Locke's  Fluid  is  allowed  to  flow  into  the  femoral 
vein.  The  diluted  blood  is  collected  as  long  as  it  flows  from  the  caro- 
tid, defibrinated,  strained,  mixed  with  the  blood  which  was  previously 
drawn,  heated  to  45"  C,  and  poured  into  the  reservoir. 

The  reservoir  is  now  shaken,  so  as  to  mix  the  fluids,  and  a  slow 
stream  of  oxygen  is  passed  through  it.  The  siphon  tube  is  filled  with 
the  blood. 

In  the  meantime  the  heart  is  excised  with  an  inch  of  the  aorta, 
and  with  the  lungs.  The  latter  are  trimmed  away,  the  pericardium 
is  slit  open.  All  branches  of  the  aorta  are  tied.  The  aortic  caimula 
(page  807)  is  introduced  and  secured  by  a  firm  ligature,  taking  care 
that  it  does  not  interfere  with  the  piay  of  the  semilunar  valves.    The 

>  Tfaia  wrves  for  the  innoval  of  >ir  or  of  cooled  blood,  if  the  flaw  hu  ban 
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aorta  is  clniRped  below  tbc  cannula;  this  is  filled  with  blood,  con- 
nected air-ffee  with  T',  and  supported  in  the  damp.  The  pin  is  hooked 
into  the  apex,  connected  with  the  lever,  the  clamp  on  the  aorta  is 
removed,  and  the  perfusion  is  started.  The  pressure  closes  the  setni' 
lunar  valves,  so  that  the  fluid  is  forced  through  Ihe  coronary  circulation, 
escaping  through  the  right  auricle  (Fig.  124,  page  896)  and  into  (he 
beaker.  The  flow  should  be  rather  free,  the  beaker  being  frequently 
exchanged,  the  unpoisoned  blood  being  returned  to  the  reservoir.  If 
it  is  too  free,  some  of  the  veins  may  be  closed  by  bulldog  forceps. 
See  that  the  thermometer  in  T°  registers  38  to  42°  C. 


37,  App«i 


igendorS  Heart  (see  text). 


The  heart  will  begin  to  beat  in  a  very  short  time,  at  first  feebly  and 
irregularly,  but  soon  with  strong,  regular  beats.  The  observations  and 
tracings  may  be  started  at  this  time.  The  solutions  should  be  in- 
jected just  below  T'  with  a  hypodermic  syringe,  thrust  obliquely  through 
the  rubber.  The  injections  should  be  made  very  shuily,  and  continued 
until  the  desired  effect  is  obtained. 

(Instead  of  injecting  the  drugs  with  a  syringe,  they  may  be  added 
directly  to  the  perfusmg  fluid,  in  the  proportion  of  about  1 :  25.  A 
second  reservoir  will  be  necessary.) 

Experiments^  I.  Strychnin.— < Fig.  46,  page  149;  Chapter  VIII). 
—Obtain  a  normal  tracing.    Inject  1:5,000  Strychnin,    According  to 


.dbyCoogle 


938  OPERATIVE   WORK  ON    MAUMALS.      CHAP.    XXXVU. 

the  dose   (which  is  really  inversely  proportional  to  the  rate  of  per- 
fusion), one  may  obtain: 

(a)  no  effect; 

(fe)  increased  excursions  (Fig.  46  E) ; 

(c)  diminished  excursions    (Fig.  46  F). 
3.  Callein.— (Chapter  VIII).— Inject   1:5,000  Caffein.    According 
to  the  dose  one  may  obtain  quickening  and  increased  excursions;  or 
slowing  with   diminished  excursions. 

3.  Chloroform.— (Fig.  82  F,  page  430;  Chapter  XIX).— Inject  a 
saturated  solution  of  chloroform  in  normal  saline ;  The  heart  is  slowed 
and  especially  weakened.     Proceed  to  4  before  it  has  quite  stopped. 

4.  Adrenalin.— (Fig.  63  and  64,  page  290;  Chapter  XIII).  J  I"J*ct 
I ;  10,000  adrenalin :  The  heart  revives  promptly  and  beats  power- 
fully- 

5.  Potasrium.— (Fig.  91,  page  557;  Chapter  XXV)— Inject  1:100 
KCl ;  Sudden  paralysis  of  the  heart.  Recovery  may  be  spontaneous, 
or  occur  by  6,  which  should  be  undertaken  at  once. 

6.  Camphor. —  (Chapter  XXI).—  Inject  a  saturated  solution  of  cam- 
phor in   normal   saline  solution:    The   heart  revives  or  is   strength- 

7.  Digltalii.— (Chapter  XXII).— Inject  1:100:  The  heart  is  first 
quickened  and  strengthened.  The  tonus  increases.  Finally  it  goes 
into  delirium  cordis  and  stops  in  systolic  position.  Compare  the  ef- 
fects with  those  in  an  intact  animal,  Exercise  62,  No.  3. 

Summarise  Ihe  effects  of  Suprarenal,  Potassium,  and  Camtftor  >'* 
Chapter  XXXVlll,  No.  40  to  +?. 

EXERaSE  75  — ISOLATED  MAMMALIAN  HEART  (MARTIN 
AND  APPLEGARTH). 
Review  pages  000  and  consult  Fig  124.  page  000. 
Special  Material!  Needed: 

Morphinized  dew. 

Liter  injection-bulb,  suspended  1.4  meters  above  the  table, 
connected  with  a  tube  reaching  to  the  table,  terminating  in  an 
aortic  cannula,  and  closed  by  a  Mohr's  clamp.  Muscle-lever 
and  drum.  Capsule,  glass  rod,  funnel,  cotton,  and  beaker  (for 
detibrinating  blood).  Bone-forceps. 
o.Q%  NaCl  solution  at  4?°  C.  ('A  L.)  ;  Digitalis,  1%  (10  cc). 
Distribution  of  Work   (see  page  790)  : 

Students  A  and  B  =  place  I;  C  and  D ^apparatus  and  tradiigs; 
E  and  F=III  and  heart  count. 
Obervatlons  Required: 

Strength       £"d  Heart  ^c 

Time,  Drug.  of  '=B      Rate,  Regularity,      ,=  .a 

SoLUTtOK.        <«  <<         and  Strength.         ^  | 

aS  t-z; 

■ ■_ , '(TH)  (II) 


s  from  class-work; 
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Preliminary  Operation ■■— An esthetiie.  Place  cannula  into  trachea 
and  carotid.  Draw  150  c.  c  blood ;  defibrinate ;  strain  through  cottoa 
Mix  with  SOO  c.  C.  of  warm  saline.  Fill  injection  funnel  and  lube, 
free  from  air.  Commence  artificial  respiration ;  open  chest  Slit  peri- 
cardium. Isolate  aorta  and  vena  cava.  Insert  aortic  cannula  central 
to  origin  of  carotid.  Remove  clamp  on  injection  tube.  Tie  vena  cava 
at  entrance  into  heart.  Hook  pin  into  the  apex,  and  connect  with 
muscle-lever.    Take  normal  tracinf^  and  observations. 

Inject  1%  Digitalis  very  slowly  mto  the  aortic  cannula,  with  a  hypo- 
dermic syringe.    Consult  Exercise  74,  No.  7. 

EXERCISE  76.— ISOLATED    MAMMAUAN    HEART    (BOCK'S 
METHOD). 
Review  pages  000. 
Special  Material!  Needed: 

Morphiniied  dog.    Y  piece.    Screw  clamp. 

10  c.  c.  each  of  Strychnin,  '/,•%;  Caffein,  '/i»%;  Chloroform, 
saturated  in  normal  saline ;  Digitalis,  yi%. 
DUtrlbutlon  of  Work  (see  page  000) : 
Students  C  and  D  =  place  I ;  E  and  F  =  11 ;  A  and  B  =  III. 

Observations  Required: 

I>ate:  Weight  of  animal: 


Blood  PaEssinti 
Stiiencth        ^Ti  V 

Time.  Drug.  of  "sS     c-P      A  S     -i:  A   ■ 

Solution.        SB      n.Sf     ,2  Jj      &i:  g 

aM   Sk    ££    (S>-B 

' . '  (II) 


Rate.   Regularity, 
and   Strength. 


Conclusions  from  class-work: 

Prellmlnar)'  Operations.—  Prepare  for  blood  pressure  tracing. 

Anesthetize  the  dog.  Tie  cannula  into  the  trachea,  into  both  carot- 
ids and  in  one  external  jugular  vein  (page  809).  Connect  one  carotid 
for  blood  pressure.  Join  the  other  carotid  and  the  jugular  by  the 
Y  piece,  connecting  the  third  limb  of  the  Y  with  the  injection  burette 
(Fig.  124,  page  896).  (The  pressure  apparatus  is  superfluous;  sufficient 
force  can  be  exerted  by  blowing  into  the  burette.)  Place  a  screw 
clamp  on  the  carotid,  central  to  the  Y,  and  a  pinch-cock  on  the 
burette.  Fill  the  connections  with  saline.  Begin  artificial  respiration. 
Open  the  chest;  place  ligatures  around  the  aorta  (just  below  the  carot- 
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ids)  and  on  the  inferior  vena  cava.  Tighten  the  ligatures  simul- 
taneously and  open  the  clamps  on  the  neck  vessels.  Adjust  the  screw 
clamp  on  the  arteij  so  that  the  circulation  is  free,  but  the  blood  pres- 
sure  fairly  high.     Take  IraciuR  and  observations, 

ExperimentB— I.  Strychnin,  1:10,000:  See  Exercise  74,  No.  i. 
If  the  subclavian  artery  has  not  been  tied,  the  animal  may  exhibit 
Baglioni's  phenomenon :  On  striking  the  foreleg,  the  whole  animal 
goes  into  convulsions;   if  the  hindlegs  are  struck,  there  is  no  convul- 

Explonatory, — The  conditions  are  shown  in  Fig.  45,  page  145,  (the 
experiment  being  usually  performed  on  a  frog).  The  lower  portions 
of  the  cord  have  been  practically  excluded  from  the  circulation  by  the 
ligation  of  the  aorta.     Only  the  upper  portion  is  therefore  exposed  to 

the  strychnin.     The  path  gcoes  through  a  poisoned  sensory 

to  an  unpoisoned  motor  cell.    Its  excitation  causes  convulsions.    The 

path goes  through  an  unpoisoned  sensory  and  a  poisoned 

motor  cell.  Its  stimulation  does  not  produce  convulsions.  It  must  be 
concluded  that  the  convulsant  action  of  strychnin  is  exerted  on  the 
sensory  and  not  on  the  motor  cells  of  the  cord. 

a.   Caftein,  i:io/x>o:     See  Exercise  74,  No.  2, 

3,  Chloroform,  saturated  solution  in  normal  saline:  See  Exercise 
74,  No.  3. 

4.  Digitalis,  1:500:    See  Exercise  74  ^<>'  7- 

Summarise  the  effects  of  Strychnin,  Caffein,  Anesthetics,  and  Digi- 
talis »»  Chapter  XXXVIi!,  No.  43  to  46. 


CHAPTER  XXXVIII. 
SUMMARIES  OF  THE  ACTIONS  OF  DRUGS. 

The  student  will  enter  the  condensed  conclusions  of  the  experiments 
in  these  schedules.  The  summaries  in  the  text-book  may  serve  as 
models,  and  the  explanatory  text  may  be  consulted;  but  the  student 
should  accustom  himself  to  draw  critical  independent  conclusions. 
These  should  be  committed  to  memory. 

This  chapter  will  also  serve  as  an  index  guide  to  the  experiments. 
The  numbers  refer  to  the  exercises.  The  drugs  are  arranged  in  the 
order  in  which  their  study  is  completed  in  the  practical  work. 

No.  I.  Cannabli  Indies  (24.  II). 

Absorption : 

No.  a.  Effects  (rf  Colltrfds,  etc.,  on  Absorption  and  Irritation 

(I8C-24.    IV-as): 
No.  3.  Excretion  of  lodid  (13.8  —  26.1—27.1  and  2). 

No.  4.  Permanganate  In  Polsonlae  (14  — 29II). 

No.  s.  Apomorphln   (28.3— 30-i)- 

Emetic  Action : 

Effects  on  Pulse  and  Respiration: 

Effects  on  higher  centers : 

Idiosyncrasy ; 
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No.  6.  Zinc  and  Copper  Sulphate  (30^). 

Emetic  Action : 
Na.  7.  Colchicum  (32.1)- 
General  Symptoms : 
Alimentary  Canal : 
No.  8.  Mercury- 
Alimentary  Canal  (32.2) : 
Kidneys  (335): 
Eye  (27-2)  : 
Infusoria   (20.3) : 
No.  9.  Phorrbizln  (34.1). 

No.  10.  Antlpyrin. 

Temperature  (36.6  and  7): 

Hemoglobin  (21): 

No.  II.  Plcrotoxin  (38.  II). 

Motor  System: 

Symptoms : 

No.  12.  Sapotoxln. 

Muscle  and  Nerve  (42.  IV)  : 

Mucous  Membranes   (18.   B)  : 

Blood   (22): 

No.  13.  Quinln. 

Muscle  Us)  ■ 

Heart  (49); 

Leucocytes  {2as) : 

Infusoria   (2a3)  : 

Yeast  (20.2) : 

S^sStion  (43.III)  —  also  Eueain  and  Yohimbin;  Orthoform  <27.3)  = 

Taste  (43-  H)  : 

Motor  Nerve  (43-  IV)  : 

Pupil  (27-3  —  54.4): 

Vessels  <a7.3) : 

General  Symptoms  (36.3): 

Temperature  (363)  = 

Infusoria  (2a3) : 

No.  I4".  Wonin  (s4-4)- 

Conjunctiva: 

No.  IS-  A«phyxU  «nd  Carbon  Monoxld. 

General  Symptoms  (39-  IV)  : 

Motor  Effects  (39.  IV) : 

Circulation  and  Respiration  (SoJiJ  • 

Hemoglobin   (21)  : 

Treatment  (39-  IV  — S8.9): 

No.  i«.  Ergot.        .     .       ,      , 

Circulation  and  Respiration  (59-3): 

Rooster's  Comb  (51.1)  ^ 


Circulation  and  Respiration 
Motor  System  (gJ-S)  :  „ 
Treatment  (18.  C  — 59-o); 


Hemoglobin  (21): 

No.  i7«.  HydT»rtl»  (S9.3a). 

Circulation : 
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No.  17b.  Hydnutinln  (S9'3b). 

No.  18.  Ammonia  Inhalation. 

Respiration  {58.6  — 61.2J: 
Vagus  (28.1  —52.1): 
No.   19.  Morphin. 
General  Symptoms 

Frogs  (41.  I) : 

Mammals  (36,2 — 40. 1); 

Idiosj'ncrasy  (40.  I)  ; 

Respiration   (36,2  —  61.5): 

Heroin  on  Respiration   (61^)  : 

Gastrointestinal  Canal   (30.4)  : 

Temperature  (36.2) : 

Glycosuria  (34.2) : 
No.  ao.  Ammonium  Salts  (62^). 
Circulation  and  Respiration : 
No.  31.  Aconite. 
Heart,  Frog  (49)  : 
Mammalian  Heart  (637): 
Circulation  and  Respiration  — 

Therapeutic  {524  —  59-4): 

Toxic  {63,7)  ; 
Taste   (18.  B  — 43,  1  —  52.4): 
Other  Symptoms   (52.4)  : 
No.  33.  Veratrin. 
Muscle   (45.  I)  : 
Heart,  Frogs   (49) ; 

Mammalian   (63.8)  : 
Circulation  and  Respiration  (63,8)  ; 
General  Symptoms  and  Motor  Effects  (39-  H  — 
Intestinal   Canal   (324)  : 
Mucous  Membrane   (18.  B)  : 
No.  33.  Sulphate*. 
Absorption  (63.1)  : 
On  Chlorid  Excretion  (65.1)  : 
On  Carbolic  Poisoning  (59.6)  : 
No.  34.  Hemorrhage. 
Circulalion  and  Respiration   (65.3) : 
Treatment   (65.4  and  5)  : 
No.  35.  Muscarin  (5a  I). 
Vagus 


No.  36.  Curare. 

Muscle- Nerve  (42,  I  —  63.2): 

Vagus  (63.2)  : 

Circulation  and  Respiration  (63^)  : 

Treatment  (42.  1—63,2): 

No.  37,  Physostigmiti. 

Peristalsis  (6?.3)  : 

Pupil  (^4'i  and  2): 

Vagus  (xo.  I)  : 

Muscle-Nerve   (42.  I)  : 

No.  38.  Pllocarpln. 

Glands  (ss.a.  3.  and  4)  : 

Pupil  (^i  and  3)  : 

Vagus  (so.  II  — 67.6): 


No.  36a.  Magnealam. 

General  Effects  (4aV:4i,V): 
Local  Effects  (43,  IV  c) ; 
Heart  (63,  5)  : 
Absorption   {63,  1) : 
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Pilocarpi!! : 

Peristalsis  (€7.6) : 

Circulation  and  Respiration  (67.6): 

No.  39.  Nlcotln. 

Vagus  (50.  11—67.?): 

Peristalsis   (67.7) : 

Circulation  and  Respiration   (51.2 — 677): 

Vessels  (Ji.2)  : 

General  sVmpto!n5,  Frog  (42.  II  a!!d  III) : 

Mammals  (24-  III— Si-2): 
Glands  {24.  Ill  — 55.4): 
Pupil  (51-2-67.7)  t 
Muscle-Nerve  (42.  11): 
No.  30.  Atropin. 
Glands   (52-3  —  55.3  and  4); 
Pupil  (52.3  —  54-1—67.8): 
Vagus  (so.  1-52.3-67.8): 

Circulation  and  Respiration   (52-3  —  61-6  — 67.8): 
General  Symptoms   (28.1  —  S2.3)  : 
Peristalsis   (07.5  and  8)  : 
Idiosyncrasy   (28.1): 
Antagonism   (55.3,  etc.)  : 
No.  31.  Ai'ienic. 
Alimentary  Canal   (32.3  —  67.9): 
Kidney  (33.1): 
Blood  Pressure   (67.9)  : 
No.  33.  Salf-Actlon. 

Kidney  and   Urine   (23.3  — 65.I  —  70.I  and  2): 
Muscle  (46.  1  and  III) : 
Heart  (46.  IV): 
Nerve  (46.  11)  : 
Peristalsis  (46.  V— 67.2): 
Blood  (22  —  23.2): 
Absorption  (63.1)  : 
No.  33.  Calcium. 
Kidney  and  Urine  (70l3)  t 
Muscle  (46.  Ill)  : 
Peristalsis  (46.  V) : 
No.  34.  Citrate. 
Kidney  and  Urine  (23.3 — 704)  : 
Muscle  (46.  Ill) : 
Peristalsis  (46.  V)  : 

No.  35-  Circulation  on  Kidney  (69  —  70.5). 
Arterial  Pressure : 
Venous  Pressure: 
Ureter  Pressure : 
No.  36.  Hydrocyanic  Acid. 
General   Symptoms   (24.  Ill): 
Nerve   (43-  IV)  : 

Kidney  Vessels  and  Urine  (71.2  —  72.5): 
Oxidation  (72.5)  : 
Hemoglobin   (21) ; 
No.  37.   Normal  Sallt!*  Solution. 
Circulation  and  Respiration   (58.7 — 62.1  —  6s-i>: 
In  HemorrhaRe  (65-4)  : 
Heart  (46.  IV)  : 
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Moimal  Saline  Solution : 

Kidney  and  Urine  (65.1  and  4  —  ?a-3) : 

Absorption  {63.1): 

No.  38.  Nitrites. 

Peripheral  Vessels  (51.5  — ?33)i 

Circulation  and  Respiration  (S3-S  —  59-i)  : 

Hemoglobin   (21); 

Saliva   (27.1)  : 

No.  39.  Barium, 

Peristalsis   (46.  V  — 674): 

Vessels   (71.5  —  73.6): 

Heart  (49): 

Circulation  and  Respiration  (85^) : 

Urine  (65.6-71.5); 

Muscle   (46.  ni)  : 

No.  40.  Suprarenal. 

Vessels   (27.3  —  51.4  — 7M  —  ?3-2) : 

Heart  (49—7+4): 

Circulation   (and  vagus)    (58.7  —  59.3  —  6.3.6): 

Urine  (71. i)  r 

Glycosuria  (34-3)  ■ 

Absorption   (24.  VH): 

No.  41.  Potaasium. 

Heart,  Frogs  (49) : 

Mammalian  (74-5) : 
Muscle  (45.  I): 

Circulation  and  Respiration  (63.5) : 
No>  43.  Camphor. 
Motor  System  (39.  Ill)  : 
Heart  (49—74.6)  : 
No.  43-  Strychnin. 

General  Symptoms  (24,  I,  IV,  V  — 29)  : 
Motor  System  (29-38.  1  —  39-  I  —  74-1  —  761): 
Rigor    (29—39  I  — 74-1): 
Heart  (49 — 76.1)  : 
Circulation  and  Respiration  (59.7  and  8 — 61.7  and  8 — 63.3); 

Therapeutic ; 

Treatment  (20) : 
Taste  (43.  II)  : 
Infusoria  (20.3) : 
Yeast  (30.2) : 
No.  44.  Calfeio. 
Heart  (49-— ?4-2  — 763)  : 

Circulation  and  Respiration  (29  VI — 61.3 — 63.4): 
Urine  (65.2—72.4); 
Muscle  (45. —  62.5)  : 

No.  4S-  Alcohol,    Bther,   Etbyl    Chlorid,   Chlorofonn.   Chloral. 
Urethane,  etc. 

Centra]  Nervous  System,  Consciousness,  Reflexes,  Respiration,  (len- 
eral  Grculation,  etc. — 

Frogs  (41.  II  to  IV) : 

Mammals  (40.  II  to  IV  — 58— 61.1)  : 

Heari,  Frogs  (49) : 
Mammalian  (74-3  —  76.3): 

Vessels  (71.4  —  73  5): 

Temperature  (29.  Ill  and  VI  — 36.1): 
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Alcohol,  etc. ; 

Cilia  («.  I)  : 

Seeds    (44.   11): 

Muscle   (45.  V  — 65.7)  : 

Treatment  (23.  Ill  and  VI  — 58): 
No.  46.  DislUlls. 
Heart,  Frogs  (49) : 

Mammalian   (74.7  —  75—76.3): 
Vessels   (si-3  and  S  — 71.3  —  72.6— 73-4) : 
Circulation  and  Respiration  (62.3)  :        Strophanthus  (62.4)  : 

Puls^'^'cMan)    (52.2); 
Idiosyncrasy  (28.2)  : 


CHAPTER  XXXIX. 
DOSES  FOR  ANIMALS. 

[The  drugs  are  arranged  alphabetically;  in  the  case  of  salts,  by  the 
more  important  ion.  In  the  case  of  crude  drugs,  the  dose  refers  to 
fluid  preparations.  The  "just  fatal"  doses  have  generally  been  worked 
out  with  considerable  accuracy,  but  may  vary  somewhat  with  different 
samples  of  the  poison,  and  with  each  lot  of  animals.  The  doses  marked 
with  an  asterisk  (•)  lave  been  confirmed  by  the  author;  the  others 
were  compiled  from  pharmacologic  literature.  Ex.  signifies  that  the 
drug  is  used  in  the  experiments  of  this  course.  The  reference  may  be 
located  by  consulting  the  guide  in  Chapiter  XXXVIII,  pages  940  to  945. 

AaniK.— Rabbit,  o.oi  mg.  X  K^.,  vein,  just  fatal.  Local,  eye:  just 
causes  not  dangerous  ophthalmitis. 

AcETANiLiD. —  Man,  0.3  Gm.,  mouth,  indophenol  reaction  in  urine, 
Ex.*  Dog.  Q.y  Gm.  X  Kg.,  stomach,  cyanosis  and  methemoglobine- 
mia, fatal  in  nme  hours.  Rabbit,  as  Gm.  X  Kg.,  stomach,  slowed  heart 
and  respiration,  paralysis  of  legs,  recovery  in  three  hours.* 

Acetate  Sodium. —  Man,  3.0  Cm.:  urine  becomes  alkaline  and  ef- 
fervesces with  acids  in  two  hours.  Dog,  35  c.c,  X  Kg.  of  1.94%  crys- 
tals, vein,  not  dangerous*;  3  Gm.  X  Kg,,  vein,  just  fatal,' 

Acid,  Hydrochloric— /?a6fei(,  i  Cm.  X  Kg,,  as  1%,  stomach,  slowed 
heart  and  respiration,  ascending  paralysis,  convulsions,  death  in  12  to 
45  min.*  Guinea  Pig,  10  to  50  c,c.  of  1%,  rectum,  slowed  heart  and 
respiration,  convulsions,  fall  of  temperature,  death  by  respiratory  fail- 
ure in  12  to  45  minutes,  early  rigor* 

Acid  Tartaric. —  Guinea  Pig.  0,1  Gm,  X  Kg,,  as  0.5%,  subcutaneous, 
reduces  alkalinitv  of  blood  for  experimental  purposes. 

Acid  Phosphate. Sodium  (or  Na.HPO.  +  H,PO.  till  Congo  paper 
is  blued). —  10%.  intravenously,  produces  acid-action  in  dogs  or  rab- 
bits. 

AcoiN,— Ijjcal  anesthetic,  'A  to  1%. 

Aconite, —  Dog,  0.04  Gm.  X  Kg,,  subcutaneous,  nausea,  ineoordinated 
movements,  irregular  heart  and  slowed  and  irregular  respiration,  con- 
vulsions in  25  minutes,  death  in  34  minutes,*  Anesthetized  dog,  0,015 
Gm.  X  Kg.,  vein,  therapeutic  dose,  blood  pressure,  Ex,',    0,10  Gm,  X 

<  For  fatal  doK  of  a  scric*  of  Sodium  SalU.  *«   SabbaUni. 
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Kg.,  vein,  fatal  (Cardiomyogratn)  Ex,'.  Anestketised  rabbit,  as  dog.* 
Guinea  Pig.  I  c,c.  of  50%,  subcutaneous,  fatal  in  i.i  minutes;  1  c.c.  of 
I ;  150  subcutaneous,  fatal.*  Frog's  heart,  local  application,  1 :  25,  Ep- 
ical action  (Ex.)*. 

aconiiin.— 

Petit.  .      Merck.       Eriedlan-       Sditsce 
Not 


<o.i   mjT.      <i.s  mfE.         >6  mg. 
X  Kg.  X  Kk.  X  Kk. 


X  Kg. 


<o.22  mg. 

X  Kk. 


<o.4  m.g      <i.    niK.     <200.  mg.  4  mg.  Just 

X  Decagr.     Fatal. 
o.i6nng.  Just 

X  Decagr.  Fatal. 

Acrolein. —  Mammals,  0.15  to  o^  Gm.  X  Kg.,  stomach,  just  fatal. 

AlWENALiN.— '/■»%,  local  vasoconstriction*  Ex.  Revival  of  heart. 
50  c.  c.  XKg.  of  1:50,000  normal  salt,  vein,  Ex.*  Anesthetized  Dog, 
a03  to  O.OS  mg.  X  Kg.,  vein,  ordinary  dose,  Ex.*  Chlood  pressure). 
0,001  causes  14  mm.  of  rise.  Rabbit,  1  to  2  mg,,  subcutaneous,  glycos- 
uria in  a  few  hours,  (Ex.*).  0.4  to  0.5  mg.  X  I^.,  intramuscular,  blood 
pressure.  Fatal  Dose'  Dog,  i  to  2  mg.  (o.i  to  0,25  mg.)X  Kg.,  vein, 
5  to  6  mg.  X  K|!,,  subcutaneous ;  Rabbit.  0,4  mg.  X  Kg.,  femoral  vein ; 
0.2  mg.  X  Kg.,  jugular  vein;  Guinea  Pig,  0.1  to  0.2  mg.  X  Kg.,  vein; 
Cat,  0.5  to  0.8  mg.  X  Kg.,  vein. 

AcvKiii.— Rabbit,  0.4  Gra.  X  Kg.,  stomach,  diuretic*;  So  mg.  X  Kg., 
vein,  diuretic,  Ex.*. 

Albumose. —  Rabbit,  3  to  5  c.c.  of  20%,  subcutaneous,  rise  of  tem- 
perature to  40.3°  C,  Ex.* ;  Dog,  0,3  to  0.6  Gm.  X  Kg.,  vein,  renders 
blood  non-coagulable   (•), 

Alcohol  (Ethyl), —  Man,  10  Gm.,  mouth,  first  increases  then  de- 
creases muscular  work ;  Mammals.  0.25  to  0,75  c,c,  in  6  to  25%  sol., 
increases  respiration;  25%,  vein,  does  not  coagulate  blood  (•)  ;  Rabbit, 
10  c,c,  X  Kg  of  50%,  stomach,  paralytic  stage,  Ex.  (Antidote)  (*)  ; 
towers  hyperpyrexia ;  2,5  to  4  Gm,  X  Kg,,  narcotic,  recovery  in  i  to  2 
hours ;  4.5  to  6,  recovery  in  6  to  to  hours ;  6,25  to  7.2.';.  iust  fatal ;  Cat. 
4  c.c.  X  Kg.,  peritoneum  (as  40%),  coma,  not  fatal  (*)  :  8  cc  (in 
two  doses,  6  hours  apart),  coma  lasting  2'/,  days,  ending  in  death  (*). 
Guinea  Pigs.  4  cc.  X  Kg,,  peritoneum,  coma,  not  fata!  (•),  Frogs, 
0,3  cc,  subcutaneous,  ordinary  dose ;  0.6  c.c,  fatal  dose.  Anesthe- 
tized Dogs.  35  c-c.  per  Kg,  of  3%,  vein,  not  fatal  (•)  ;  25  c.c.  of  50%, 
stomach,  fall  of  blood  pressure,  not  fatal  {•).  Excised  mammalian 
heart,  0,13  to  0,3%,  stimulant;  above  1%,  depressant. 


.dbyGoogle 


ACONITE   TO   APOMORPHIN.  947 

Aixx)HOLs,  HiCHEE.— Ka66i/,  stomach,  Gra.  X  Kg.: 

Recoveky  Recovery  Just 

IN  I  TO  2  IN  6  TO  10  Fatal. 

Hours,  Hours. 

Methyl  3.2  to  5.2  5.6    to  6.9  72    to  9.02 

Ethyl  2.5  to  4.1  4.45106.15  6.2s  to  7,44 

Propyl 1.6  to  24  2.58  to  2.96  3.0    to  3.46 

Butyl  r.o  to  1.5  1.65  to  2.0  2.1    to  a. 44 

Amyl  0.83  to  I.I  I.2S  to  1.66  1.7    to  1.95 

AixuBON     Suspension.— SubcuUneousIy,    aseptic    inflammation    in 
mammals. 
Alk/lLows  — Local  doses:    Eye,  '/%»%   to  1%:    heart,  muscle,  and 

nerve.  ■/«  to  H%  C). 

Aloin. —  Rabbit,  2  to  4  c.c  of  warmed  5%  aqueous,  subcutaneously ; 
temporary,  acute  diffuse  nephritis  (*)  Ex.  Doses  above  4  c.c.  are 
apt  to  be  falal ;  continued  use  causes  contracted  kidney. 

Alum. — 0.25  to  0.5%  introduced  into  iniestine,  retards  absorption. 

Aluminum  (calculated  as  metal).— Just  fatal  dose,  subcutaneously. 
Frog,  i2-i6  mg. ;  Rabbit,  i6o  mg.  X  Kg. ;  Cat,  150  mg.  X  Kg. ;  Dog, 
130  mg.  X  Kg. 

Ammonia,  Inhalation.— Rai6»t,  Ex.  (*)  (Respiration);  Dog,  in- 
creased heart  rate,  slight  rise  of  pressure,  slowed  but  deepened  res- 
piration (•). 

Ammonium  Carbonate.— ZJo^,  20  c.c.  of  5%,  stomach,  emetic  Ex.; 
Rabbit,  0.4  Gm.  X  Kg.,  subcutaneously,  convulsions ;  Frog,  0.025  Gm,, 
subcutaneously,  convulsions. 

Ammonium  Chlorid, —  Anesthetized  Dog  or  Rabbit,  15  c.c.  X  Kg. 
of  1%,  vein,  increased  blood  pressure  and  respiration;  sometimes  con- 
vulsions; recovery  (*).  Ex.  o.i  Gm.  X  Kg.,  vein,  increased  respira- 
tion; 10  to  40  mg.  X  Kg,,  vein,  little  effect  (♦). 

Amyl  Nitrite. —  Anestheliscd  Dog,  inhalation,  fall  of  blood  pres- 
sure and  quickened  heart,  Ex.  (*) ;  Man,  flushing,  increased  heart, 
Ex.  (♦). 

Anesthesin. —  Just  fatal  doses  1  Dog,  04  Gm.  X  Kg.,  vein;  Rabbit, 
I. IS  Gm.  X  Kg.,  stomach;  Guinea  Pig,  0.90  Gm.  X  Kg.,  peritoneum. 

Anilin. —  Frog.  2  drops  in  mouth,  cause  incoordination,  convul- 
sions, paralysis,  stoppage  of  heart  in  10  minutes  (*). 

Antiakin.— 0.0s  to  01  mg.  (local?)  just  stops  the  heart  of  Rana 
esculenia,  0.004  of  R.  temporaria. 

Antimony  and  Potassium  Tartrate. —  Dog,  0.1  to  0,4  Gm,,  stom- 
ach, emetic,  Ex.  (•)  ;  Rabbit.  0.15  Gm.  X  Kg.,  as  2,5%,  vein,  fatal  in 
24  hours. 

Antipyhin  (as  Acelanilid).— RodWt,  O.I  Gm.  X  Kg.,  stomach,  anti- 
pyretic, Ex.  (');  metabolism,  Ex. 

Apocodein  Hydrochlobid  (Paralysis  of  nerve-cells  and  endings, 
particularly  vasomotor).— Tcm,  40  to  SO  mg.  X  Kg,  (as  1%);  iocd, 
1%:  perfusion,  injecl  2  c.c.  of  1%. 

Apocynum. —  Dog,  0.2  Gm.  X  Kg.,  stomach,  emetic  (•);  Anesthe- 
tized Dog,  0.35  Gm.  X  Kg.,  subcutaneous,  slowed  heart  and  rise  oi 
blood  pressure  (•)  ;  Guinea.  0.1  to  0.25  Gm.  X  Kg,,  subcutaneous,  no 
effect ;  0.3  to  0.35,  paralyzed,  but  recovery ;  0.4  to  as,  convulsions, 
death  in  2  to  S  hours  (•)  ;  Frogs,  o.s  mg.  X  Gm„  no  effect:  1.2  just 
falal  in  15  hours  (•).    Frog's  heart,  loml,  i  ■  50,  slows  and  stops  {*). 

Apomorphin  HvDROCHtoRiD. —  Dog,  10  mg.  (2  mg.  XKg.),  subcu- 
taneous, emetic  Ex.  (*) ;  Rabbit.  10  mg,,  subcutaneous,  excitement 
Ex.   (♦)  ;  Frog's  hearty  1:200,  local,  slows  and  paralyzes   (*)  ;   fVhile 
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Arsenate  of  Sodium.— Guinea  Pie,  0.3  tng.,  subcutaneous,  diar- 
rhea in  SO  minutes,  fatal  (*)  ;  Anestketieed  Rabbit,  as  to  50  mg.  X 
K^.p  vein,  fall  pressure,  enteritis,  Ex.  (•).  Rabbit,  10  mg.  X  Kg.,  sub- 
cutaneous, nephritis,  Ex.  (*) ;  5  c.c.  of  5%,  subcutaneous,  fatal, 
Ex.  ('). 

Arsenic  (Fowler's  Solution).— Stomach,  Rabbit,  0.6  c.c.  X  Kjt.,  may 
be  fatal  inside  of  12  hours;  i.S  c.c.  may  be  survived;  Dog,  I  c.a  X 
Kg.,  vomiting,  may  be  fatal ;  3.5  c.c.  may  be  survived ;  if  vomiting  is 
prevented   by   morphin,  0.5   cc   to    i   c.c.   may   be   fatal    inside   of    13 

AsfiDOSPBHUiK.— Dog,  2.5  to  8  mf .  X  Kg.,  bypodermic  or  intra- 
venous :  increase  of  respiration. 

AnLOPiN  Salts. —  Dog,  0.2  mg.  X  Kg.,  subcutaneous;  not  toxic;  ef- 
fect on  pupil  and  heart  (*)  ;  10  mg.  X  Kg.,  vomiting  (*)  ;  4  to  80  mg. 
X  Kg.,  severely  toxic,  but  not  fatal,  Ex.  (•) ;  just  fatal  lies  between 
ao  and  400  mg.  Cat,  hypodermic,  mg.  X  Kg. :  0.02,  no  eflfect  on  pupil ; 
0.04,  good  dilatation;  0,05,  just  paralvzes  vagi.  Rabbit,  survives  0.5 
to  I  Gm.  X  Kg.,  subcutaneous.  Anesthetised  Dogs,  1  mg.  X  Kg.,  sub- 
cutaneous, paralyzes  vagi  and  dilates  pupil ;  other  effects  not  severe, 
Ex.  {•).  Aneslhetiged  Rabbit,  10  mg.  X  Kg.,  subcutaneous,  paralyzes 
vagi  in  six  minutes ;  4  mg.  X  Kg.,  vein,  still  active  peristalsis ;  10  mg. 
XKg.,  arrests  peristalsis,  Ex.  (■)  ;  Local  '/iij%  to  1%,  dilates  pupil, 
Ex.  (*),  and  arrests  peristalsis.  Ex.  (*).  Gainea  Pigs,  0.5  to  0.7  Gm. 
X  Kg.,  subcutaneous,  just  fatal.  Rat,  2.5  Gm.  X  Kg.,  subcutaneous, 
just  fatal;  0,5  Gm,,  restlessness  and  excitement;  o.i  Gm.,  only  dilata- 
tion of  pupil  and  loss  of  appetite.  Frog,  i  mg,  little  effect ;  2  mg. 
(per  20  Gm.),  motor  depression  with  recovery;  to  mg.  per  20  Gm., 
fatal  50  mg.,  ordinary  dose;  100  mg.,  fatal  (*).  Fro^s  heart,  local, 
'/n%,  paralyzes  vagus  (•);  i;  1,000  arrests  secretion  of  mucus  from 
Frog's  skin  (*). 

Barium  Carbonate. — Doe.  4  Gm.,  stomach,  fatal. 

Barium  Chloric. —  Anesthetized  Dog,  20  mg.  X  Kg.,  vein,  ordinary 
dose  (*).  Local,  intestine,  Ex.  (").  Frog's  heart,  i;io(^  digitalis 
action.     Perfusion.  Ex.   (•>- 

BELLAmtin A.—  Anesthetized  Dog,  0.05  Gm.  X  Kg.,  subcutaneous,  or- 
dinary dose. 

Benzoic  Acid. —  Frog,  i  mg.  X  Gm.,  subcutaneous,  toxic ;  2.5  mg.  X 
Gm.,  fatal  in  3  hours. 

Berberin. —  Dog,  2  to  20  mg.  X  Kg.,  vein,  diminished  excitability 
of  vagus.    Frog,  10  mg.,  subcutaneous,  vagus  paralyze^  beyond  ganglia. 

Beryllium  (calculated  as  metal). —  Just  fatal  dose,  subcutaneous 
Frog,  8-9  mg.  X  Kg. ;  Cat,  2  mg. ;  Rabbit,  3  mg. 

Bichromate  Potassium. —  Dog,  0,06  to  04  Gm.,  stomach,  fatal; 
Rabbits,  30  mg.  X  Kg.,  subcutaneous,  nephritis  in  24  hours,  confined 
almost  exclusively  to  the  convoluted  tubules,  Ex.   (*). 

Boric  Acw.— Dog,  up  to  3  Gm.  per  day,  or  Borax  to  s  Gm.,  no 
effect. 

Bruon  Hydrochlorid. —  Subcutaneous,  Dog.  4,25  mg.  X  Kg.,  exag- 
gerated reflexes  ("  Schreckhaft  ")  ;  4,5.  convulsions;  7.5  teUnic.  Rab- 
bit, 6.25,  Schreckhaft;  7.5.  convulsive;  8.6,  tetanic;  18.5.  just  fatal. 
Pigeon,  6.0,  Schreckhaft;  26.5.  convulsive;  42.2.  just  fatal.  Mouse. 
40.3,  convulsive;  108.2,  just  fatal.  Dog.  per  rectum,  4.0,  no  action; 
4.25  to  16.0.  Schreckhaft:  17  to  18,  tetanic. 

Cadmium  Salts. —  Dog  (large),  0.03  Gm.,  subcutaneous,  fatal.  Rab- 
bit. 0.02  to  0.04  Gm.,  Stomach,  fatal.     Frog,  i  mg.  X  Gm.,  fatal. 

Caffein  Citrated. —  Man.  0,1  Gm.,  for  ergograph;  aso  Gm.,  max- 
imal   diuretic.    Dog,    i    Gm.  X  Kg.,    hypodermic,    fatal.    Anesthetiaed 
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Dog,  10  tng.  X  Kg,,  subcutaneous,  diuretic  (*) ;  10  itig.  to  ao  mg'.  X 
Kg.,  vein,  accelerated  heart,  without  increase  of  strength,  Ex,  {*), 
(myocardiogram),  respiration  increased ;  20  mg,  often  tremors;  50 
mg,  X  Kg.,  vein,  acceleration  of  heart  with  weakening  of  auricles  (*); 
100  to  200  mg,  X  Kg.,  vein,  tetanus,  weakening  of  heart ;  often  death 
{•)  ;  inta  artery.  10  c.c,  of  1%,  rigor  (*).     Rabbit,  about  as  for  Dog; 

4  to  10  mg.  X  Kg.,  stimulates  vagus  center;  30  mg.  X  Kg,,  subcu- 
taneous, increased  respiration,  Ex.  (•)  ;  20  mg.  X  Kg.,  subcutaneous; 
aritidote  to  alcohol,  Ex.  (').  Frog,  10  mg.,  ordinary  dose  (toxic 
rigor).  Ex,  (•)  ;  fatal  dose,  15  mg.  (•).  Frog's  Muscle  and  Heart, 
Ex..  '/»  to  1%  ('), 

Calabarin. —  Rabbit,  20  mg,  X  Kg.,  subcutaneous,  convulsions,  fatal. 

Calcium  Chlorid. —  Dog,  i  Gm.  X  Kg.,  vein,  ordinary  dose.  Frog's 
tiuticte,  ^%,  paralyzes  (•>. 

Calomel. —  Dog,  0.4  Gm,,  stomach,  therapeutic  dose.  Rabbit,  5  to 
10  rag.  X  Kg.,  subcutaneous  or  vein,  diuresis  without  albuminuria; 
death  by  gastroenteritis    (dissolved   in  sodium  hyposulphite,   I   c,c^ 

5  nig-). 

Camphor. —  Rabbit,  2  Gm.  in  oil,  subcutaneous  or  stomach,  convul- 
sions, Ex.  (•) ;  5  Cm.,  periodic  rise  and  fall  of  blood  pressure;  vein, 
I  to  2  c.c,  of  solution  of  camphor  1,  alcohol  40,  water  to  100,  cardiac 
effect.  Dog,  4  Gm,  in  oil.  stomach,  convulsions  (•),  Frogs.  0.1  Gm., 
subcutaneous,  paralyses,  fatal.  Perfusion  of  heart,  2  to  15%  of  the 
saturated  solution. 

Cane  Svcar.—  Rooster,  10  gm.  X  K^.,  into  pectoral  muscles,  bluing 
of  comb  in  ;4  to  14  hotir. 

Cannabis  Indica. —  Dog,  i  Gm.  X  Kg.,  stomach,  ordinary  dose.  Ex. 
{*);  subcutaneous,  little  effect  (•).  Anestketieed  Dog,  I  Gm,  X  Kg., 
■subcutaneous,  quickened  heart  and  rise  of  pressure  (*).  Rabbits, 
Guinea  Pigs,  and  Frogs,  above  dose  has  practically  no  effect  (*). 

Caktharidin. —  Man,  0.15  mg.,  local,  vesicant;  0.2  mg.,  stomach,  al- 
buminuria ;  30  mg.,  stomach,  fatal.  Dog.  10  mg.,  fatal.  Dog  or  Rab- 
bit, 5  mg.  X  Kg.  (in  acetic  elher),  hypodermieally  albuminuria  in  ten 
minutes,  nephritis  involving  all  structures,  Ex.  (*) ;  0,1  to  1  mg.  X  Kg., 
slight  nephritis  involving  only  glomeruli. 

Carbouc  Acin.— Dog.  2  to  3  Gm.  X  Kg.,  subcutaneous,  just  fatal 
(immediate  convulsions,  collapse,  fall  of  temperature).  Cat,  0.09  Gm. 
X  Kg.,  as  2,5%,  subcutaneous,  just  fatal.  Rabbit,  0.1  Gm.  X  Kg.,  hy- 
podermic, toxic:  0.55  10  0.6  Gm.  X  Kg,,  stomach  or  subcutaneous^ 
surely  fatal  in  '/i  to  3'/i  hours.  Guinea  Pig,  0,4  to  o.ss  Gm.  X  Kg., 
subcutaneous,  just  fatal.  While  Mice,  0,35  to  0.6  Gm,  X  Kg.,  subcu- 
taneous, just  fatal.  Frogs,  1  to  6  mg.  X  Dgm.  (as  5%),  subcutaneous, 
just  fatal.  Guinea  Pigs,  intraperitoneal,  0,5  Gm.  X  Kg.  (as  2.5%), 
just  fatal  in  10  to  20  minutes.  0.25  Gm,  in  36  to  48  hours.  Frogs, 
placed  in  1:5,000  to  1:1.000;  fatal  (•),  Aneslhetised  Dog,  50  mg.  X 
Kg.,  vein,  toxic  effects.  Ex.  (blood  pressure)  (*)  ;  stomach,  1  c.  c,  X 
Kg.,  concentrated  or  dilute,  severe  fall  of  blood- pressure,  death  after 
several   hours,   recovery   by   lavage    (•). 

Carbon    Disulpmid, —  Inhalation,   like  chloroform. 

Cathartics. —  Dog.  Ex.  31. 

Ceph^mn. —  Man,  5  to  10  mg..  mouth,  emetic.  Mammals,  30  mg,  X 
Kg.,  subcutaneous,  just  fatal.  Dog,  1  mg.  X  Kg.,  stomach  or  subcu- 
taneous, just  emetic  in  !^  to  2  hours. 

Cerium  (calculated  as  metal). —  Just  fatal,  subcutaneous.  Frog,  15 
to  20  mg.     Rabbit,  20  to  25  mg, 

Cevadin  (•). —  Rabbit,  subcutaneous,  6  mg.  X  Kg.,  largest  dose  with 
recovery ;  3  mg.  X  Kg.,  smallest  dose  with  death  (pain,  nausea,  rapid 
respiration,  leaps,  convulsions,  death  in  20  minutes  to  four  hours  by 
paralysis  of  respiration) ;  stomach,  10  mg.  X  Kg.,  fatal  in  33  minutes 
to  several  days,  corrosion  of  stomach. 
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Guinea  Pig,  same  effects,  3  to  6  mg-.  X  Kg.,  fatal  in  17  to  43  miii' 

utes. 

Chloral. —  Dog,  stomach,  6  Gm.,  anesthetic.  Cat,  stomach,  0.15  Gm. 
X  Kg.,  just  fatal.  Rabbit,  0.3  Gm.  X  Kg.,  rectum,  anesthetic,  Ex.  (•)  ; 
0.6  Cm.  X  Kg.,  stomach,  anesthetic,  Ex.  (•)  (Antidote,  Ex.  (■)>; 
Temperature,  Ex.  (')  ;  0,6  Gm.  X  Kg.,  stomach,  to  obtain  diuretic  ef- 
fect of  caffein.  Frog,  subcutaneous,  0.05  Gm.,  narcosis;  o.i  Gm.,  fatal. 
Anesiheiized  Dog,  0.5  Gm.  X  Kg.,  vein,  fall  of  pressure  and  tempera- 
ture, we.ikened  and  quickened  heart  (*). 

CHLOHArE  OF  Potassium.—  Rabbit.  4  Gm.  X  Kg.,  stomach,  dies  in  4 
hours  after  convulsions,  with  respiratory  paralysis;  blood  brown. 

Chloretone.— Dog,  60  to  300  c.c.  of  saturated  watery  solution,  stom- 
ach, after  morphin,  anesthetic;  0.2  to  0.25  Gm.  X  Kg.,  mouth,  1^  hours 
before  operation,  anesthetic ;  0.02  Gm.  X  Kg.,  of  morphin  hypod.  and  0,2 
Gm.  X  Kg.  chloretone  in  alcohol  by  stomach,  after  morphin  vomiting, 
anesthetic.  Rabbit,  16  c.c.  of  saturated  watery  solution  X  Kg.,  rectum, 
anesthetic,  often  fatal  (*)  ;  0.25  Gm.  X  Kg.  in  alcohol,  rectal,  fatal  in 
4  hours;  0.15  Gm.  X  Kg,,  anesthetic  dose,  Atiesthetised  Dog.  0.5  c.c. 
X  Kg.  of  saturated  watery  solution,  vein,  weakened  heart,  quickened 
rate,  fall  of  pressure  (*). 

Chlorid  of  Sodium  (•). — 0.9%.  Anesthelized  Mammals.  2$  to  100 
c.c.  X  Kg.  (warm),  vein,  ordinary  dose,  blood  pressure,  respiration, 
Ex.;  diuresis,  Ex.  (♦). 

Chlorid  OF  Sodium  (•). — 101033%  (saturated)  solution;  Anesthet- 
ized Mammals,  vein,  death  in  4  to  5  minutes,  after  10  to  30  c.c.  X  Kg. 

Chloroform. —  Frog,  subcutaneous,  0.3  c.c.  ordinary  dose;  0.45  c.c. 
fatal   dose;   rigor,   5   c.c.   peripherally   into   femoral   vein   of   mammals 

Chloroform  (*). —  Saturated  solution  in  normal  salt:  Mammals.  2 
to  5  c.c.  X  Kg,,  vein,  slowing  and  weakening  of  heart,  larger  doses 
paralysis.  See  Grehant  anesthesia,  index.  Frog's  Heart,  Ex.  (•),  aat- 
uraled  solution  stops. 

Chromate  of  Potassium, — Rabbit,  o,a  to  o.^  Gm„  subcutaneous,  or 

2  Gm.,  stomach,  fatal.  Birds  (artificial  deposit  of  uric  acid)  :  Pigeons, 
10  mg.     Hens,  lO  to  20  mg,,  subcutaneous,  repeated  several  daj^. 

CiNCHONiDiN  ('), —  Frog,  0,03  Gm,,  subcutaneous,  paralyzes  in  some 
hours  without  convulsions. 

Citrate  Sodium  (crystals),— Dog,  vein,  0.37  Gm,  X  Kg.,  just  fatal. 
Frog,  subcutaneous,  4  to  s  mg,  X  Gm,,  just  fatal. 

Cobalt  Nitbate,—  Subcuianeous,  Rabbit,  Dog,  Cat,  40  mg.  X  Kg., 
some  paresis  and  urinary  changes ;  50  to  75  mg.  X  Kg,,  just  fatal. 
Pigeon,  5  to  10  mg.  X  Kg.,  just  fatal.  Frog,  18  to  40  mg.  X  Dgm.,  iust 
fatal. 

CocAiN  HvDROCHLOBiD  —  Dog,  subcutancous,  2.5  mg.  X  Kg-.,  raises 
temperature  by  0.2  to  0.5°  C.  for  2  hours ;  10  mg.  X  Kg.  by  i  to  2'  for 

3  to  4  hours;  20  mg.  X  Kg.,  2  to  4°  for  6  to  7  hours;  15  to  20  mg.  X 
Kg.,  emesis,  mydriasis,  convulsions  and  paralysis,  with  recovery;  25 
mg.  X  Kg,,  sometimes  fatal ;  80  mg.  X  Kg.,  sometimes  recovery.  Rab- 
bits, subcutaneous,  ao  mg.  X  Kg'.,  ordinary  dose  for  hyperpyrexia,  Ex. 
(0.2s  to  0.8°  in  I  to  3  hours)  (•)  ;  30  mg,  X  Kg,,  slight,  trembling;  50 
mg,  X  Kg,,  considerable  rise  of  temperature ;  60  mg.  X  Kg,,  convulsions, 
paralysis,  recovery;  100  mg.  X  Kg,,  sometimes  fatal;  130  mg,  X  Kg., 
sometimes  recovery;  540  mg.  X  Kr.,  surely  fatal,  Guinea  Pig.  60  mg. 
X  Kg.,  subcutaneous,  j  ust  fatal.  Frog,  subcutaneous,  o.s  mg.,  ordinary 
dose;  3  mg.,  fatal.  Local.  1%.  vasoconstriction,  Ex.  (•)  ;  teihporary 
paralysis  of  nerve-trunk,  Ex.  (•).    Eye.  1%,  Ex.  (•), 

CoccULUs. —  Dog.  0,4  Gm.  X  Kg.,  subcutaneous,  fatal.  Frog.  2  mg. 
X  GtiL,  ordinary  dose. 
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CoDEiN, —  Rabbit,  10  mg.  X  Kg.,  subcutaneous,  maximum  therapeutic 
effect  on  respiration;  60  mg.  X  Kg.,  subcutaneous,  just  fatal. 

CoLcHicuM  Root  (♦). —  Dog,  stomac}),  0.25  Gm.  X  Kg,,  vomiting  and 
diarrhea;  I  Gm.  X  Kg.,  fatal,  Ex.  (*).  Guinea  Pig,  0.3S  Gm.  X  Kg., 
subcutaneous,   just   fatal    (*). 

CoLCHicuu  Seed   (•). —  One-half  the  above. 

CoNUN. —  Subcutaneous,  Cat,  0.4  Gm.,  fatal  inside  of  one  hour;  O.05 
Gm.  in  9  hours.  Rabbit,  90  mg,  X  Kg.,  fatal.  Pigeon,  40  mg.  X  Kg., 
fatal.  Mouse,  75  mg.  X  Kg,,  fatal  (the  paralytic  dose  is  about  ^  of 
the  faUl). 

CoNiUM  (■).— Subcutaneous,  Dog,  0.5  Gm.  X  Kg.,  no  effect. 
Guinea  Pig,  0.5  Gm.  X  Kg.,  just  fatal.  Whtie  Rat,  40  Gm.  X  Kg,,  just 
fatal.  Frog,  0.06  Gm.  X  Gm.,  just  fatal.  Anesthetized  Rabbit,  5  Gm. 
X  Kg,,  slight  effects.    Frog's  heart,  i :  10,  local,  arrests. 

CoNVALLARiA  (•). —  SubcutBiieous,  GHtneo  Pig,  0.08  Gm,  X  Kg.,  just 
fatal.  Rat,  32  Gm.  X  Kg.,  just  fatal.  Frog,  0.26  mg.  X  Gm„  just  fatal. 
Frog's  heart,  local,  1:50,  digitalis  action. 

Copaiba. —  Matt,  urine,  1.0  Gm,  Ex.  (■). 

Copper  Salts  (Copper- sodium  tartrate). —  Fatal  doses  (as  CuO)  : 
Frog,  'A  to  3  mg. ;  Rabbit,  50  mg.  subcut.,  10  to  15  mg.,  vein.  Dog, 
0.4  Gm.  subcut. ;  25  mg,,  vein. 

Copper  Sulphate  (*). —  Dog,  50  c.c  of  1%,  stomach,  vomiting  in  12 
min.,  Ex. 

CoHiAMYBTiN,.—  Subcutancous  (convulsions).  Dog,  0.15  mg.  X  Kg,, 
,  recovers.  Cat.  0.25  mg.  X  Kg,,  fatal.  Rabbit,  0,75  mg.  X  Kg.,  recov- 
ery,   Guinea  Pig,  2.5  mg.  X  Kg.,  fatal.    Frog,  o.i  mg.,  fatal, 

CoRNunu  Citrate. —  Subcutaneous,  Dog,  3  to  4.5  mg.  X  Kg.,  trem- 
bling, recovery ;  0.5  mg.  X  Kg.,  vomiting,  diarrhea,  paralytic  symptoms. 
Cat,  7  mg.  X  Kg.,  recovery.  Guinea  Pig,  15  mg.  X  Kg.,  convulsions, 
recovery.  Rabbit,  0.1  mg.  X  Kg.,  vein,  rise  of  blood  pressure ;  30  mg. 
X  Kg.,  convulsions,  death. 

Curare.—  Anestheiieed  Mammals,  I  c,c.  of  ^%  X  Kg.,  vein,  every 
10  minutes,  Ex.  (").    Frogs,  o.i  to  SO  mg.,  subcutaneous,  Ex.  {•). 

CURAKiN. — Anesthetized  Mammals.  0.5  to  3  mg.  X  Kg,,  vein.  Prog, 
subcutaneous,  0.00025  to  0.001  mg.  X  Gm.,  normal  dose. 

Cyanid  op  Potassium.— Moh,  0.05  Gm.,  mouth,  fatal.  Rabbit,  1.9 
mg.  X  Kg.,  subcutaneous,  just  fatal;  less  than  T  mg,-.  no  effect.  Pigeon, 
subcutaneous,  1.5  to  2.4  mg.  X  Kg.,  just  fatal.  Mouse,  44  mg.  X  Kg., 
subcutaneous.Just  fatal. 

Cytisin.—  Cat,  30  to  40  mg-,  subcutaneous,  fatal. 

Delphinin  (Heyl). —  Dog  or  Cat,  0.03  to  0.1  Gm.,  fatal.  Rabbit,  7S 
mg.  in  S%  solution  (i.S  c.c.)  paralyzes  vagus  endings  without  acting  on 
heart-muscle  or  depressor. 

Digitalis. —  Dog,  0.2  Gm.  X  Kg.,  subcutaneous,  slowing  of  heart 
(•).  Guinea  Pig.  0,2  to  3  mg.  X  Kg.,  subcutaneous,  just  fatal  (•). 
Frog,  04  mg.  X  Gm.,  into  thigh,  causes  systolic  standstill  in  2  hours; 
0.7  to  10  mg,  X  Gm.,  subcutaneous,  just  fatal  (•) ;  04  c.c.  of  Tr.  subcu- 
taneous, constricts  vessels  of  foot.  Ex.  (*).  Anesthetised  Mammals, 
0.4  Gm.  X  Kg.,  vein  (as  4%  infus.),  ordinary  dose,  all  stages,  Ex.  (*). 
Fro^s  heart,  local.  2%  to  10%,  arrests,  Ex.  (•).     Perfusion,  Ex.  (■•), 

DiGiTAUN  OH  DiciToxiN. —  Anesthetized  Dog,  i  to  s  "IB-  X  Kg.,  vein, 
all  stages.    Frog.  3  mg..  subcutaneous,  fatal. 

DioNiN. —  Rabbit,  subcutaneous,  6  mg.  X  Kg.,  maximum  therapeutic 
effect  on  respiration:  100  mg.  X  Kg.,  fatal;  conjunctiva,  IO%  or  powder, 
edema,  Ex. 

DiURETiN,—  See  Theobromin. 

Elaterium.— ZJo^.  4  mg.,  stomach,  no  effect  (•). 

Emetin. —  Man.  10-20  mg.,  mouth,  emetic.  Dog.  1%  mg.  X  Kg,,sub- 
'     t  emetic.    Mammals,  0.1  Gra.  X  Kg.,  subcutaneous,  or  0,0a 
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rag.  to  20  mg,  fatal.    Local,  Dog's  conjunctiva,  1:500  irritant. 

Ebgot  ('). —  Rooster,  2  to  5  Gm.,  mouth  or  sobcutaneous,  blackening 
of  comb  in  J4  to  2  hours.  Ex.  (•).  Guinea  Pig,  8  Gm.  X  Kg.,  subcu- 
taneous, just  fatal.  Frog,  50  mg.  X  Gm.,  subcutaneous,  just  fatal.  An- 
eslketixed  Dog,  0,02  10  0,04  Gm.  X  Kg.,  vein  (therapeutic  dose)  ;  fall 
of  blood  pressure,  with  compensatory  rise  to  a  trifle  above  nonnal,  (•) 

Ether. — Dog,  anesthesia,  Ex.  (•).  Axestketised  Dog,  hypodermic, 
S  c.c,  slight  fall  of  blood  pressure  (•).  Frog,  hypodermically,  ordi- 
nary dose,  0.3  c.c;  fatal  dose,  0.6  c.c.    Frog's  heart,  Ex.  (■). 

Eye.— Alkaloids  on,  local,  '/»  to  1%,  Ex,  (•). 

Ferrocvanid  of  Sodium. —  Dog,  vein,  35  c.c.  X  Kg.,  of  7.43%  crystals, 
not  fatal  (•). 

Ft-UORID  OF  Sodium.—  Dog,  0.05  to  0.1  Gm.  X  Kg.,  vein,  or  0.15  Gm.  X 
Kg.,  hypodermic,  just  fatal.  Rabbit,  0.25  Gm,  X  Kg.,  mouth,  saliva- 
tion; 0.5  Gm.  X  Kg,  by  stomach  or  0.15  subcutaneous,  or  0.14  by  vein, 
just  fatal.  Frog,  40  mg.,  subcutaneous,  fatal.  To  kill  epithelium,  ox>3 
to  0,3%.     Presert'alive.  0.2%. 

FoRMALDEHVD. —  Rabbit,  0.24  to  0.5  Gm.  X  Kg.,  subcutaneous,  just 
fatal.    Blood,  1 :  400  prevents  clotting  and  spontaneous  laking. 

Gas.— Inhalation,  Ex.  ("). 

Gasoun. —  Inhalation,  convulsions,   and   anesthesia    (asphyxia?). 

GELSEMiNiN  HvDROCHLORiD. —  Frog,  20  mg,,  subcutancous,  increased 
reflexes,  abolition  of  voluntary  movement. 

Gblsemium  (*).— Subcutaneous,  Guinea  Pig,  1.75  to  6  Gm.  X  Kg., 
just  fatal ;  If  kite  Rat,  2.2  Gm.  X  Kg.,  just  fatal ;  Frog,  6.5  to  15  mg.  X 
Gm.,  just  fatal;  Frog's  heart,  local,   1:50,  paralysis. 

Glucose.— Dog,  35  c.c.  X  Kg.  of  2.57%,  vein,  not  dangerous  (•). 

Glycerin. —  Frog,  0.5  to  1  c.c  hypodermic,  muscular  effect. 

(jOLD  (calculated  as  metal).- Just  fatal  dose,  Gm,  X  Kg.,  subcu- 
taneous :     Dog,  0.40.   Cat,  0.45.     Rabbit,  0.36.     Frog.   0.30. 

GuANiDiN. —  Frog's  muscle,  local,  1%,  fibrillary  twitchings   (*)■ 

Heart. —  Excised   Mammalian,  Ex. 

Proportion  of  drugs  to  be  added  to  a  liter  of  the  perfusing  fluid: 

Alcohol,  20  cc. ;  Caffein,  0.3  Gm. ;  Chloroform,  0.6  Gm.;  Digiioxin, 

5.0  mg. ;  Ether,  1  Gm.,  no  effect;  3  Gm.,  considerable  effect;  Stro- 

phanthin,  0.8  mg. ;  Theobromin,  0.5  Gm. 

Hedohhl.— Rabbit,  i   Gm.  X  Kg.,  rectum,  fatal  in  30  minutes   (*). 

Helleborein. —  Frog,  0.04  mg.  X  Dgm.,  subcutaneous,  just  systolic 
standstill.  Toad,  1,85  to  2.44  mg.  X  Dgm.,  same  effect.  Local,  heart 
or  muscle.  '/,„  to  !^%. 

Helleborus  Nicer  (•), —  Subcutaneous,  Guinea  Pig,  0.2  Gm.  X  I^., 
just  fatal.  fVhite  Rot,  20  Gm.  X  Kg.,  ja.si  fatal.  Frog,  0.3  mg  X  Gm., 
just  fatal.     Frog's  heart,  local,  I ;  50,  digitalis  action. 

Heroin. —  Rabbit.  0.5  mg,  X  Kg.,  subcutaneous,  therapeutic  effect  on 
respiration,  Ex.  (■). 

Hirudin  (Sachsse  &  Co.,  Leipzig).— 0.05  Gm.  X  Kg.,  Rabbit,  vein: 
blood  non-coagulable   for   tour  hours. 

HvDRASTrN. —  Dog.  ordinary  dose,  vein,  i  mg.  X  Kg.,  Ex.  Full  dose, 
10  mg.  X  Kg.,  not  fatal.    Frog,  i  to  2  mg,,  subcutaneous,  spinal  con- 

HvDRASTiNiN. —  Dog.  0.5  to  I  mg.  X  Kg.,  vein,  rise  of  pressure,  Ex. 
(*)  :  10  to  20  mg,  X  Kg,,  tetanus  and  paralysis.  Frog,  subcutaneous, 
ordinary  dose,  5  mg. ;  fatal  dose,  15  mg.  Local, '/«%  vasoconstriction. 
Ex.  (•). 

Hydrastis.—  50  times  the  dose  of  hydrastin.  Dog,  0.02  Gm.  X  Kg.. 
vein,  ordinary   dose,   Ex.   (•).    0,25  Gm,  X  Kg.,  vein,  vagus  standstill. 
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Hydkazin  Swra.— Rabbit,  aa  Gm.  X  Kg.,  subcutaneous,  no  effect; 
0.315,  convulsions,  fatal  in  '/i  hour. 

HyoROCOTAKNiN  tiiTB-— Rabbit,  0.3  Gm.  X  f^.,  subcutaneous,  just 
fatal. 

Hydrocyanic  Acn>f-j;^of  Cyanid  of  Potaasiam.)— Rabbit,  stom- 
ach, ai  Gm.   (s  C.C.  of  2%),  fatal,  Ex.   (•). 

HvosaN.—  Subcutaneous,  not  fatal.  Dog,  0.03  Gm.  X  Kg. ;  Rabbit, 
az5  Gm.  X  Kg. ;  Frog,  25  mg. 

HvoscYAMiN.—  Cats,  hypodermic,  mg.  X  Kg. :  o.oi  rag.,  no  effect  on 
pupil;  0.02  mg.,  good  dilation;  0.025  nig.,  just  paralyzes  vagi.  White 
Mice,  of  12-15  Gm.,  hypodermic;  5  mg.,  no  distinct  symptoms;  10  mg., 
intoxication,  with  recovery;  20  mg.,  fatal.  Frogs,  of  20  gm.,  hypoder- 
mic; 1  mg.,  no  effect;  2  mg.,  motor  depression  with  recovery;  10  mg., 
fatal. 

Hyoscyamus  (•).— Subcutaneous,  just  fata!,  Guinea  Pig,  10  Gm.  X 
Kg.    Frog,  10  mg.  X  Gm. 

Hyposulphite  of  Sodium. —  Rabbit,  1.5  to  2  Gm.  X  I^.,  subcutane- 
ous, just  fatal. 

loDiD  OP  Sodium. — Anesthetieed  Dog,  35  c.c.X  Kg.  of  2.2%,  vein,  no 
serioHs  effects  (•).  Man,  0.3  Gm„  mouth,  in  urine,  Ex.  (").  Rabbit, 
50C.C.  of  1%,  stomach,  slight  depression,  Ex.   (•). 

loDiN. —  Rabbit,  2  c.c.  of  tincture,  hypodermic,  fever ;  a<^s  Gm.  X 
Kg.,  subcutaneous,  fatal,  ecchymoses  in  stomach. 

loDOFORU. —  Rabbit,  2  Gm.  X  Kg.,  in  oil,  subcutaneous,  hypnotic;  I  to 
2  Gm.,  stomach,  fatal. 

Ipecac. —  Dog,  0.2  to  0.3  Gm.  X  Kg.,  stomach,  just  emetic,  Ex.  (*), 
Anesthetized  Dog,  1  Gm.  X  Kg.,  subcutaneous,  increased  heart  and  res- 
piration, fall  of  pressure,  slight  intestinal  congestion,  no  peristalsis  (•). 

Iron  (calculated  as  metal). —  Just  fatal  dose,  mg.  per  animal,  subcu- 
taneous:   Dog,  3-so;  Rabbit,  25;  Frog,  5-10  mg.  X  Kg. 

Juniper  Oil. —  Anesthetized  Dog,  25  c.c  X  Kg.  of  04%  suspension, 
vein,  diuretic,  no  serious  effects. 

Laudanin.— i?at6i7,  30  mg.  X  Kg.,  subcutaneous,  just  fatal;  so  mg. 
X  Kg.,  subcutaneous,  convulsions,  recovery.  Dog,  30  mg.  X  Kg,,  sub- 
cutaneous, convulsions,  death. 

Laudanosin. —  Rabbit,  65  mg.  X  Kg.,  subcutaneous,  not  fatal ;  68  just 
fatal. 

Leecr  Extract. —  Mammals,  3  heads  per  Kg.  in  6  c.c.  of  normal 
salt,  vein,  prevents  coagulation. 

Lobelia  (•), —  Subcutaneous,  just  fatal,  Guinea  Pig,  lO  Gm.  X  Kg.; 
Frog,  55  mg.  X  Gm. ;  i  :  25,  local,  paralyzes  vagus  ganglia  in  Frog's 
heart;  Anesthetized  Dog,  subcutaneous,  0,012  Gm.  X  Kg.,  little  effect; 
0.33  Gm.  X  Kg.,  heart  first  slowed,  then  quickened. 

LoBELiN  Sulphate. —  Subcutaneous.  Rabbit,  2  mg.  X  Kg.,  increases 
respiration;  Pigeon,  54  mg.  X  Kg.,  just  fatal;  Frog,  3  mg.,  increases 
and  then  depresses  reflexes. 

Vagnbsium  Sulphate  {crystals)  . —  Anesthetic  dose,  hypodermic, 
all  animals,  1.5  Gm.  per  Kg.,  as  25%  solution;  fatal.  2  Gm.  per  Kg.; 
Ex.  Intraspinal,  I  c.  c.  of  25%,  per  10  l^.     Local.  I  to  25%. 

Manganese  (calculated  as  metal).— Just  fatal  dose,  subcutaneous, 
mg.  X  Kg.;    Dog,  10-13;  Ca(,  6-7;  Rabbit,  5  to  6;  Frog,  2. 

Mercuric  Cfn-ovio.— Dog,  10  c.c.  of  i:i,0D0,  subcutaneous,  daily, 
nephritis,  mainly  interstitial,  Ex.  (•).  Rabbil.  25  c.c.  of  1%,  stomach, 
fatal  in  3  hours,  corrosion  of  alimentary  canal,  Ex.  (*>;  I  c.c.  of  1%, 
subcutaneous  fatal.  White  Rat,  5  c.c.  of  1%.  subcutaneous,  fatal  in  3VS 
hours  (*).  Frag,  local,  i:  io/»o,  to  exposed  mesentery,  prevents  emi- 
gration of  leucocytes. 

Methyl  Co^nn.— Mouse,   102  mg.  X  Kg.,  subcutaneous,  just   fatal 
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(97%  of  this  paralyzes,  30%  convulsions).  Pigeon,  54  rag.  X  Kg.,  sub- 
cutaneous, just  fatal. 

Methylen  Blue. —  Man,  o.i  Gpi-,  mouth,  urine,  Ex.  (*).  Anesthtt- 
ised  Dog,  25  c.c.  X  Kg.  of  0.5%,  vein,-  fatal. 

MoRPKiN  Salts.—  Dog,  5  mg.  X  Kg.,  subcutaneous,  causes  vomiting 
but  after  this  prevents  action  of  emeiics;  10  to  150  mg.  X  Kg.,  subcu- 
taneous, fall  of  temperature  by  about  2°  C,  maximal  in  2  hours;  20  rag. 
X  Kg.,  subcutaneous,  ordinary  dose,  slowing  of  heart  and  respiration, 
Ex.  i') ;  0.2  to  0.5  Gm.,  vein,  not  fatal.  Cat,  40  mg.  X  Kg.,  excite- 
ment. Ex,  (•).  Rabbit,  subcutaneous,  2,5  to  10  mg.  X  Kg.,  maximal 
therapeutic  effect  on  respiration,  Ex.  (*) ;  20  mg.,  inhibits  ascending 
peristalsis  after  application  of  NaCl ;  reappears  with  60  mg. ;  50  mg.  X 
Kg.,  subcutaneous,  surgical  anesthesia,  glycosuria,  Ex.  (*)  ;  0.1  Gm.  X 
Kg.,  subcutaneous,  fall  of  temperature,  Ex.  <*)  ;  0.15  to  0.3  Gm.  X  Kg., 
just  fatal  in  2  to  24  hours ;  stomach,  0.5  Gin.  X  Kg,,  narcotic,  0,7  to  i 
Gm.  XKg.,  fatal,  Guinea  Pig,  0,7  Gm.  X  Kg,,  just  fatal.  Ex,  (•). 
White  Rat,  0.45  Gm.  X  Kg.,  just  fatal.  Frog,  0,05  Gm.,  paralysis,  sec- 
ondary tetanus  in  Vi  to  i!^  hours,  fatal  (*). 

MuscARiN,— £>og,  2  mg,  X  Kg,,  subcutaneous,  for  heart  effect  Cat 
(sulphate,  hypodermic,  dose  per  animal) ;  ^  to  i  mg,,  severe  intoxica- 
tion, but  recovery ;  1  mg.,  complete  blocking  of  bronchioles ;  3  to  4  mg., 
death  in  2  to  la  hours;  8-i2  mg,,  death  in  10  to  15  minutes.  Frog,  0.5 
mg.,  subcutaneous,  vagus  standstill;  0,6  mg,  fatal.  Local.  0,1  to  0,2%, 
Ex.  (*).  Local  to  Rabbit's  Inlettine,  Vio%,  starts  peristalsis,  spreading 
up  and  down;  arrested  by  1%  atropin.  Frog,  0.12  to  a23  mg.  X  Dgm., 
just  fatal.    Toad,  o.2t  to  0,27  mg,  X  Dgm.,  just  fatal. 

Mustard. —  Uog.  emetic,  teaspoonful,  stomach,  Ex. 

Napkthol  p.—  Dog,  stomach,  therapeutic  dose,  0.05  Gm.  X  Kg.  Cat. 
o.ot  Gm.  X  Kg,;  fatal  dose,  0,1  Gm.  X  Kg. 

Narcotin, — Dog,  0,05  Gm,  X  Kg,,  subcutaneous,  slight  narcosis.  Cat, 
3  Gm,,  fatal.     Frog,  50  to  70  mg.,  some  action. 

Nickel, —  Rabbit,  same  dose  and  effect  as  Cobalt. 

NicoTiN. —  Dog,  few  drops  on  tongue,  convulsions,  generally  recov- 
ery, Ex.  (•) ;  0,0s  to  0.1  Gm,,  subcutaneous,  fatal.  Rabbit,  mouth,  as 
dog  (■)  ;  subcutaneous,  20  mg,  X  Kg.,  just  fatal  (*)  ;  7  to  10  mg,,  vein, 
blocks  sympathetic;  10  mg,  X  Kg.,  subcutaneous,  vessels,  Ex.  (*). 
Guinea  Pigs,  subcutaneous,  just  fatal,  young,  14  to  30  mg.  X  Kg.;  adult, 
40  to  45  mg,  X  Kg,  Frogs,  2  mg,,  fatal,  Ex.  (•).  Local,  frog's  heart, 
'/io%.  Ex.  (•),  Intesline,  1%.  contracture  relieved  by  atropin  (*), 
Anesthetized  Dogs,  2  to  10  mg,  X  Kg,,  subcutaneous,  vagus  stimulation 
with  secondary  paralysis,  effect  on  respiration.  Ex.  (*)  ;  5  mg.  X  Kg., 
vein,  paralysis  of  ganglia;  same  dose  for  cat.  Frog's  Muscle-Nerve, 
o.r%,  Ex.   (•). 

Nitrate  or  SoDiuu, —  Anesthetized  Dog,  75  c.c.  X  Kg.  of  1,25%, 
vein,  no  serious  effects  (*),    Frog,  0.03  Gm.,  fatal. 

Nitrite  of  Sodium. —  Rabbit,  10  mg.  X  Kg.,  subcutaneous,  fatal  (gas- 
tritis, central  paralysis,  methemoglobin).  Guinea  Pig,  5  c,c  of  .'\%, 
subcutaneous,  fatal.  Frog,  0.55  mg.  X  Gm.,  subcutaneous,  stimulation 
of  cord  not  effective,  fatal  m  one  hour  by  paralysis.  Perfitsioti, 
Ex.{'). 

Nitroglycerin. —  Anesthetized  Dog,  i  mg.  X  Kg.,  subcutaneous, 
quickened  heart,  fall  of  blood  pressure  (*), 

Oxalate  op  Sodium. —  Dog,  0.2  Gm,,  subcutaneous  or  stomach,  not 
fatal,  causes  indicanuria;  0.12  Gm.  X  Kg,,  vein,  just  fatal.  Rabbit, 
0,250  Gm,.  subcutaneous,  just  fatal  in  some  hours,  oxalate  deposit  rn 
kidneys,  Ex.  (*>.  Cat,  0,375  Gm,,  subcutaneous,  just  fatal,  Guinea 
Pig,  0.4  Ijm,  X  Kg.,  subcutaneous,  fatal  in  some  hours  (*),  Chicken, 
0.5  Gm.  X  Kg,,  subcutaneous,  just  fatal,  Tttrtle.  0.26  Gm,  X  Kg.,  sub- 
cutaneous, just  fatal.    Frog,  0,5  mg-  X  Gm.,  subcutaneous,  just  fatal- 
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Blood,  0.2  to   1:300,  prevents  coagulation;  1.5%  practically   isotonic 
with  mammalian  blood. 

Oxalic  Acid. —  Rabbit,  2  to  4  Gm,,  stomach,  fatal  in  J4  to  J/J  hour. 
Guinea  Pig.  0.1  Gm.,  subcutaneous,  fatal.  Frog,  0.04  to  0.08  Gm.,  sub- 
cutaneous, heart  standstill. 

OxYDiMORPHiN, —  Dog,  0.06  Gm.  X  Kg.  (dissolved  in  0.3%  NaOH), 
vein,  just  fatal;  subcutaneous,  not  fatal  in  any  dose, 

Paraldehvd. —  Rabbit,  3  Gm.,  stomach  (to  paralyze  vasomotors) 
(per  animal)  ;  i  Gm.  X  Kg-,  anesthetic. 

Papavebin  Hydrochlorid. —  Man,  therapeutic  dose,  0.03  to  0.05  Gm. 

Permanganate  of  Potassium. —  Rabbit,  15  c.c.  X  Kg.  of  1%,  stom- 
ach, alkaloidal  antidote,  Ex.  (•)  ;  0.2  Gm.  X  Kg.,  severe  gastritis;  a6 
Gm.  X  Kg.,  fatal.  Dog,  stomach,  o.i  Gm.  X  Kg,,  severe  gastritis;  0.4 
Gm.  X  Kg.,    fatal. 

Peroni.n. —  Rabbit.  15  mg.  X  Kg.,  subcutaneous,  r ■■" 

tic  effect  on  respiration. 

Phenacetin.— Man,  0,3  Gm.,  mouth,  indophenol  i 
Dog,  0.3  Gm.  X  Kg.,  stomach,  narcosis,  cyanosis,  death  in  6  hours. 

Phenol. —  See  Carbolic  Acid. 

Phenvlhvdrazin  Salts. —  Rabbit,  0.14  Gm.  X  Kg,,  subcutaneous, 
death  in  20  minutes;  0.07  Gm.  X  Kg,,  death  on  second  day;  methemo- 
globinemia, 

Phlorrhizin.— Dog,  a3  mg,  X  Kg.,  subcutaneous,  just  sufficient  to 
cause  some  diabetes;  0.15  Gm.  X  Kg.,  subcutaneous,  maximal  diabetes 
in  starving  animals;  o.i  Gm.  X  Kg,,  vein,  not  dangerous  (*).  Rabbit, 
about  same;  0.2s  Gm,,  subcutaneous,  ordinary  dose,  Ex.  (*). 

Phosphate  of  Sodium. —  Dog,  35  c.c.  X  Kg.  of  5.1%  crystals,  vein, 
not  dangerous. 

Phosphorus  (in  oil  or  mucilage). —  Dog,  20  mg.  X  Kg.,  stomach, 
fatal.  Rabbit,  3  to  7  mg.  X  Kg.,  stomach,  fatty  degeneration.  Frog, 
yi  mg.,  mouth,  fatty  defeneration. 

Physosticma,— Ka66it,  0.5  to  t  Gm.,  fatal. 

Physosticmin  Salts. —  Dog.  4  to  5  mg.  X  Kg,,  subcutaneous,  just 
fatal.  Cat,  3  mg.  X  Kg.,  subcutaneous,  just  fatal.  Rabbit,  3  mg,  X 
Kg.,  subcutaneous,  just  fatal  in  six  minutes  (fibrillary  twitchings). 
Guinea  Pig,  5  mg.  X  Kg,,  subcutaneous,  just  fatal.  Frog,  0.5  mg.,  sub- 
cutaneous, slows  and  strengthens  heart;  usually  fatal  (•),  Aneslhet- 
iged  Dog,  0,5  to  2  mg.  X  Kg.,  subcutaneous,  slower  and  stronger  heart, 
rise  of  pressure,  intestines  contracted  (*)  ;  removes  effect  of  curare. 
Anesthetiaed  Rabbit,  i  mg.  X  Kg.,  vein,  increases  respiration.  Local, 
1%,  Eye,  Ex.  {•)  ;  Intestine,  Ex.  (•).  Fro^s  Muscle,  1:500,  height 
of  contraction  and  irritability  increased;  1%,  thin  strips,  fibrillary  con- 
tractions.    Fro^s  heart.  0,1%,   Ex.   (•), 

PiCMC  Acid, —  Rabbit,  0.15  Gm.  X  Kg.,  vein  or  0.2  Gm.  X  Kg.,  sub- 
cutaneous, fatal, 

PiCBOTOXiN  (convulsions  and  paralysis). —  Dog,  1.5  mg,  X  Kg.,  sub* 
cutaneous,  just  fatal ;  1. 1  to  1.4  mg.  X  Kg,,  or  1.05  to  3.7  mg.  X  Kg., 
rectal,  convulsions :  as  mg,  X  Kg.,  subcutaneous,  or  0.55,  rectal,  saliva- 
tion; 0.475  mR-  X  Kg.,  subcutaneous,  or  0,525,  rectal,  no  effect:  11  mg. 
X  Kg.,  subcutaneous,  convulsions  in  18  minutes,  death  in  one  hour; 
ao6  Gm.,  stomach,  fatal  in  an  hour.  Cat,  i  mg,  X  Kg.,  subcutaneous, 
convulsions,  recovery.  Guinea  Pig.  5  mg,  X  Kg.,  subcutaneous,  con- 
vulsions, recovery;  16  mg.,  subcutaneous,  fatal.  Frog,  2  to  4  mg..  sub- 
cutaneous, active :  10  mg.  fatal,  Ex.  (•> :  4,9  mg.  X  Kg.,  subcutaneous. 
just  convulsive._  Toad.  9  lo  9,6  mg.  X  Kg.,  subcutaneous,  just  convul- 
sive. Anesthetized  Dog.  i  mg.  X  Eg.,  subcutaneous,  slowed  heart  with 
rise  of  pressure ;  larger  doses,  quickened  heart,  and  fall  of  pressure  (*). 

PiLOCASPiN  Salts. —  Rabbit  or  Dog,  $  mg.  X  Kg.,  subcutaneous,  sali- 
vation, Ex.  (*>.    Rabbit  or  Rat,  hypodermic  (?),  just  fatal  dose,  0.35 
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Cm.  X  Kg.  Guinea  Pig,  0.04  to  0.046  Gm.  X  Kg.,  just  fatal.  Hedgt- 
kog,  0102  to  aor).  Gm.  X  Kg,,  just  fatal.  Anesthetized  Dog,  1  to  3  mg. 
X  Kg.,  quickening  of  heart,  contraction  of  intestine,  pressure  variable. 
Anestketised  Rabbit,  3  mg.  X  Kg.,  vein,  large  vagus  stimulation ;  5  mg. 
X  Kg.,  vein,  peristalsis,  Ex.  (•).  Frog,  ordinary  dose,  65  mg. ;  fatal 
dose,  100  rag.  Local,  Frog's  heart,  0.1%,  Ex.  (♦)  ;  Pupil,  1%,  Ex. 
{•);  Intestine.  1%   (•). 

PiLOCASiFus.— Anesthetized  Dog,  0.15  to  I  Gm.  X  Kg.,  subcutaneous, 
acts  like  I  to  3  mg.  of  Pilocarpin. 

PiPEHiDiN. —  Dog,  0,02  Gm.  X  Kg.,  subcutaneous,  ordinary  dose. 

Platinum  (calculated  as  metal).— Just  fatal  dose,  mg.  X  Kg.,  sub- 
cutaneous: Dog,  7;  Rabbit,  10;  Frog,  125.  Rabbit,  7  mg.  of  chTorid  X 
Kg.,  subcutaneous,  diuresis  with  albuminuria  (the  chlorid  is  neutral- 
ized with  sodium  carbonate,  and  diluted  so  that  I  c.c,  ^5  mg.). 

Potassium  CaLotXD.— Rabbit,  4  Gm.  X  Kg.  (as  35%),  subcutaneous, 
death  in  30  minutes.  Anestnetised  Mammal,  1  ex.  X  Kg.  of  1%, 
vein,  stops  heart,  Ex.  (Myocardiogram)  (').  Frog,  o.i  Gm.,  fatal 
{•).  Frog's  Muscle,  1%,  paralysis  in  30  to  50  minutes  (•) ;  after 
veratrin,  '/„%,  Ex.    {*). 

PsvcHOTRiN.— Dog,  ro  mg.  X  Kg.,  subcutaneous,  no  effect.  Guinea 
Pig,  20  to  30  mg.  X  Kg,,  subcutaneous,  just  fatal, 

PvHiDiN. —  Rabbit,  1.3  Gm.  X  Kg.,  suIku  tan  sous,  almost  no  effect; 
2.6  Gm,  X  Kg.,  subcutaneous,  convulsions,  paralysis,  death  in  4<^ 
hours.    Frog,  o.i  Gm.,  subcutaneous,  almost  fatal. 

PvROCATECHiN,— Dog,  3  mg.  X  Kg.,  vein,  slight  rise  of  Uood  press- 
ure; 8  mg.,  convulsive   (•), 

Pybocallol, —  Dog,  0.2  Gm.  X  Kg.,  subcutaneous,  or  ai25  Gm.  X 
Kg,,  stomach,  fatal  in  two  days. 

Quinine  HviwoCHLomD,— Man,  mouth,  urine,  0,2  Gm.,  Ex,  (*). 
Mammals,  metabolism,  0.05  Gm.  X  Kg..  Ex,  Anesthetized  Dog,  10  to 
100  mg.  X  Kg,,  vein  (ordinary  dose,  10  n^.  X  Kg.),  heart  weai(er  and 
stops  in  three  minutes  before  respiration,  pressure  falls  at  once  (*). 
Rabbit,  as  Gm.  X  Kg.,  hydrobromid  (hypodermic?),  just  fatal.  Pigeon, 
0.4  Gm.  X  Kg.,  hydrobromid,  just  fatal.  Frog,  0.5  Gm.  X  Kg.  hydro- 
bromid or  0,4  Gm.  X  Kg.  hydrochlorid,  just  fatal.  Frog's  Muscle, 
local,  I :  lOfiOO  to  1 :  100.  Ex.  (•).  Frog's  Heart,  local,  I :  SO.OOO,  slows 
and  strengthens;  1:10^000,  slows,  weakens  and  stops.  Ex,  (•).  Frog, 
o.oi  Gm.,  subcutaneous ;  stops  emigration  of  leucocytes  through  mesen- 
tery; paralysis  begins  in  ten  minutes,  and  is  complete  in  one  hour 
(•)  ;  less  than  i :  iwo  interferes  with  peptic  digestion  (•)  ;  less  than 
!/j%  with  oxydases   (•>. 

Rhubarb,— Mom,  i  Gm,,  mouth,  urine,  Ex.  (*).  Dog,  5  Gm.,  stom- 
ach, purgative. 

RiciK  (Merck's).— ffotWi,  0.03  mg.  X  Kg,,  vein,  or  0.07  mg.  X  Kg., 
subcutaneous,  just  fatal  in  24  to  36  hours. 

Salicylate  of  Sodium, —  Dog,  0,2  Gm.  X  Kg.,  and  Rabbit,  as  Gm. 
X  Kg.   (stomach?),  fatal. 

Salol. —  Man,  0.3  Gm.,  mouth,  urine,  Ex.  {•). 

Sanguinaria  (•)-—  Subcutaneous :  Guinea  Pig,  to  t  Gm.  X  Kg.,  no 
effect;  10  Gm.  X  Kg,,  just  fatal  in  six  hours,  paralytic.  White  Rat, 
4  Gm,  X  Kg,,  just  fatal  in  six  or  seven  hours.  Frog,  22  mf .  X  Gm., 
just  fatal.    Frog's  heart,  local.  1:25,  no  effect. 

Santonin.- Man,  mouth,  urine.  0.03  Gm.,  Ex.  (*)  (Dissolved  in 
NaOH,  sut>cutaneous) :  Dog.  0.5  Gm.  X  Kg.,  convulsions,  recovery. 
Cat.  I  Gm.  X  Kg.,  convulsions,  fatal.  Rabbit.  O-S  to  t  Gm.  X  Kg., 
stomach,  convulsions  in  ^  hour,  fall  of  temperature,  recovery.  Ex. 
(•)  :  2,s  Gm.  X  Kg.,  fatal. 

SAtOTOXiK.— Mammals,  vein,  i  to  2  mg.  X  Kg.,  fatal.    Cat,  subcu- 
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taneous,  lo  to  30  ide.  X  Kg.,  ordinary  dose;  40  mg;.  X  Kg.,  fatal.  Local, 
Frog's  Muscle,  0.1%,  Ex.  (•).    Blood,  laking.  Ex.  {•), 

SdLLA  (•). —  Dog,  ai  Gm.  X  Kg.,  stomach,  slowed  heart;  2  Gm.  X 
Kg.,  stomach,  vomiting.  Guinea  Pig,  04  Gm.  X  Kg.,  subcutaneous, 
just  fatal.  White  Rat,  20  Gm.  X  Kg,,  subcutaneous,  just  fatal.  Frog, 
0.9  mg.  X  Cm.,  subcutaneous,  just  fatal.  Local,  Frogs  heart,  i:  50, 
st<q>s  by  digitalis  action.  Anesthetized  Dog,  subcutaneous,  o.ooi  Gm. 
X  Kg.,  slows  heart;  o.oi  Gm.  X  Kg.,  heart  first  slowed,  then  quickened, 
stops  in  30  minutes. 

SciLLAiN. —  Dog,  I  mg.  X  Kg.,  fatal. 

Sbnega. —  Dog,  s  Gm.,  stomach,  emetic,  Ex. 

SiucATE  OF  Sodium.— Mammal,  just  fatal,  1.5  to  3.0  Gm.  X  Kg., 
stomach,  ao7  to  a3  Gm.  X  Kg.,  intravenous.    Frog,  just  fatal,  aoas 

SiLVEK  Nitrate. —  Rabbit,  2  c.c  of  2%,  subcutaneous,  fever  of  1  to 
1.5°  C  in  some  hours;  ao  mg.  X  Kg,  of  the  chlorid,  subcutaneous,  al- 
buminuria  (dissolved  in  sodium  hyposulphite,   i   c.c  =  5  mg.). 
So\-AHin.— Rabbit,  0.1  Gm.  X  Kg.,  faUl, 

Spartein  Sulphate.—  Guinea  Pig,  o.i  Gm.  X  Kg.,  subcutaneous,  just 
fatal ;  also  Fish,  Frog,  Pigeon,  and  Rabbit,  0,1  to  0.15  Gm.  X  Kg.,  sub- 
cutaneous, just  fatal.  Rabbit,  0.04  to  0.06  Gm.  X  Kg.,  vein,  just  fatal 
Anethetized  Dog,  0.025  Gm.,  subcutaneous,  ordinary  dose. 

Strofhanthin. —  Guinea  Pig,  0,3  mg.  X  Kg.,  subcutaneous,  just  fatal. 
Frog's  heart,  just  stopped  l^  ao2S  mg. 

Strophanthus  {•). —  Subcutaneous:  Rabbit,  0.2  Gm.,  fatal  in  few 
minutes.  Guinea  Pig,  6.8  to  9.8  mg.  X  Kg.,  just  fatal.  IVhite  Rat.  20 
Gm.  X  Kg.,  just  fatal.  Frog,  0.01  to  0.025  mg.  X  Gm.,  just  fatal.  An- 
esthetixed  Dog,  0.0015  Gm.  X  Kg.,  therapeutic  stage  of  digitalis  action; 
ao5  Gm.  X  Kg.,  toxic  stage  of  digitalis  action:  0.15  Gm,  X  Kg.,  sudden 
death,  Ex.  Fro^s  heart,  local,  i ;  50,  stops  heart  in  systole. 
Strychnin  Sulphate  or  Nitrate.- 

Man,  2  mg.,  mouth,  no  effect  on  tactile  sensation  (•). 
Just  Fatal  Doses  X  Kg. :  Dog.  o.?5  mg.,  subcutaneous ;  2.0  to 
3.9,  stomach;  2.0,  rectum;  5.5  bladder.  Cat,  0.75  mg.,  subcutane- 
ous. Fox,  1  mg.  Hedgehog,  i  to  2  mg.  Rabbit,  4.233  mg..  stom- 
ach; Ex.  C)  ;  as7  to  0.583  mg.,  hypodermic.  (According  to  Gies 
and  Meltzer,  o,4S  mg.  X  Kg.  of  the  nitrate  is  surely  fatal  to  white 
rabbits,  while  gray  rabbits  require  0.5  mg.  X  Kg.)  Ex.  ♦  0,353  "^S- 
in  vein.  Guinea  Pig,  4.5  to  4,75  mg.,  subcutaneous  (*>,  Ex,  Mouse, 
0.772  mg,,  subcutaneous.  Fowl,  2  mg,,  subcutaneous.  Pigeon,  1.67 
mg,  subcutaneous.  Frog,  5,55  mg,  (*)  (ordinary  dose,  localiza- 
tion of  action,  0,25  mg.  per  animal.  Ex).  Ring-Adder,  23,1  mg,, 
subcutaneous;  Antidote,  Ex.  (•), 

Just  Tetanic  Doses  X  Kg, :  Dog,  0.468  mg,,  stomach :  0.248, 
subcutaneous  or  rectal.  Rabbit,  3,0  mg,,  stomacn;  0,15s  mg.,  vein; 
0,4  mg,,  subcutaneous ;  aST^,  rectal,  Guinea  Pig,  10  to  15%  less  than 
the  fatal   (').    Frog,  t  to  i.S  mg,   (*).     Toad,  1,6  mg. 

Just  Convulsive  Doses  (  X  Kg) :  Dog,  0.175  mg.,  stomach;  o.i 
mg.  to  0.24  mg„  subcutaneous  (■)  or  rectal.  Rabbit.  0.29  mg,  to 
0,4  mg.,  subcutaneous;  0.57  mg„  rectal.  Mouse,  0.615  mg-.  subcu- 
taneous.    Pigeon.  0,5  mg.,  subcutaneous. 

"  ScHRECKHAFT  "  (  X  Kg)  :  Dog,  0,0?  mg.,  subcutaneous.  Rab- 
bit, 0.2  mg..  subcutaneous.     Pigeon,  0.5  mg.,  subcutaneous. 

No  Perceptible  Effect  (  X  Kg) :  Dog,  0,05  mg.,  subcutaneous 
or  rectal.     Rabbit,  0.2  mg..  subcutaneous ;  0.4  mg,,  rectal. 

Anesthetized  Dog,  o.O}  rag.  X  Kg,  subcutaneous,  therapeutic  dose. 
Ex,  {•)  (blood  pressure)  ;  0,40  mg,  X  Kg,,  tetanic  dose  (same  ex- 
periment) ;  ao4  mg.  X  Kg.,  vein,  therapeutic  dose.  Ex,  {*)  (Myo- 
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cardiofram).  Anetthetised  Rabbit,  therapeutic  dose,  o.z  mg.  X 
Kg.,  respiralion,  Ex.  {*).    Local,  Frog's  heart,  ai%.  &c.  ('). 

SuLTOCVANiD  OF  Potassium. —  Pigeon,  0.5  to  0.75  Gin.  X  Kg.,  subcu- 
taneous, just  fatal. 

SuLFOCVANiD  OF  Sodium.— ZJog,  35  c.c.  X  Kg.  of  1.2%,  vein,  no  se- 
rious effects  ('). 

Sulphate  of  Sodium. —  Dog,  100  c.c.  X  Kg.  of  4.6%  crystals,  vein, 
diuretic,  no  serious  effects  (")  ;  ordinary  dose,  50  c.c.  X  Kg.  of  3% 
(dry),  vein,   blood   pressure,   Ex,    (•). 

Suprarenal  Glano.— Mamma/j,  10  c.c.  X  Kg.  of  i%,  dry,  vein, 
blood  pressure,  Ex.  (■)  ;  myocardiogram,  Ex.   (•). 

Tartrate  or  Sodium.— ZJog,  0.93  Gm.  X  Kg.,  vein,  just  fatal. 

Tetramethylamin  Hvdrochlorid, —  Subcutaneous,  fatal,  X  Kg.: 
Rabbit,  0.007  "ig.    Guinea  Pig  and  Mouse,  0.02  mg.    Frog,  oxh  mg. 

TuALuuM  Salts,- Dof,  0.5  to  1  Gm.,  stomach,  or  0.15  Gm.,  sub- 
cutaneous, fatal.  Rabbit,  0.5  Gm.,  stomach,  or  ao4  to  0.06  Gm.,  subcu- 
taneous or  vein,  fatal. 

Thebain  Nitrate.— Raitii,  5  mg.  X  Kg.  to  144  mg.  X  Kg.,  vein,  or 
21.2  m^.  X  Kg.,  subcutaneous,  just  fatal.  Frog,  0.75  mg.  to  10  mg.. 
convulsions. 

Theobrom  IN -Sodium  Salicylate  (Diuretin)  — Man,  2  Gm.,  maximat 
diuretic.  Rabbit,  o.s  to  I  Gm.  X  Kg.,  stomach,  Ex.  (•)  (Antidote) ; 
0.05  Gm.  X  Kg.,  vein.  Ex,  {•).  Dog,  10  mg.  X  Kg.,  vein  (no  other 
effect). 

Theophyllin  (Theocin), —  Dog,  vein,  0.1  (Jm.  X  Kg.,  just  fatal. 
Guinea  Pig,  0.2  Gm.  X  Kg.,  vein,  just  fatal 

Thorium  Nitrate  {').-— Dog,  stomach,  25  c.c.  of  5%;  no  effect. 
Rabbit,  stomach,  1  Gm.  X  Kg.,  no  effect. 

Thorium  Nitrate  in  Sodium  Citrate  {•). —  1  Gra.  X  Kg.,  vein, 
dog;  or  subcutaneous,  rabbit,  not  acutely  fatal;  nor  with  frog,  subcu- 
taneous, 0.02  Gm. 

TcsAcco. —  Anesthetized  Dog,  o.io  Gm.  about  corresponds  to  5  mg. 

Toluylendiamin,— Dog,  0.04  Gm.  X  Kg.  (as  watery  solution),  sub- 
cutaneous, fatal,  solution  of  red  corpuscles. 

Turpentine. —  Dog,  8  to  30  Gm.,  stomach,  gastro-enteritis,  hematuria,, 
death  through  paralysis  of  central  nervous  system;  15  drops,  stomach, 
diuretic. 

Uranium  (calculated  as  metal).— Just  fatal  dose,  subcutaneous,  mg. 
X  Kg.:  Dog,  1.66;  Cat  an4  Rat,  041;  Rabbit,  0.83;  Goal,  1.66;  Birds. 
40  to  44. 

Urea.— Z)og,  35  c.e.  X  Kg.  of  0.9%  in  isotonic  NaCl,  vein,  no  serious 
effect   (*). 

Ubethane  C*).— Rabbit,  rectum,  0.5  to  0,75  Gm.  X  Kg.,  anesthetic 
Ex,  (•)  ;  0.6  Gm,  X  Kg,,  severe  degeneration  of  hepatic  cells;  a75  to 
I  Gm.  X  Kg.,  just  fatal ;  stomach,  i.o  to  1.5  Gm.  X  Kg.,  anesthetic 

Valerian  On..— Rabbit.  0.5  Gm.  X  Kg.,  subcutaneous,  prevents  coii- 
vulsions  from  0.4  Gm.  X  Kg.  Ammonium  Carbonate,  subcutaneous,  if 
this  is  given  two  hours  after  the  valerian. 

Vanadium  (  M  eta  vanadate  of  Sodium).— RdfcWf,  just  fatal,  aoi  to 
0,07  Gm.  X  Kg.,  vein,  or  0.2  Gm.  X  Kg,,  stomach. 

Veratrin  Sin.PHATE. —  Rabbit,  2  mg.  X  Kg.,  subcutaneous,  convul- 
sions, Ex.  (') :  I  c.c.  of '1%,  stomach,  gastric  corrosion,  Ex.  (•>.  An- 
esthelised  Rabbit,  o.i  mg.,  vein,  or  1  mg.,  subcutaneous,  increases  pulse 
rate  and  blood  pressure ;  10  mg..  vein,  paralyzes  heart.  Frog,  0.2.S  mg.. 
subcutaneous,  ordinary  dose,  Ex.  (*)  :  i  mg.,  fatal.  Local.  Frog'sheart, 
H%.  systolic  stoppage  {*)  ;  Muscle,  5^%:  typical  veratrin  curve  {•). 

Vebatbum  Viride  (*).— Guinea  Pig.  45  mg.  X  Kg.,  subcutaneous^ 
just  fatal.    Frog,  0.65  mg.  X  Gm.,  subcutaneous,  just  fatal. 
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YoaiUBiN.—  MamtnaU,  0.5  mg.  X  Kg.,  hypodermic,  erection;  6.5  mg. 
X  Kg.,  h^odermic,  just  fatal. 

Zinc  (Zinc-sodium  pyrophosphate,  or  zinc  valerianate). —  Calculated 
as  ZnO:  Frog,  2  to  12  mg,,  complete  muscular  paralysis.  Rabbit, 
Olo8  to  0.09  Gm.,  vein  or  subcutaneous,  just  fatal.  Dog,  0.07  to  0.12 
Gm.,  vein,  just  fatal. 

Zinc  Sulphate.— iJog,  50  c-C-  of  1%,  stomach,  emetic  (*).  Rabbit, 
a04  Gm,  X  Kg-  (stomach?),  fatal.  Frog,  i  to  2  mg.  X  Gm„  subcu- 
taneous, fatal. 

Zygadenus  (dried). —  Rabbit,  0.6  Gm.  X  Kg,,  subcutaneous,  just 
fatal  (•). 
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UATEKIA   MEDICA   LISTS. 


PART  IV. 

APPENDIX. 


A.— LISTS  FOR  THE  STUDY  OF  MATERIA  MEDICA. 

Introductory. —  The  materia- medica  sections  of  the  text  consist 
largely  of  reference  data,  the  greater  part  of  which  it  is  useless  to 
ftiemorize,  and  from  which  a  judicious  selection  must  be  made.  This 
is  attempted  in  the  following  lists,  which  contain  the  names  of  the 
nore  important  preparations,  divided  into  convenient  lessons  to  cor- 
respond with  the  text.  The  student  should  keep  a  separate  note-book, 
ruled  in  columns  as  illustrated  in  the  schema,*  into  which  the  names 
of  the  drugs  and  the  relevant  data  are  entered  as  they  are  studied. 
The  preparation  of  these  tables  is  probably  the  most  efficient  method 
of  learnmg  Materia  Medica.  The  synonyms,  origin,  miscibility.  dose, 
and  remarks  will  be  found  in  the  text,  where  reference  to  the  lessons 
is  made;  in  only  a  few  cases  will  it  be  necessary  to  consult  the  index. 
The  appearance,  odor,  and  taste  should  be  studied  directly  from  the 
specimen.     It   is   highly  desirable   that   the   physician   should   be   £ 


some  embarrassment,  and  guarantee  the  proper  dispensing  of  his  pre- 
scriptions. This  knowledge  may  be  of  vital  importance  for  the  prompt 
diagnosis  of  poisoning.  Those  drugs  which  may  be  readily  recognized 
by  their  physical  character  are  marked  with  an  asterisk. 

Tbe  Materia  Medica  Mnsenm  should  contain  the  drugs  mentioned 
in  the  following  exercises.  These  may  be  duplicated  for  Targe  classes. 
It  will  be  found  ojnvenient  to  arrange  the  drugs  according  to  the  les-' 


Strong  Poison!  ?„r 

Identification. 

(Red  Ub«l) 

(Red  Print) 

Poison!  „„«iT. 

Important. 

(Blue  Ubel) 

(Blue  Print) 

Pra«ti(!ally  Harmless. 

Unimportant. 

(Green  Ubel) 

56 

(Black  Print) 

ContiDu^l  on  ptgt  963. 
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1 

: 
p 

MlSClBILITY 
SOLUBIUTY. 

Water.  Alcohol. 

Physical 

Characteri: 

Appearance 

Odor. 

Taste 

■{C>  A113IX0X 

1 

Origin:  (2) 
Botanic  Name. 

Part  Used. 
Important  Con- 

II 

E 
wis 

H 

3 

a  < 

a 
1 

3tt  11! 


n  c  ^  £'i;  M 


sHi'S  -|z 
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sons.  A  card  index  is  almost  indispensable.  It  should  give  the  case, 
shelf,  and  bottle  number,  and  these  should  also  be  placed  on  the  con- 
tainers. The  labels  should  give  the  name  of  the  drug;  whether  it  is 
for  identification,  important,  or  unimportant ;  and  whether  it  may  be 
tasted.  Separate  gummed  slips,  distinguished  by  colors,  are  very  handy 
for  this  purpose   (see  page  g6r). 

Other  drugs  —  especially  crude  specimens  —  are  valuable  for  refer- 
encc,  but  may  be  dispensed  with.  Illustrations  and  herbarium  speci- 
mens of  important  and  domestic  medicinal  plants  are  also  very 
profitable. 


Latin  Name. 

Tox- 
icity. 

Remarks. 

Lesson  i.— Dyes  (Chapter 
VI,  p.   102). 

H 
H 
H 
H 
C 

H 
H 
H 

H 

H 
D,n-t. 
H 
H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

!  10%  Caramel. 

Partly  carbonized  sugar. 
With  ammonia  and  H  glycerin. 

Demulcents  (page  755)- 

Strength. 

Strength. 

Sweetening  Agents. 
(p.  104  and  105.) 
•Saccharum 

•GlycVtHnum               

5%  Ammonia  water. 

Lesson  2.— Flavors  (Crude 
Drugs)     (Chapter    VI,    p. 

106). 

Draw  sketch. 

•Piper    ...     . 

•Cardamomum   
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•Zingiber    

•Capsicum  

"Amyedala  Amara  . 


110). 
•Oleum  Caryophylli — 

•  "      Cinnamomi    .- . 

•  "      Gaultherise    . . . 

•  "      Limonis  

•  "      Mentha  Pip.  . 

•  "      Menthse  Vir.   . 
•Aqua  Cinnamomi   . . .  . 

•  •'     Menthx  Pip.    .  • 

•Spir,  Gaultherise 

•  "     MenthfB  Pip-  -  -  ■ 
•Elixir   Aromatic 

"  Adjuvans    .... 

•Tinct  Limonis  Cort.. 

•  "  Tolutana     

•  "  Zinsriberis     . . . 


Contains  licorice. 


111). 
Tinct.  Cinnamomi  

"     Gentianae  Co 

"      Lavandulae    Co.    .. 

■'      Vanilla   

Syr.  Ac.  Citrici 

"    Aurantii  

"    Limonis    

*'     Picis  Liq 

"     Pruni  Vint.    

"     Sarsapar.  Co 

"    Tolotanus   

"    Zingiberis    

"     GlycyrrhizK 

Species   Pectorales   

Lesson    5.— Sulphur   Com- 
pounds   (Chapter   XXVIIL 
p.  675)- 
•Sulphur  Sublimatum  

Sulphur  Lotum  

Unguentum   Sulphuris    

Pulvis  Glycyrrhizie  Comp.. 

Sulphur  Precipitatum  

Calx  Sulphurata 

•Potassa  Sulphurata  

Sod.  Thiosulphas  

•Ichthyol    
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Latin  Name. 

Tox- 
icity. 

Remarks. 

Lesson  6. —  Haloids   (Chapter 

XXVIII,  p.  679)- 

D,n.t. 

C 
D.at. 

D.at. 

D,n.t. 

C 

c 

D.n,t. 

D.n.t. 

C 

C 
D.n.t. 
D.n.t. 

C 

C 

C 

C 

C 

C 

C 

Liquor   Chlori   Compositus. . . 

•Liq.  lodi  Compositus 

•Tr    lodi 

"Aq.  Hydrogeni  Dioxidi 

Lesson  7.— Vecetabie  Astrin- 
gents  (Chapter  XXVIII,  p 

688). 

"      Kino 

•Galla 

Sun  Cholera  Mixture 

ties  of  Tannins  are : 

Ingredients: 

Lesson  8.— Astringents  and  Antiseptics  (Chapter  XXVIII,  p.  692). 
Tabulate  the  proper  strength  for  ( 1 )  Ulcers,  Gargles,  Rectal  and  Va- 
ginal Injections;   (2)   Urethral  Injections  and  Eye-waters: 


lodum    

Zinci   Sulphas    

Zinci   Phenolsulphonas    

Hydrargyri  Chloridum  Corr.. 
Arirenti  Nitras  

Tr.  FerriOiioridi '.'!."'.!!.;.'! 
Alumen    


Cupri  Sulphas   

Ac.  Tannieum  

Plumbi  Acetas    

Potassii  Fermanganas  . 

Phenol    

Ac.   Boricum    

H^dMSlinina  '"'.'.'.'.'.'.'. 

AtropiniE  Sulph 

Physostigminse   Sulph.    . 


Latin  Name. 


Lesson     o.—  HvsTEHTr     Seda- 
tives     (Chapter     XXIX, 
6g6). 

•Valeriana    

*Tr.  Valerian.  Ammon 

Ammonii  Valeras  
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Latin  Name. 


*Asaf(Eti(Ia   

•Tr.  Asafcetidse  

Pil.   Asafcetida   

RUBEFACIEHT  OiLS    (p.   697)- 

•01.   Terebimhina   

Liniment.    Terebinth 

01.  Rosmarini  

Tr.    Arniae   

•Aq.  Hamamelidis   

Lesson    io. —  Stimulants   fob 

Ulceus    (Chapter   XXIX.  p, 
699)- 

*Balsamum  Peruvianum   

Myrrlia    

Tr.  Myrrhae   

Benzoinum    

Tr.  Benzoini  Comp 

Urinaky    Disinfectants. 
(p.  700). 

.  Mist,  Copaibx  Comp 

*Cubeba    

01.  Cubebfe 

Tinct.  Cubebs  

Oleoresina.  Cubebx   

•01.  Santali  

Fldext.  Matico   

Lesson    ii. —  Diuretic  Oils 

(Chapter  XXIX,  p.  701). 

•Juniperus    

Spir.  Juniperi  Comp 

•Buchu  

Fldext  Buchu  

Stimulants  to  Bronchial 
Mucosa  and  Respiratory 
ANTisEPncs  (p.  702). 

Terebenum   

Terpini  Hydras 

Oleum  Eucalypti  

Eucalyptol    

Balsamum  Tolutanum  ... 

•Syr.   Tolutanus   

FIdexL  Grindelise  

Lesson    12. —  Toxic    and 
BOLic  Volatile  Oils  (Chap- 
ter XXIX,  p.  703). 

•01.  Sabinje  

•Tanacetum    


Draw  sketdL 

Ingredients : 
Draw  sketdk 
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•Oleum  Rute 

•Hedeoira    

•Oleum  Hedeonwe  

MusTABD  Oil  Group  (p.  704)- 
•Sinapis  Alba  

"Sinapis  Nigra  

•Spiritus  Sinapis  

Charta  Sinapis   

Thiosinamin    


Cantharidin  Group  (p.  707), 

•Cantharis    

Ceratum  Cantharidis  

Tr.  Cantharidis  

Capsicum  

Tr.  Capsici  

Oirysarobinum    


Strength ; 
Strength  ; 
(See  Lesson  2). 


Lesson  13.— Linaments  (state  ingredients)   Chapter  XXIX,  p.  718). 


Lin.   Ammoniat    

D.n.t. 

Lin. 

D.n.t 

"    Belladonnsc  

"    Camphone    

Dm    " 

"    Chloroform!   

Sinapis  

D.n.t. 

Lesson  14. —  Simple  Bitters 
(Chapter  XXX,  p.  722). 

Tr.  Calumbx  

"Gentiana    

Tr.  Gentianx  Comp 

Elixir  Gentiaiue  

•Quassia   

Tr.  Quassise  

Elix.  Taraxaci  Comp 

Astringent  Bitters  (p.  723). 

Tr.  Serpentariee   

Fldext.  Cimicifugat   

Aromatic  BiTtEES  (p.  724). 

•Calamus  

Tr.  Aurantii  Amari 

Aromatics,  Carminatives  and 
Condiments  (p.  725). 

Spir.  Menthse  Piperita 

Tinct.  Zingiberis 

Tinct   Cardamom!   Co 

Fil.  Asafigtidg  .  - 
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Latin  Name. 

Lesson    15.— Cathartic   Oils 
(Chapter  XXX,  p.  738). 

01.  Tiglii 

•01.  Ricini  

Emodin  Group  (p,  739)- 

Fldext.  Sennje  

Inf.   Senni  Co 

Pulv.  Glycyrrh.  Co 

Species  Laxantes  

•Rheum   

Pulv.  Rhei  Co 

Pil.  Rhei  Co 

Tinct.   Rhei   Arom 

Syr.   Rhei  Arom 

Mist,  Rhei  el  Sodx 

•Fldext.  Rhamni  Pursh 

Fldext.  Rhamni  Pursh.  Arom. 

Aloe   

•Tinct.  Aloes  

Pil.  Aloes   

"    el  Ferri  

"       "    et  Myrrhfe  

Pil.  LaxativEe  Co 

Lesson  16. —  Anhydbid  Cath- 
artics (Chapter  XXX,  p. 
?33). 

Pulvis  Jalapse  Comp 

Resina  Scammonii  

Resina  Podophylli  

•Colocynthis  

Ext,   Colocynthydis   Comp 

Pil.   Catharlicz   Comp 

Pil.   Catharticae  VeKetabilis..  . 

Trituratio  Elaterini  

Cambogia    

Manna    

Carbo.  Ligni  

Suppos.  Glycerin!   

Pel.  Bovis  Purific 

Lesson    17.—  Anthelmintics 

(Chapter  XXX,  p.  744)- 
•Pepo   

Oleoresina'  Aspidii  '.'.'.'.['.'.'.'.'. 

Pelletierinse  Tannas  

Santoninum    

Trochisei  Santonini  


Draw  sketch. 

Why  previous  exhaustion  with 

alcohol  ? 
Ingredients : 


Why  should  cascara  be  stored? 
How  is  bitter  taste  lessened? 
Name  official  1 
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Latin  Name. 

Tox- 

icity. 

Remarks. 

Lesson   18.— Strychnin  Group 

(Chapter  VIII,  p.  160). 
•Nux  Vomica  .. 

D.n.t. 
C 

D.n.t. 
D.n.t. 

C 

H 
H 
H 
C 
H 
C 

D.n.t. 

D.n.t. 

D.n.t 

C. 

Name  per  cent,  of  Strychnin  in 

each  preparation. 

Name  alkaloids.    Draw  sketch. 

Elixir   Fer.  Quin.  et  Strych, 

Caffein  Group  (p.  173). 

•Thea     . .     . 

Caffeina  Citrata  Effervescens . 
PicROToxiN  Group  (p.  177). 

Cieuta  Virosa 

Lesson  19.—   Morphin  Group  (Chapter  IX,  p.  202). 
Name  the  principal  alkaloids  and  acid  of  opium.    State  the  opium  and 
morphin  percentage  of  each  of  the  preparations. 

•Opium    

Opii  Pulvis  

Opium   Deodoralum    

Pil.   Opii 

•Tr.  Opii    

•Tr.  Opii  Caraph , 

Pulv.  Ipecac  et  Opii 

Tinct.  Ipecac  et  Opii 

Lotio  Opii  et  Plumbi 

MorphinK  Hydrochlor 

Mor^hinx  Sulphas  

Codein«  Phosphas  

Heroinse  Hydrochlor 

Lesson  20.— Sundry  Organi 

Narcotics    (Chapter   IX,   p. 

ao7>. 

Ext.  Cannabis  Indies 

Tr.  Cannabis  Indicae 

•Hydrastis    


V  made?    What  purpose? 
Dose  for  infants:  Main  Ingre- 
Insredients : 


Solubility  in  water: 
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Latin  Name. 

''Sanguinaria   

Hydrastininae   Hydrochl . . 
Lesson  21. —  Cocain  Group 
(Chapter  X,  p.  222). 

Vinum  Cocae   

Cocainse  Hydrochlor.   . . . 

Eucain   (beta)  

Orthoform    

Elixir  Eriodictyon  Co.... 


Solubility  in  water: 


Lesson  22.— Atropin    Group    (Chapter   XI,  p.  243). 
The  important  alkaloids  belonging  to  the  group  are: 
The  important  drugs  belonging  to  the  group  are : 
The  average  per  cent,  of  alkaloids  is: 
The  ordinary  dose  of  the  Fluidextracts  is: 
The  strength  of  the  Tinctures  is: 
The  strength  of  the  Extracts  is; 

How  does  the  strength  and  nature  of  the  Hyoseaymus  constituents 
differ  from  that  of  the  other  drugs? 


Stramonium  

Tinct.  Bellad.  Fol.  . 

Ext.  Bellad  Fol 

Emplastrum  Bellad.. 

Linim.    Bellad 

Tinct.  Hyoscyami  . . . 
Atropinz  Sulphas   , . 


D.nt. 


in    water:    Strength    for 
__e  in  eye: 
Strentfth  for  use  in  eye : 


Lesson  23.^Nicotin,  Pilocab- 

piN,  Physosticmin,  Etc. 

(Chapter  XII,  p.  284). 

Stale    the    solubility    of   the 

alkaloids  in  water. 

Pilocarpin.  Hydrochlor. 

Curara   

*Nicotina    

Fluidextractum  Conii  . . . 

Coniina    

Tinctura  (Jelsemii 

Tinctura  Lobelix  

Scoparius    

Sparteinx  Sulphas  

Physostigminie   Sulphas. . 

Lessow  24.— In  TERN  al  Secre- 
tions (Chapter  XIIIV 
Gland.  Suprarenales  Siccx... 

Suprarenal   Alkaloid   

Gland    Thyroid.   Siccse 

Nuclein    


Origin,  constituents: 


Important  constituents! 
Synonym.    Strength  for  eye; 
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Latin  Name. 

Tox- 
icity. 

Remarks. 

Lesson   25  — Emetics    (Chap- 
ter XIV). 

doses. 

Apomorph.  Hydroehlor.  

•Ipecacuanha  

D.n.t. 
C 
C 
C 

c 
c 
c 

D.n.t 
C 
C 

D.ri.t 

C 
D.ii.t. 

C 
D.n.t 

C 

H 

C 
C 
C 
C 
C 
C 

C 

c 
c 
c 

D.n.t. 
D.n.t, 
D.n.t. 

c 

D.n.t. 
D,n.t. 

p.  307- 

Draw  sketch,    p.  31a 

P-  313- 

Ingredients : 

Lesson  26. —  Aconite   Series 
(Chapter  XV). 

Strength : 

Strength,    p.   329. 

p.  330- 

Lesson  27  — Quinin  Group 
(Chapter  XVI,  p.  341). 

of  alkaloids. 

InKTcdients: 
Solubility  in  water: 

"       Hydroehlor 

"       "       " 

Lesson  s8. —  ANTiPYBEncs 
{■Chapter  XVII,  p.  354). 

Pulv.   Acetanilidi   Comp 

(imposition. 

Lesson  ag.— (jdal-Tab  Ann- 
SEPTics    (Chapter   XVII,   p 
364). 
State  the  strenitth  for  local 

*PhenoI  Uquefactom  

*■   . 

Liq.  Cresolis  Comp 

,ab,GoOglc 


Main  ingredients: 


Latin  Name. 

PyrORallol    

Resorcinol  

•Uva  Ursi    

♦Creoagtum  

Guaiacol  

Guaiacoli  Carbonas  

'Thymol    

Liq.  Aniisept 

Lessom  .to. —  Coal-Tab  Anti- 
septics, Continued  (Chapter 
XVII,  p.  371)- 

Pix  Uijuida  

•Syr.   Picis  Liq 

Methyl thioninx  Hydrochlor. . 

Add.   Picrlcum   

Acid.  Salicyl 

•Sodii  Sahcyl 

•Methylis  Salicyl 

Aspirin  

Acid.  Benzoic 

Sodii  Benzoas   

Naphthalinum    

Betanaphthol    

Serum  Antidiphther 

Lesson  31.— Alcobouc  Liquids   (Chapter  XIX,  p.  423). 
State  the  alcoholic  strength    (by  volume). 


♦Alcohol    

Alcohol  Dilutum  . 
•Spir.  Frumenti  ... 
•Spir.  Vini  Gall.  .. 


Lesson   .12. —  A  nesthetics 

(Chapter  XIX,  p.  44a). 

•Chloroformum  

Spir.  Chlorofomii 

Bromoformum  

Ethylis  Chloridum  

*MtheT    

Spir.  .Stheris 

Spir.  .^Iheris  Comp 

*.^ther   Aceticus    

Lesson    33.  —  Hydrocarbon 
Hypnotics  (Chapter  XIX,  p. 

444)- 

Slate  the  solubility  in  water. 
*Chloralum  Hydratum   . . . 
Chloral  formamidum    . . . 
Chloroform  Acetone  .... 
Ethylis  Carbatnas 


lum  Album  . . . 

"      Rubrum  , . 

"      Xericutn  .. 

"      Portense   . 

Champagne  

Ale  and  Porter  . 
Beer   
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MATERIA   MEDICA   LESSONS   34   TO   38. 


Latin  Name. 

Hedonai    

Veronal   

Sulphonmethanum   

Sulphonethylmethanum 

Paraldehydum   

Amylenc  Hydrate 

Lesson    34.— Form 
Group     (Chapter     XIX, 
452)- 

•Liquor  Formaldehydi 

Paraform  

H  exam  ethyl  enamina    .... 

Lessok  .15. —  Camphor  Group 
(Chapter  XXI,  p,  465)- 

*Camphora     

*Spintus  Camphorx 

•Liniment.  Camphor*  

•Menthol 

Lesson   36. — Cvanid  Group 
(Chapter  XXI,  p.  470). 

•Ac.   Hydrocyan.  Dil 

•Potassit  Cyanidum  

'Syr,  Pruni  Virgin 

•Amygdala  Amara  

•Spir.  Amygd.  Amarse 

Lesson  37. —  Nitrites    (Chap- 
ter XXI,  p.  476)- 

•Amylis  Nitris   

•Spir.  .^ther.  Nitros 

Sodii  Nitris  

Spir.  Glycerylis  Nitratis 

Tabellz  Trinitrini   

Lesson   38.— DrciTALis  Group 

(Chapter  XXII,  p.  496). 

State  the  drugs  of  the  group. 

Name  the  active  constituents 

of  digitalis,  and  their  solubility 

in  alcohol  and  water. 

•Digitalis  

Tinctura  Digitalis  . 
Infusum  Digitalis  . . 
Tinctura  Strophanth 

Scilla    

Tinct.  Scillae 

Syr.  Scilis  Comp.  . . 
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Latin  Name. 

"tox- 
icity. 

Remarks. 

Lesson  39— Ergot  Group 

(Chapter  XXIH,  p.  509). 

Name  the  active  ingredients  of 

Erjtot. 

C 
C 
C 
C 
C 

C 
C 
H 

Fluidextr.  Viburni  Prunifol... 

Lesson  40.— Sapotoxin  Group 
(Chapter  XXIIl,  p.  514). 

%.    ■ 
Ingredients : 

Lesson  41,— Couch  Mixtures 
(Chapter  XXIII,  p.  519). 
State  main  inftredients  of 

Mist.  Glycyrrh.  Co 

Syr.  SciflK  Co 

(See  Lesson  38,) 

Syr.  Pini  Strobi  Co 

Lesson  42-- Osmotic  Action 
(ChapterXXIV,  p.  540). 

Urea  

Cathartic  Salts  p.  545). 
State  the  ordinary  dose  of  all   soluble  cathartic  salts. 


:i  Carbonas  . 
Oxidum  .. 


Sodii  Phosphas 

Sodii   Sulphas    

'Saccharum  Lactis  ... 
Liquor  Magnesii  Cilr. 
Liq.  Sodii  Phosph.  Co 


State   the   ingredients   of   the   white  and   blue    Seidlitz    powders. 
Name    the    prmcipal    effervescing   cathartic   salts   and   their    dose. 


Lesson  43  — Cathions  (Chap- 
ter XXV,  p.  558). 

C 
C 
C 
C 
C 
H 

H 
H 
C 
C 
H 

Lithii  Citras  Effeivescens  . . . 

Ammonii   Chloridum    

Liq.  Ammonii  Acetatis  

tngredients : 

StrenKth  of  Troches: 

Should   be    freshly   made,   be- 

Calcii  Carbonas  Precip 

•Liquor  Cakis 

Cakii  Phosphas  Prec 
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MATERIA    MEDICA    LESSONS    44    TO    47. 


Latin  Name. 

Tox- 

Remarks. 

C 

D.n.t. 
C 

C 

c 

c 
c 

D.n.t. 
C 

D.S.t 

c 

D.n.t. 

Lessok  44-— Anions  (Chapter 
XXV,  p.  568). 

(The  seneral  solubility,  and 

The  general  dose  and  solubil- 
ity of  all  iodids  is: 

Strength  ofTrochisci: 

•        '1      Permanganas  

Strength  for  local  use : 

'■      Boricum  Pu!v. 

Glycerituni  Boroglycerini  

PereentaKe : 

Lesson  45. — Acids 

Chapter  XXVI,  p.  586). 

The  strength  of  ail  Dilute  Acids  is  ir%:  with  what  exceptions? 


Acidum   Hydrochloricum 

Acidum  Hydrochloricum  '^'1. 
Ac,  Nitrohydroehloricum,  Dil. 

Ac.  Nitricum  

Ac.  Phosphoricum  

Ac.  Phosphoricum  Dil 

Ac.    Sulphuricum    


Ac.  Sulphuricum  Dil 
•Ac.  Aceticum  Dilutun 

Ac'  Oleicum  ..'.'.'.'.'. 
Ac.  Sulphurosum  . . . 
Ac.  Trichloraceticum 


Lesson  46.— Alkalies  (Chapter  XXVI,  p.  597)- 
The    following   are    studied    in    preceding   lessons:    Magnesia   and 


Liq.  Potassa  Slrensth 

Aq.    Ammonia;    Strcnalh.. 


Potassii  Carbonas  . . 

*Sodii  Carbonas  

*Sodii  Bicarbonas  . . . 

Piperazin    


main  ingredients  of  Carlsbad  and  Hunyadi  Waiers. 
Lesson  47.— Metals   (Chapter  XXVII). 


Lesson  47. — Metals 
(Chapter  XXVID. 

ARSENIC    (p.    616). 

Arseni    Trioxidum 

Liq.  Poras^iii  Arsenitis 

Liq.  Arseni  et  Hydrargyri 

iQdidi   

Sod.  Cacodylate  


I  All  fluid  arsi 
(contain  — %  o; 
I     Their  dose  is 
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ANTIMONY  (p.  619). 

Antimonii  et  PotassiiTartras. 

Vinum  Antimonii  

Syr.  Scilljc  Comp 

BISMUTH    (p.  621). 

Bismuthi  Subcarbonas 

*Bisniuthi  Subnitras 

Bismuthi  Subgallas 

Lesson  48. — Ikon 
(Chapter  XXVII,  p.  628). 

Liquor    Ferri    Subsulph 

Ferrum  Reduetum   

Massa  Ferri  Carb 

Pil.  Ferri  Carb 

Ferri  Sulph.  Exsicc 

Pil.  Aloes  et  Ferri 

Ferri  et  Amm.  Tart 

Syr.  Ferri  lodidi 

*Tincl.  Ferri  Chlor..... 

Organic  Iron  Preparations.. 

MANGANESE  AND  CHSOMIUM. 

(p.   632). 

Mang.  Diox.  Prsec 

*Pot.  PermanR 

Chromii  Trioxid 

•Pot.  Dichromas 


Lesson  49. — Aluminum  Gkoup 
(Chapter  XXVII,  p.  633) 
Alumen     ■ 


SILVER  GROUP    (p.  636)' 

Argenti  Nitras  . 

•Argenli  Ni 

Collargol    ■ 

Organic  Silver  Prep 

Auri  et  Sod.  Chlor 

COPPER-ZINC  GROUP  (p.  638). 

Slate  strength  for  local  use 
•Cupri  Sulphas  

Zinci  Phenolsulph 

Zinci  Sulph 

Liq.  Zinci  Chlor 

Zinci  Oxidum  

Ung.  Zinci  Oxidi 

Lesson  50.— Mercury  (p.  645)- 

State  strength  for  local  use. 

Massa  Hydrargyri   

•Ung.  Hydrargyri  

Ung.  Hydrargyri  Dilut 


D.n.t 
D.n.t 
D.n.L 


Strength  for  local: 
Strength  for  local: 
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MATERIA   MEDICA   LESSONS   51    TO   53. 


Latin  Name. 

ANTIMONY  (p.  619). 

Hydrarg.  Chlor.  Mite 

Hydrarg.   lodid.  Flav 

Lotio    Nigra 

TJng.  Hydrarg.  Ox.  Rubr 

Hydrarg.  Chlor.  Corros 

X^tio   Flava    

Liq.  Hydrarg.  et  Ars.  lod.. 

TJng.  Hydrarg.  Nitratis 

Give  the  Latin  name  of  Gray  Pi 

Lesson  si. —  Lead 
(Chapter  XXVII,  p.  653). 

Plumbi  Acetas  

Liq.  Plumbi  Subacet 

Liq.  Plumbi  Subacet.  Dil 

Emplastr.  Plumbi   

PHOSPHORUS    (p.   658). 

•Phophorus  

Pil.  Phosphori  

Dose  of  hypophosphites : 

Syr.  Hypophosphitum  

Syr.  Hypophosphitum  cum 

Lesson  52.~Euollients 
(Chapter  XXXI,  p.  750). 

01.  OlivEe  !^!'."'.' 

•01.  Gossypii  Seminis 

01.  Lini  

Ac.  Oleicum  


Ingredients ; 

Ingredients: 

%. 

:  White  Precipitate. 


•01.  Theobromatis  

•Adeps  Benzoinatus 

Adeps  Lam  Hydros 

•Petrolatum   

•Petrolatum  Album   

Unguentum   

•Ung.  Aqux  Rosje 

Ceratum   

Lesson  53.— Wajleb  and  Res- 
ins (Chapter  XXXI,  p.  752) . 

•Cera  Flava   

•Cera  Alba    

•Paraffinum    

Elastica    

Gutta  Percha  


plaster- masses  (p.  7S3), 
State  the  English  name  and 

the  ingredients  of  the  follow- 
ing Emplastra : 
Adhesivura, 
Belladonnx, 

Hydrargyri, 

Ichthyocolte, 

Plumbi. 

Resinac.    
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Latin  Name. 
Lesson  54. — Demulcents 
(Chapter  XXXI,  p.  754). 

'Linum    

'Linura  Contusum  

Cataplasma  Kaolini  

•Acacia 

*Mucilago  Acacife  

•Tragacantha  

*Chondrus   

*Gelatinuin   

MECHANICAL    FKOTECTIVES: 

*Lycopodium    

•Talcum    

•Amylum   

•Collodium  

Collodium  Flexile   

Gossypium  Purif 

Calcii  Sulphas  Exsic 

Liq.   Sodii   Silicates 

Lesson  ss. — Nuthients  anc 
Ferments  (Chapter  XXXH, 
P-  757)- 

Pepsinum    

Fepsinum   Saccharatum. . . 

Liquor  Pepsin!   

Glyeeritum  Pepsini   

Pancreatinum  

Papain   

•Extr.  Malti  

♦Extr.  Carnis   

Vin.  Carnis  et  Ferri 

•01.  Morrhuie 

•Emuls.  01.  Morrhue 

Emuls.  01.  Morrhue  cun 
Hypophos 


Draw  sketch. 
Ingredients : 


Draw  sketch. 
Draw  sketch. 
Draw  sketch. 


DiRestive  Power: 

%. 

Digestive  Power: 


B.— BIBLIOGRAPHIC  REFERENCES  FOR  COLLATERAL 
READING. 

Introductory.— It  is  highly  desirable  that  the  student's  knowledse 
of  pharmacology  should  not  be  limited  by  the  statements  and  views 
contained  in  a  single  text-book.  Some  excursions  into  the  original 
literature  are  especialy  valuable,  and  indeed  indispensable,  for  a  real 
understanding  of  the  subject.  Even  elementary  students  should  read 
and  abstract  at  least  a  few  of  the  papers  in  the  subjoined  lists,  which 
may  serve  as  a  guide  for  this  collateral  reading.  Advanced  students 
and  beginning  investigators  should  aim  to  cover  as  many  as  possible 
of  List  IV,  The  lists  have  been  compiled  with  a  view  to  making  them 
representative  rather  than  exhaustive.  Preference  has  been  given  to 
the  papers  which  deal  with  general  problems,  or  which  illustrate  meth- 
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BIBLIOGRAPHIC    REFERENCES.  979 

ods  of  research,  over  those  which  deal  wilh  more  circumscribed  topics. 
Some  of  the  latter  have,  however,  been  introduced,  when  they  cover 
points  of  special  interest.  The  more  recent  articles  have  usually  been 
preferred,  since  they  give  a  more  representative  view  of  the  present 
standpoint  of  knowledge.  They  are  also  more  useful  as  guides  to  the 
special  literature  of  the  subject.  A  number  of  older  papers  of  classical 
value  have,  however,  been  retained.  These  should  only  be  read  in 
connection  wilh  the  more  recent  papers,  or  under  the  critical  guidance 
of  the  instructor.  Indeed,  the  value  of  the  entire  course  of  reading 
may  be  manifolded  by  discussing  the  abstracts  in  seminars. 

The  accessibility  of  the  papers  has  also  been  a  factor  in  their  selection. 

These  lists  make  no  pretense  to  a  complete  bibliography  of  any  sub- 
ject. Those  in  search  for  further  information  nay  be  guided  by  the 
references  in  the  papers  of  List  IV;  by  the  more  extensive  bibliog- 
raphies in  some  of  the  other  text-books  of  list  I  (notably  Binz,  Cush- 
ny,  Robert,  Schmiedeberg,  Hale  While,  and  Wood)  ;  in  the  critical 
bibliographies,  especially  of  the  Ergebnisse  der  Physiologic,  and  of  the 
Biochemisches  Centralblatt  (the  most  important  being  quoted  in  List 
II)  ;  or  by  the  references  in  the  text.  Only  the  name  and  year  of 
publication  are  given  in  the  latter ;  the  exact  reference  can  be  found 
in  the  Bibliographic  Register,  preceding  the  Index. 

List  I.  Reference  B«olc«  —  Systematic  Phannacology  and  Ther> 
apeutics: 

The  books  marked  •   seem,  the  most  indispensable. 
•1891.     Bins:     Vorlesungen   ueber   Pharmakologie.     Berlin. 
*i88S-    Louder    Brunton:     Pharmacology,    Therapeutics    and    Materia 
Medica.      Philadelphia. 
1898.    Lander  Brunton:     Lectures  on  the  Actions  of  Medicines.    New 

York. 
1853-1856.     Buchhcitn:     Arineimittellehre.     Leipzig. 
■1903.    Cushny:     Pharmacology   and   Therapeutics,     Philadelphia. 
•1904.     Heine:     Handb.  d.   Path,  und   Pharmako!.    Jena, 
•1897.    Kobert:     Pharmakotherapie,     Stuttgart. 
1901.    Pembrey  and  PhiUips:    Physiol.  Action  of  Drugs,    London. 

1900,  Pensoldt:     Klinische    Arzneibehandlung.     Jena. 
•1902.     Schmiedeberg:     Pharmakologie.     Leipzig. 

1901.  Ti^peiner:    Arzneimiitellehre.    Leipzig, 

•1901.    Hale  White  (Editor)  :    Textbook  of  Pharmacology  and  Thera- 
peutics.    Edinburgh. 
*i902.    Wood:    Therapeutics.     Philadelphia. 
1904.     Yeo:     Manual  of  Medical  Treatment.     Chicago. 

Pharmacognosy,  Materia  Medica,  etc. 

Bastin:     Laboratory   Exercises   in   Botany. 
Cobhnts:    Handbook  of  Pharmacy.     Philadelphia. 
1882.    Draggendorff :     Pflanienanalyse.     Gottingen. 
1898.     Draggendorff:     Heilpflanzen.     Stuttgart, 
1885.    FlUckigcr  and  Tschirck:     Pharmakognosie.     Berlin. 
Fluckiger  and  Hanbury:     Pharmacographia. 
Gray's  Manual  of  Botany. 
■1900.    Hager:     Pharmaceiilische  Praxis  (2  vol.),     Berlin. 
*I904.     Halcher  and  Sollmann:     Textbook  of  Materia  Medica,     Saun- 

1882.    Husemann  and  Hilger:    Pflanzensloffe  (2  vol.). 

Maiseh:    Organic  Materia  Medica,    Philadelphia. 
•  Mann:     Manual  of  Prescription  Writing.     New  York, 

■  Notional  Dispensatory. 

National  Formulary. 
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Kemington:     Practice  of  Pharmacy. 

Robinson:    Latin  Grammar  of  Pharm.  and  Med.    Philadelphia. 
1 901.     Rosea e    and    Sckorlcmmer's    Lehtb.    d.    Organ.    Chemic.      VI. 
Braunschreig. 
United  States  Dispensatory. 
•igos.    United  States  Pharmacopeia. 

Qeneral  Toxlcolosy: 

*  Biytk:     Poisons:  Their  Effects  and  Detection. 

1880.  Boehtn,  Naunyn  and  v.  Boeck:     Handb.  d.  Vergiftungen. 

'  DraggcndortF :     Toxicologic. 

1874.  Hermann:     Experimentelle  Toxicologie.     Berlin. 

■  v.Hofman:     Atlas  of  Legal   Medicine.     Saimders. 

1897.  V.  Jasksck:     Die   Vergiftungen. 

■1901.  Kionka'     Grundriss  d.  Toxicologic.     Leipiig. 

*I904-  Kobert:     Lehrbuch  der  Intoxication  en.     Stuttgart. 

1901.  Knnkel:     Handbuch  der  Toxicologic.     Jena. 

1897.  Lewin:    Toxicologic.    Wien. 

•1852.  Orfila:     Traite  des  Poisons.     Paris. 

1903.  Peterson  and  Haines:     Legal  Medicine  and  Toxicology. 
Tanner:     Memoranda  of  Poisons.     Philadelphia. 

Toxicologic  Analyait;     (See  also  Toxicology.) 
1893.     Fluckiger:     Reactions.     Detroit. 
1897.     Kippenberger:     Nachweis  v.   Giflstoffen.     Berlin. 
•1896.     Otio:     Ausmittlung  der   Gifte.     Braunschweig. 
*i897.     Schaer  and  Zenetii:     Anal.  Chem.  Uebungsarb.     Berlin, 
Holland,   Medical   Chemistry. 
1885.    Wormley:     Microchemistry  of  Poisons. 
List  II.    Larger  Monographs: 

1904.  Abderkatden:     Eibliographie   des  Alkohols.      Berlin. 

"1898.     Atu'ater  and  Langzi-orlhy:     Digest  of  Metabolism  Experiments. 
Office  Exp.  St.     Bulletin  45.    U.  S.  DepL  Agr. 
1887.     Erlenmeyer:     Morphiumsucht.     Berlin. 
*190I.    Fraenkel:     Arzneimittel-Syn  these.     Berlin. 
*i9oa    V.  Fuerth:    Vergl.  Chem.  Physiol,  d.  niederen  These.    Jena. 
*ig02-I9a4.    Hamburger:     Osm.  Druck  und  lonenlehre.     3  vol.     Wie»- 

1904.  LeTiiin:     Fruchlabtreibung  d.  Gifte.     Berlin. 

*i883.  Lewin:     Untoward  Effects  of  Drugs.     Detroit 

•1901.  Overton:     Stiidien  iib.  die   Narkose.     Jena. 

1904.  Wassermann:     Immune  Sera.     J.  Wiley  &  Sons. 

List  III.    Journals  and  Abbreviations: 

A.  f.  H, — Archiv  fur  Hygiene, 

Am.  J.   Ph. — American  Journal   of  Physiology. 

Am.  J.   Phar. — American   Journal  of  Pharmacy. 

Arch,   de  Phys. — Archives  de   Physiologic. 

Arch,  f.  Phvs.— Archiv  fiir  (Anatomic  und)   Physiologic. 

Arch.  int.  Pharm.   (A.  i.  P.  T.)— Archiv  international  de  Pharmatody- 

Arch.   it.— Archives  itahannes  de  Biologic. 

B.  C— Biochcmisches  Centfalblatt. 

Dorp.  Arb.— Arbeiteii  aus  den  pharmakoligischen  Inslitut.  Dorput. 

Du   B.— Du   Bois'   Archiv   fiir   Physiologic. 

Erg.— Asher  &  Spiro.  Ergcbnisse  der  Physiologic. 

H.  B,— Hofmelster's  Beitriige.     z.  Chem.  Phys.     u.  Path. 

H.-S.— Hoppe-Seyler's  Zeitschriff  f.   Physiol.  Chemle. 
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J.  A.  M.  A. — Journal  American  Medical  Association. 

J.  de  Ph. —  Journal  de  Physiologic. 

J.  Exp.  Med. — Journal  of  Experimental  Medicine. 

J.  H.  H.  Bull.— Johns  Hopkins  Hospital  Bulletin. 

J.   Med.   Res.— Journal  of  Medical   Research. 

J.    Ph.— (English)   Journal   of  Physiology. 

Pf, — Pfluger's   Archiv   f.   d.   gesamente   Physiologic. 

Schtn. — Schmiedeberg's  Arch,  fiir  exp.    Path,   und  Pharmak, 

Sk. — Skandinavischcs  Archiv  fiir  Physiologic. 

VIrch. — Virchow's  Archiv  fiir  Path.  Anat.  u.  Physiol. 

Z.  B. — Kuhne's  Zeitschrift  fur  Biologic. 

LUt  IV.    Selected  Papers. 

Arranged  by  the  chapters  of  the  book. 

Methods  of  Inslructton: 
1890.     Abel,  J.  J.     Phil.   Med.  Joum,,   Sept.   I. 
1902.    Sollniann,  T.    J.  A,  M.  A.,  Sept.  6. 
1904.    Sollmann,  T.    J.  A.  M.  A.,  43;  452. 

Assaying    (Chapter 
1897.     KelTcr.     Inaug. 

Toxicology   (Chapte 

1902.  Sollmann.    Coffee  and  Tea  as  Antidotes.    J.  Med.  Res.  7:43. 

1904.  Sollmann.    Antagonism.    Am,  J.  Phys.,  10:352. 

1905.  HelTter  (Excretion  of  organic  substances).    Erg.  IV.  J.  1:184 
(Grit   Bibl.). 

Strychnin    (Chapter  VIII)  : 

1900.  Baglioni.     Arch.  f.   Phys.  Suppl.,    :  152. 

1903.  Gies  and   Meltzer.  *  Am.   J.   Ph.,  9:  1. 

1805.    Gumprecht  (Tetanus  and  older  literature).    Pf.  59:131. 
Caffein  (Chapter  VIII)  1 
Diuresis: 
1886  &  1887.    V.   Schroeder.    Schm..  22:39;    (24:85). 
1887.    Phillips  and  Bradford.    J.  Ph.,  8:117. 
1894-    Raphael.    Dorp,  Arb.,  10:81. 
1895.     V.  Sobieranski.      Schm.,   ,15:144. 

1901.  Anten.     Arch.  int.  Phar.,  8:455. 
1901.    Impens  (Agurin).    /fr.,  9:1. 

Heart: 
1901.    Cushny  and  Naten.    lb,,  9:  t6g. 

Muscular  Work: 
1899.    Schumburg.    Arch.  f.  Phys.  Suppl.,    :289. 
Picrotoxin    (Chapter   VIII): 

1899.  Guinard  and  Dtimarest.     Arch.  int.  Phar,  6:283  and  403. 
Morphin   (Chapter  IX)  : 

1900.  Faust    (Habituation).     Schm.,  44: 217. 
1899.    Impens  (Heroin,  etc.).    Pf..  78:527. 

1901.  Bashford   (Atropin  antagonism).     Arch.  int.  Phar.,  8:311. 
1901.     Reichert.     (Atropin   antagonism).     Ther.  Monthly,   May. 

1903.     Schneiderlin    (Morphin-Scopolamin   Anesthesia).     Munch.   Med. 
Woch,.  March  3- 

1903.  Jacquet  (Gaseous  Metabolism).    Crit.  Bibl.    Erg.,  II  J.,  i:4S7- 

1899.  Dixon  (Anhalonium).    J.  Ph.,  25:69, 

De  Quiney.    The  Confessions  of  an  Opium  Eater. 
Cocain   (Chapter  X). 
1880.    V.  Anrep,    Pf.,  21 :  38. 

1904.  Dixon.    J.  Ph..  32:87. 

1900,  Bier  (Spinal).     Muench.  Med.  Woch,,  Nov.  21. 
1903.    Loewy  and  Mueller  (Yohimbin),    lb..  No,  15. 
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Atropin,  elc.   (Chapters  XI  and  XII)  : 
General: 

1898.  Schuiz  (Eye).    Arch.  f.  Phys.,  :  53. 

1901.  Bayliss  and  Starling  (Intestine).    J.  Ph.,  36:125. 

1905.  Magnus  (Intestine).    Pf.,  108:1. 

1905.  Olt  (Intestine),     J,  A.  M.  A.,  44:1919. 

1903.  Cannon  (Intestine).    /6.,  40:749. 

1903.  Dixon  and  Brodie   (Bronchial  Muscle).     J.  Ph.,  19:97- 

1903.  Dixon  and   Brodie   (Palhol.  Asthma),     Trans,   Path.   Soc..    :  54. 

1900,  Mathews,  A,   P,   (.^tropin.  Saliva),     Am.  J.  Ph,,  4:482. 

1899,  Lewin  (Atropin,  Resistance).    Deut,  Med,  Woch.,  25:37. 
1903  Cushny   (Atropin  and  Hyoscyamin).    J,   Ph.,  30:176, 
19CX),  Jowett  and  Marshall  (Pilocarpin).    Brit.  Med.  J.,  Oct. 
1850.  CI.  Bernard  (Curare).    Compt.  Rend.,  311533- 

1856.  CI.   Bernard    (Curare),    lb..  43:825. 

1894.  Boehm  (Curare).     Schm.,  35:16. 

1901.  Rothberger  (Curare).    Pf.,  87: 117. 
1893.  Cushny   (Gelsemin).    Schm.,  31:49. 

1895.  Cushny  and  Matthews  (Spartein).    lb.,  35:129. 
1869.  Schmiedeberg  and  Koppe  (Muscarin).    Leipzig. 
1901.  Carter  (Poisonous  Mushrooms).    Am.  J.  E'h.,  5:138. 
1890.  Langley   (Nicotin).     J.  Ph.  11:123   (11:509). 

189a     Langley  and  Dickinson   (Nicotin  literature).    J.   Ph.,  11:265. 

1901.     Habermann    (Tobacco-smoke).     H.-S.,  33: 55. 

1864.     Fraser   ( Physostigmin ) .     Edinb.  Med.  J.,  9:36. 

1876.     Harnack   and   Witkowski    (Physostigmm).     Schm,,  5:401. 

1903.  Dixon  (Apocodein).    J.  Ph.,  30:97, 
Heart: 

1898.    Hedbom.    Sk..  9:  i- 

1895.  LangendorfF.    Pf„  61 :  292. 

1898.  Bock.   Schm.,  41  :  158, 

1899.  Cleghom.    Am.  J,  Ph„  2 :  273, 

1893.  Pickering  (Embryonal  Chick).    J.  Ph,,  14:383- 
yesseh: 

1894.  Bradford  and  Dean,    J.  Ph,.  16:34. 

1896.  Paldrock,     Dorp.   Arb.,   13:1. 
1899.     Pick,     Schm,,  42:426. 

Suprarenal   (Chapter  XII); 

1895.  Oliver  and  Schaefer.    J.  Ph.,  18:230. 
1901.     Langley.     J.  Ph.,  27:23?- 

1901.    Takamme.    Am.  J.  Phar.,  63:523. 

1904.  Brodie  and  Dixon.    J.  Ph.,  30:476- 

1905.  Meltzer  and  Auer    J.  Exp.  Med.,  7:1. 
1905.    Elliott.  J.  Ph.  32:401. 

Thyroid   (Chapter  XII)  : 
1903.    Oswald  (Critical  Bibliography).    B.  C.  1:249. 

PMorrhisin  (Chapter  XII)  ; 
1903.     Pavy.  Brodie  and  Sian.    J.  Ph.,  29:467. 

Emetics  (Chanter  XIV) : 
1886.    Schutz  (Excised  Stomach).    Schm.,  21:341. 
1903.    Magnus  (Crit,  Bibl.).    Erg.,  H  J.,  1:637. 
1874.    Harnack  (Apomorphin).    Schm.,  2:254. 

1901.  Paul   and   Cownley.     Am.  J.   Phar.,   73. 

1902.  Lowin.     Arch.  int.  Pharm.,  11:9, 
Aconite,  etc.   (Chapter  XV) : 

1897.  S.  A.  Matthews  (Aconite).    J.  Exp.  Med.,  2:593. 
loor.    Bottazzt  (Veratrin).    Arch.  J.  Phys.,    :3?7- 
189a    Jacob]    (Colchiciim).    Schm.,  27:11a 
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Qumin  (Chapter  XVI>  ; 
:8m.    Binz :    Wesen  der  Chinin  wirkung.    Berlin. 
"  3.  1876,  1877.    Binz.     Schm.,  1:18;  5:39;  7-'7S- 

■  oal  Tar  Derivaihcs  (Chapter  XVll)  : 
904.     Loewi  (Crit.  Bibl.  Temperature).     Erg.,  Ill  J.,  1:332. 
Gottlieb    (Antipyr.   Action).     Schm.,  26:419. 
Baglioni  (Carbolic  Convulsion).    Arch.  f.  Phys.  SuppI,,  :  193. 
Dreser  (Aspirin).    Pf.,  76:306. 

Benedicenti   (Methemoglobin).     Arch.  f.  Phys.,    :21a 
loxins  and  Antitoxins  (Chapter  XVIII): 
(See  Reference  Books.) 
Washbourn.     Article  on  Serum-Therapy  in  White's  Textbook, 

pp.  770  to  817. 
V.  Fuerth,      Poisons    of  invertebrates   in   Verrf.   Chem.,   pp.   304 
to  368. 
190S.     Michaelis   (Crit.   Bibl.   Precipitins).     B.  C,  3:693. 

1903.  Meyer  and  Ransom  (Tetanus  Toxin).    Schm.,  49:369. 
1899.     Roily   (Diphtheria  Toxin  on  Heart).     Schm.,  42:  283. 

Hydrocarbon  Narcotics   (Chapter  XIX); 
General: 

1901.  Overton.     Studien  uber  die  Narkose.    Jena. 
1899,     Meyer,     Schm,,  42:  109;  46:338. 

1904,  Abderhalden,     Bibliographie  iib,  d.  Alkohol.    Berlin.     (504  p.) 
Classified  Titles : 

1^04.    Sollmann  (Critical  Bibliography  Anesthetics),    Am,  Med., 8:455. 

Alcohol: 
1887.    Buiigc.     Die  AlkohoUraae,     Leipzig. 
1898.     Baer   (Relative  Toxicity).     Arch.   f.   Phys.,    :287. 

1902.  Hunt  (Methyl  Alcohol).    J.  H.  H.  Bull,,  13:213. 

1898.  Chittenden,  Mendel  and  Jackson  (on  Digestion).    Am.  J.  Ph., 

i:  164- 

1903.  Rosemann   (Food-value).     Pf,   100:348. 

1892,    Kraepelin.    Ueb.  d.  Beerinfl.  einiger  psych.  Vorgange  d.  einige 
Arzneiniitte!.     Jena. 

1899,  Wendelstadt   (Respiration),     Pf„  76:223. 

1904.  Hellsten   (Muscular  Work),     Sk.,  16:139. 
Anesthetics: 

1875,  CI.  Bernard.    Lecons  sur  les  Anesthetiques.    Paris. 

1891,  Report  of  the  Hyderabad  Commission.    Bombay. 

1903.  Report  of  Chloroform  Commission.    Suppl,  Brit.  Med.  J. 

1894.  Spenzer  (Dosage  of  Ether).    Schm.,  33:407. 

1895.  Rosenfeld  (Dosage  of  Chloroform).    !b.,  37:54. 
1890.  Dastre.     Les  Anesthetiques,     Paris. 

Hypnotics: 
1868.    Liebreich.    Das  Chloral :    Ein  neues  H)rpnoticum,     1868. 
1901,    Impens    (Chloroform- Acetone).    Arch,    int   Phar.,  8: 77, 

Gases  (Chapter  XX): 
1903.    Hill  and  Macleod  (Atmosph.  Pressure).    J.  Hyg'.,  3:401. 
190a    Haldane  (CO).     J,  Ph.,  2.^:225. 

1903.  Vahlen  (Ilium,  Gas).    Schm.,  40:245. 
Camphor   (Chapter  XXI): 

1905.  Seligmann    (Circulation),     Schm.,   sa:333. 
Hydrocyanic  Acid: 

1889.    Geppert,    Ztsch.  f.  Klin.  Med.,  15:208  and  307. 

Heymans  and  Masoin.    Nitriles.  Arch.  int.  Pharm.  3:77,  359; 
7:297;  8:1. 

1904.  Hunt.  Nitriles.    lb.,  12:447. 
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Digitalis   (Chapter   XXII): 

1880.  Williams.    Schm..  13:1. 

1807.  Cushny.    J.   Exp.   Med.,  2:233. 

iSgg.  Cushny.    J.  Ph.,  25 :  49- 

1901.  Gottlieb  and  Magnus,    Schm,,  47:135. 

I9«.  "     


-,.  . —     ---,,  , ,  -;  ns;  12:395. 

1897.  Jacob).    Schm.,  .19:85. 

1905,    Sollmann  and  Brown,    J,  A.  M,  A.,  45:  July  22, 

Gelatin   Injection: 
1905.    Bass.    Centbl.  f.  Grenzgeb.  d,  Med.  Chir,    7,  Nos.  21  and  22. 

Sapoloxin : 
1887,     Robert.     Schm.,  23:233, 

1904.  Robert.    Saponinsubstamen.    Stuttgart,     (ii2   p.) 
1899.    Stewart,  G,  N,  J,   Ph.,  24:211. 

1902,     Stewart,  G,  N.  J,  Exp.  Med,,  6:257. 
igol.     Ransom,     Deut.  Med.  Woch,,   :  194. 

Salt  Actions  (Chapters  XXIV  and  XXV)  : 
1902-1904.    Hamburger,     (See  Reference  Books). 

1905.  Aron    Colloid  solutions   (Grit  Bibi,)  B,  C.  3:461,  501;  4:505, 

553- 
1873,    Bunge.    Z,  B,.  9:104. 

1883  &  1884.     Hay,     J.  Phys.  and  Anat,.  16  and  17. 
1896.     Bosc  and  Vedel    (Massive  Injections),     Arch,   de   Phys,,  8:937- 

1898.  Wallace  and  Cushny.    Am.  J,  Ph.,  1:411. 

1898.  Miinzer.    Schm.,  41 :  74- 

1899.  Straub.    G,  B,.  38:537 

1900.  Magnus.     Schm.,   44 :  68. 

1901.  Sollmann,     Schm..  46:1. 

1902.  (Tushny.    J.  P..  27:429;  28:431- 

1903S1905,    Sollmann,    Am,  J,  Ph.,  9:425;  13:241-303. 
lon  Actions  (Chapter  XXV)  : 
General: 
1873,    Forster   (Chlorid  Excretion).     Z.  B-,  9:279- 
1898.    Howell  (Heart).    Am.  J.  Ph.,  2:47- 

1901.  Locke    (Solution),     Cbl,   Ph,,   14:620. 

1902.  Loeb,  J.    Am,  J,  Ph,,  6:41a 

1903.  MeCallum,  J,  B,   (Peristalsis).     Calif.   Physiol.,  1:115. 
1903.    Widal  and  Javal    (CI.  Retention).    Presse  Med,,   No,  51. 
1903.     Pauli,     Miinch.   Med,   Woch,,   No.  4. 

1903,    Heffter  (Crit,  Bibl.  Excretion),    Erg^'II  J,,  1:95- 
1903.    Hober  (Crit,  Bibl,  Colloids).    B,  C.  1:497- 

1903,  Matthews  (Diuretic  Solution),     J.  A,  M,  A„  41:566  and  616. 

1904,  Maihews,  A,  P.  (Solution  Tension),    Am,  J,  Ph.,  11:455, 

1905,  Mathews,  A.  P,   (Antitoxic  Action).    lb..  12:419- 
1905,    Macallum.  A.  B.  (K.  in  cells),    J,  Ph,,  32:95- 

1903.  Tappeiner  and  Jesionek  (Fluorescence).     Munch.  Med.  Woch., 

No,  47, 
1905,    Michaelis  (Fluorescence,  Crit,  Bibl.)   B.  C.  4:i73- 

SpeciAc  Ions: 
1886&1887-     Marchand    (Chlorates),      Schm.,   22:201;   23:273, 

1900,  Forminek   (Ammonium),     Arch,  int.  Pharm,,  7:229, 

1901.  Stockman  and  Charteris   (lodid).     Brit,  Med,  J.,  Nov.  23, 

1904.  Wiley  (Boric  Acid),     Bur,  Chem.  Circular  No.  13,  U.  S,  Dept, 

Agr. 

1905.  Rost   (Boric  acid,  Crit.  Bibl.)  Arch.  int.  P^arm,,  15:291. 
1901.    Viciinghoff-Seheel   (Oxalate).     Arch.  inL  Pharm.,  8:225. 
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1895.  Ringer  (Calcium,  Heart).    J.  Ph.,  18:425. 
1901.    Sabbatani  (Calcium)   Arch,   it,  36:416. 

Acidt  and  Alkalies  (Cfiapter  XXVI): 

1879.  Walter    (Acid   PoisoninK).     Schm.,  7:148. 
iSgg.    Magnus-Levi    (Diabetic  Coma).    Schm.,  43:149. 

1890.    Stadelmann.     Ueb.   d.  Einfl.  d.    Alkalien  auf  d.  Stoffwechsel. 
Stuttgart. 
MetaU    (Chapter   XXVII): 
1874.    Boehm  and  Unterbergtr  (As.).     Schm.,  2:80. 
i8g8.     Stockman  and   Greig   (Ag.  on   Bone-marrow).     J.   Ph.,  23:376. 

1899.  Magnus   (As.  on  Capillaries).     Schm,,  42:265. 

1901.  Heffier   (Cacodyl).     Schm.,  46 :  230. 

1902.  deBusschler  (As.  Antidote).     Arch.  int.  Pharm.,  10:415. 
1894.  Macallum   (Iron).     J.   Ph..  16:268. 

1896.  Hall    (Iron).     Arch.  f.   Phys.,    :49. 
1898.  v.Bunge   (Iron).     H.-S_^  25:36. 

1900.  Abderhalden   (Iron).    Z.   B.,  39:193. 
1903&1904.    Tartakowski    (Iron).     Pf..    100:586;    101:423. 

1904.    Moore  (Copper  Purif.  of  Water).    Am.  J.  Phar.,  76:553;  also 
critical  discussion.  Science,  21 :  603,   1905. 

1878.  Hamack  (Lead).     Schm.,  9: '52. 

1886.  Jendrassik  (Calomel  Diuresis).    Deut.  Arch.  Klin.  Med.,38:499L 

187a.  Wegner  (P.).    Virch.,  55: 11. 

1894.  Muen^er   (P.).     Deut.   Arch.   Klin.   Med..  52:199. 

1900.  Jacob]    (P.).     H.-S.,  ,TO:  174. 
Folalile  Oils  (Chapter  XXIX): 

1901.  Winterniti   (Antiseptic).     Schm.,  45:163. 

1903.  d'Ormea  (Cerebral  Circulation).    Arch,  it.,  40:141. 

1904.  Kionka   (Valerian).    Arch.  int.  Phartn,,  13:215. 
Ivy  Poisoning: 

i8ot.    Pfaff,    J.  Exp.  Med,,  2: 181. 

CMilharidin: 
1885.     Miirsel.     Schm.,   19:310. 
190a    Ellinger.    Schm.,  45:89. 

1903.  V.  Fuerth.    Vergl.  Chem.,  pp.  352  to  368. 
Nephritic  Drugs: 

1904.  Sollmann    (Critical   Bibl.).     J.  A.  M.  A.,  43:  I5i«. 
Stomachics  (Chapter  XXX)  : 

1890.     Penzoldt  (Orexin).    Ther.  Monatsh,,   :  59. 
1893.    Brandl.    Z.  B.,  29:277. 
1904.     Borisoff.     Schm.,  51:362. 
Calharlici: 

1880,  Brandl   and  Tappeiner.     Schm.,   26:177. 

1903.  Magnus.    Erg.  II  J.   11:63?. 
Ckolagogues: 

1879.  Rutherford.     Trans.  Roy.  Soc,  Edinb.,  29:133. 

1897.  Pfaff  and  Balch.    J.  Exp.  Med.,  2:49. 

1904.  Levene,  Mdvin  and   Michailkowski.    Science,  May. 
Anthelmintics: 

1895&1896.    Boehm    (Aspiditim).     Schm.,  35:  i ;  38:  35- 
1904.     Jaquet    (Aspidium).     Ther.   Monatsh. 

1884.  v.Schroeder  (Granatum).    Schm.,  18:381;  19:29a 

1885.  v.Schroeder  (Santonin).    Schm,,  19:304- 
190a    Filehne  (Santonin).    Pf„  80:96. 

Demulcents  (Chapter  XXXI): 
1892.    Brandl.    Z.  B.,  29:277- 

1902.  V.  Tappeiner.    Arch.  int.  Pharm.,  10:67. 
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APPENDIX  D. 


THE  U.   S.   Pharmacoikeia,   Eighth 


c  given  by  the  Pharmaeopteia  merely  (or  guidance,  and 
nse  compulsory. 


Preparation. 


Average  Dose. 


Approximate 
Equivalent 
Ordinary 
System. 


Acetanilidiim    

Acetphenetidinum    

Acetum  Opii 

Acetum  Scillse    

Acidum  Acelicum    Dilutum    

Acidum  Benzotciim  

Acidum  Boricum    

Acidum  Camphoricum    

Acidum  Citricum    

Acidum  Gallicum   

Acidum  Hydriodicum  Dilulum  .- 
Acidum  Hydrobromicum  Dilutum 
Acidum  Hydrochloricum  Dilutum 
Acidum  Hydrocyanicura  Dilutum 
Acidum    Hypophosphorosuni    Di- 

Acidum  Lacticum    

Acidum  Nitricum  Ditiitum  

Acidum  Nitrohydrochlorieum  . .  . 
Acidum  Nitrohydrochlorieum   Di- 

Acidum  Phosphoricum   Dilutum   . 

Acidum  Salicylicum    

Acidum  Sulphuricum  Aromatii 
Acidum  Sulphuricum  Dilutum 

Acidum  Sulphurosum  

Acidum  Tannicum  

Acidum  Tarlaricum    

Aconitina 


0.250  Gm. 

1  Cc. 

2  Cc. 
0,500  Gm. 
0.500  Gm. 

I  Gm. 
0.500  Gm. 

0.5  Cc'"" 
4  Cc. 
I  Cc. 

0.1  Cc. 


>.500  Gm. 
0.15  milligramme 


15  mmims. 

30  mmims. 
T/i  grajns. 
7'A  grains. 

15  grains. 
T'A  grains. 

IS  grains. 


'  Compiled  hv  Reid  Hunt  and  Motter.  in  Bull.  23,  Hygienic  Labora- 
tory. U.  S.  Public  Health  and  Marine  Hospital   Service. 

'Doses  of  0.030  Cm.  and  above  are  given  as  grams;  below,  as  milli- 

lOII 


.dbyCoogle 


Average  Dose. 


Aconitum   

Mthti   

.^ther  Aceticus 

.Slihylis  Carbamas  . . . 

Aloe    

Aloe  Purificata  

Aloinum   

Alumen  

Atnmonii  Benzoas  ... 
Ammonii  Broniiduni  . 
Aminonii  Carbonas  . . 
Ammonii  Chloridum  . 
Aiiimoiiii  lodidum  ... 
Ammonii  Salicylas  . . 
Ammonii  Valeras    . . . 

Amylis  Nitris  

Anisiim    


1  Potassii  Tartras... 
.  (Emetic... 


Antipyrina 
Apomorphini 


Aqua  Ammonix    

Aqua  Amygdalx  Amarat  

Aqua  Anisi  

Aqua  Aurantii  Florum 

Aqua  Aurantii  Flonim  Fortior  . 

Aqim  Camphoric    

Aqua  Chloroform!    

Aqua  Cinnamomi    

Aqua  Creosoti  

Aqua  Fceniculi    

Aqua  Hamamelidij  

Aqua  Hydrogenii  Dioxidi  

Aqua  Menthae  Piperita  

Aqua  Menthse  Viridis   

Aqua  Rosx  

Aqua  Ro&se  Fortior  

Argenti  Nilras    

Argenti  Oxidum  


0.065  Cm. 

I  Cc. 

I  Ce. 

I  Gm. 
0.250  Gm. 
0.250  Gm. 
0.065  Gm. 

0.250  Gm. 

■  0.250  Gm. 
0.500  Gm. 

0.2  Cc. 

■  0.500  Gm. 

2  Gm. 

5  milligrammes. 
30  milligrammes. 
0.250  Gm. 


16  Cc. 

8Ce. 

8Ce. 
16  Cc. 
16  Cc. 

8  Cc. 
16  Cc 

8Cc. 

4Ce. 
16  Cc. 
16  Cc. 
16  Cc. 

8Cc. 
10  milligrammes. 


Approximate 
Equivalent 
Ordinary 
System. 


15  grains. 

4  grains. 

4  grams. 

I  grain. 
7'/i  grains. 

15  grains. 

IS  graini 

4  grains 
7yi  grains. 

4  grains. 

4  grains. 
7 'A  grams. 


'/,.  grain. 
>/i  grain. 

15  grains. 

'/•  grain. 
'/,.  grain. 
15  minims. 

t  fluid  rachm. 

4  fiuidrachim. 

4  fluidrachms 

2  flui drachms. 

2  fluid rachns. 

4  fluidrachms. 

4  fluidrachms. 

2  fluidradims. 

4  fluidrachms. 

2  fluidrachms 

1  fluid  rachm. 
4  fluidrachms. 
4  fluidrachms. 
4  fluidrachms 

2  fluidracfami 
H  grain 

I  graiiL 
15  grains. 


.dbyCoogle 


APPENDIX.  IOI3 

Average  Doses,   as   Given   by  the  U.   S.    Pbarmacoposia,    Eighth 
Decennial  Revision.— Conlinwd. 


Arseni  lodidum   

Arsenj  Trioxidum    

Asafoetida  

Atropina    

Atropine   Sulphas    

Autantii  Amari  Cortex  

Aurantii  Dulcis  Cortex 

Auri  et  Sodii  Chloridum 

Balsamum  Peruvianum   

Balsamum  Totutanum    

Belladoniue  Folia  

BelladoniUE  Radix   

Benzaldehydum  

Benzoinuni    

Benzosulf^inidum    

Berberis 

Betanaphlhol  

Bismuthi  Citras    

Bismuthi  et  Aminonii  Citras  . , 

Bismuth!  Subcarbonas    

Bismuthi  Subgallas    

Bismuthi  Subnitras    

Bismuthi  Subsalicylas  

Bromoformum  

Caffeina  

Caffeina  Citrata   

Caffeina  Citrata  Effervescens   , 

Calamus    

Calcii  Bromidum    

Calcii  Carbonas  Pnecipitatus  . . 

Calcii  Chloridum    

Calcii  Hypophosphis   

Calcii  Fhosphas  Pracipitatus  . 

Calendula    

Calumba    

Calx   Chlorinata    

Calx    Sulphurala    

Cambogia  

Camphora    

Camphora  Mcmobromata   

Cannabis  Indica  

Cantharis    

Capsicum    


Average  Dose. 


5  milligrammes. 
2  milligrammes, 
0.250  Gm. 

4  Gm. 

0.4  milligramme. 
0.4  milligramme. 
I  Gm. 

5  milligrammes 


,,065  Gm. 
0,045  Gm, 
0.03  Cc, 

1  Gm. 
1,200  Gm, 

2  Gm. 
1.250  Gm. 
1. 125  Gm. 
1. 125  Gm. 

1.250  Gm. 
1.500  Gm, 
i.250  Gm, 


0.125  Gm. 
4Gm. 


0.500  Gm. 
0.500  Gm. 

2  Gm! 
^.,.-,0  Gm. 
0.06s  Gm, 
0,125  Gm. 
0,125  Cm. 
0.125  Gm. 
0.065  Gm, 
0.030  Gm. 
.065  Gm. 


I  grai 

H  grai 
y,  min 
15  grai 

3  gra 
30  grai 

4  gra 
2  grai 
2  grai 


1  gra 

2  grai 

IS  gra- 
rs  grai 
15  gra 
7'A  gra 

7'A  gra 
IS  gra 
IS  gra 
30  grai 
4  gra 
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APPENDIX. 


AvEBAGE  Doses,   as   Given   by   the  U.   S.    Phahmacop(eia,    Eighth 
Decennial  Revision. —  Continued. 


Average  Dose. 


Approximate 

Equivalent 
OrdinaTy 

System. 


Carbo   Ligni    

Catdamomum   

Caryoph^tlus    

Cassia   Fistula   

Cerii   Oxalas    

Chimaphila    

Chloral  form  am  idnm     

Chlorainm  Hydralum   

Chloroformum   

Chondrus  In  decociic 

Chrysarobinum    

Cimicifuga  

Cinchona    

Cinchona  Rubra  

CinchonidtnK  Sulphas    

Cinchoninx  Sulphas   

Cinnaldehydum    

Cinnamomum  Saigonicum  

Cinnamomum  Zeylanicum   

Coca  i  I 


Cocainx  Hydrochlondum   

Codeina  

Codeinje  Phosphas  

CodeitiK  Sulphas   

Colchici  Cormus  

Colchici    Semen    

Colchicina    

Colocynthis   

Confectio  Sennse  

Conium  

Convallaria    

Copaiba    

Coriandrum  

Creosotum   

Creta  Prseparata 

Cubeba   

«s.ipb.,...{^'sr!. 

Cypripedium    

Digitalis   

Elaterinum    


15  grains. 

IS  grains. 
15  grains. 
4  grains. 
60  grains. 

30  grains. 

IS  grains. 
IS  grains. 

IS  grains. 


i  grai 


IS  grai 
IS  grai 
IS  grai 
4  grai 
4  grai 
I  min 
4  grai 


60  grai 

3  grai 

7!4  grai 


4  g"! 
240  grai 

5  grai 
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APPENDIX.                                              IOI5 

Average  Doses,    as   Given. bv  the  U.    S.    Pharmacop<eia,   Eighth 

Decennial   Revision.—  Conlinued. 

AvEBAGK  Dose. 

Prepakation. 

Metric  Syslem. 

Equivalent 
Ordinary 
System. 

Elixir  Ferri,  Quiniiue,  et  Strych- 

4Cc. 

120  Cc. 

16  Cc. 

8Cc. 

8  Cc. 

8  Cc. 
4Cc. 
2  Gm. 

1  Gm. 
0.3  Cc. 

2  Gm. 
0,2  Cc. 

0.500  Gm. 

2  Gm. 

0.125  Gm. 

10  milligrammes. 

10  milligrammes. 
0.250  Gm. 
0,065  Gm. 
0.030  Gm. 

0.500  Gm. 

10  milligrammes. 

0.250  Gm. 

0.125  Gm. 

0.250  Gm. 

I  Gm. 

I  Gm. 

I  Gm. 

0.065  Gm. 

0.500  Gm, 

0.2TO  Gm. 

16  Cc. 

15  milligrammes. 
0.030  Gm. 

8  milligrammes, 
0.065  Gm. 
0.250  Gm. 
0.250  Gm. 

10  milligrammes. 
10  milligrammes. 
0.250  Gm. 
1  Gm. 

Emulsum  Olei  Morrhuae  cun 

Hy- 

Emulsum  Olei  Terebinthirwe 

I  fluidrachm. 

Exlractum   Aloes 

Extracium  Belladonna  Foliorum 
Extractum  Cannabis  Indicae 

H  grain. 
^  grain. 

Extractum     Colocynihidis 

Com- 

Extractum  GlycyrrhiiK  Purum    . 

15  grams. 

'A  grain. 

Extractum  Rhamni  Purshiantt  .. 

4  grains. 

i4  grain. 

,ab,GoOglc 


APPENDIX. 


AvEBACE  Dose, 

Prepabation. 

Metric  System. 

Approximate 
Equivalent 
Ordinary 
System. 

500  Gm. 
250  Cm. 
06s  Gm. 
250  Gm. 
250  Gm. 
500  Gm. 
250  Gm. 
250  Gm. 
250  Gm. 
250  Gm. 
125  Gtn. 

120  Cc. 
200  Gtn. 
250  Gm. 
2.S0  Gm. 
200  Gm, 
l2SGm. 
aoo  Cm. 
06s  Gm. 
.05  Ce. 

I  Cc. 

I  Cc. 

1  Cc. 

•°lg: 

2  Cc. 

1  Cc. 

2  Cc. 
.05  Cc. 
.05  Cc. 

2  Cc. 
I  Cc. 
I  Cc 
I  Cci 
aCc. 

0.2  Cc. 

0.2  Cc. 

°1g: 

1  Cc. 
.05  Cc. 

2  Cc. 

1  Cc. 

2  Cc. 

y'/i  grains. 
4  grains. 

1  grain. 
4  grams. 
4  grains. 

7Y1  grains. 
4  grains. 
4  grains, 
i  grams. 
4  grains. 

2  grains. 

4  tluidouncs. 

3  grains. 

4  grains. 
4  grains. 
3  grains, 

2  grains. 

3  grains. 
I  gram. 

Ferri  Carbonas  Saccharalus   o 

Ferri  et  Ammonii  Citras  o 

Ferri  «  Ammonii  Sulphas o 

Ferri  et  Potassii  Tartras  o 

Ferri  el  Quinina;  Citras  o 

Ferri  et  Quininse  Citras  Solubilis.  o 

Ferri  et  Strychninje  Cilras   o 

Ferri  Hydroxidiim  cnm  Magnesii 
Oxido.  .Arsenical   antidote 

Ferri  Phosphas  Solubilis  o 

Ferri  Pyrophosphas  Solubilis  . . . .  o 

Ferri  Sulphas  Exsiccatus    o 

Ferri  Sulphas  Granulalus   0 

15  minims. 
15  minims. 
IS  minims. 

Fluidextractum  Aromaticum    

Fluidexiractum  Aurantii  Amari  . 

Fluidextractum  Berberidis    

30  minims. 

Fluidextractum  Calumbi    

Fluidextractum  Cannabis   IndicsE       < 

Fluidextractum  Chimaphilas     

.10  minims. 

Fluidextractum  Cimicifugje   

Fluidextractum  Cinchona:    

15  minims. 
IS  minims. 
30  mjnims. 

Fluidextractum  Colchici   Scminis 

Fluidextractum  Convallaris    

IS  minims'. 
15  minims. 

.TO  minims. 
IS  minims. 
.10  minims. 

Fluidextractum  Cypripedii    

Fluidextractum  Digitalis    o 

Fluidexrractum  Eriodictyi   

Fliiidextracdim  Eucalypti    

,ab,GoOglc 


APPENDIX.  1017 

BY  THE  U.  S.  Pharmacop<eia,   Eighth 


AvBRAGE  Dose. 

Pbepakation. 

Metric  System. 

Approximate 
Equivalent 
Ordinary 
System. 

Fluidexlractum  Eiionymi    

Fluidextractum  Eupatorii    

Fluidextractum  Frangulrc    

Fluidextractum  .Gelsemii    

Fluidextractum  GentianiE   

"IS: 

I  Cc. 

1  Cc. 
2Cc. 

2  Cc. 
zCc. 
2  Cc. 

2  Cc. 

2  Cc. 

0.2  Cc. 

I  Cc. 

0.05  Cc. 

1  Cc. 

2  Cc. 

1  Cc. 
0.5  Cc. 
o-s  Cc. 

4Cc. 
0.05  Cc. 

2  Cc. 

1  Cc. 
0.1  Cc. 

2Cc. 
o.s  Cc. 

2  Cc. 

0.2  Cc. 

1  Cc. 

I  Cc. 
I  Cc. 

1  Cc. 

2  Cc. 

1  Cc. 

2  Cc. 

2  Cc. 
O.I  Cc. 
0.0s  Cc. 

8 
30 

'? 
15 

15 
30 
30 
30 
30 

.W 
30 
3 

i.^ 

15 
30 

■1 

8 
30 

,51 

8 
so 
8 

15 
3 

'S 

IS 
IS 
'5 

'5 

$ 

30 

.TO 

islE 

Fluidextractum  GlycyrrhizK    

minings. 

FluidextTaetum  Grindeliae   

Fluidextractum  Guaranx    

Fluidextractum   Hamametidis  Fo- 

ris:: 

Flnidext Factum  Hydrastis    

Fluidextractum  Hyoscyami  

Fluidextractum  ..(Emetic    

Ipeeacuatihs  ...  I  Expectorant 
Fluidextractum  Kramerii    

minims, 
ninims. 

minims. 

Fluidextractum  Leptandrse    

minims. 

Fluidextractum  Lupulini   

Fluidextractum  Nucis  Vofflic*  .. 

Fluidextractum    . ,  J  Emetic    

Phytolacca    (  Alterative    .  . 

FSuidexlractum  Pilocarpi     

Fluidextractum  Podophylli     .,-..- 
Fluidextractum  Pruni   Virginianae 
Fluidextractum  Quassiac    

minims, 
minims. 

Fluidextractum  Quillajx    

Fluidextractum    Rhamni    Purshi- 

mmims. 

Fluidextractum    Rhamni    Purshi- 

minims 

Fluidextractum  Rhois  Glabrae  . . . 

Fluidextractum  Sansuinarise   

Fluidextractum  Sarsaparillje    

Fluidextractum  Sarsaparillfe 

Fluidextractum  Seilte    

Fluidextractum  Scopolie    

minim. 

iCdOglc 


Average  Doses,  as  Givek   bv  the  U.   S.    Pbarmacopcria,  Eichw 
Decennial  Revision.— Co n(i«H«d. 


AvBtACE  Dose. 

Preparation. 

Metric  System. 

E^ui"^™* 
Ordinary 
System. 

Fluidexiractum  Scutellarix    

I  Cc. 

1  Cc. 

2  Cc. 

1  Cc. 
4Cc. 

COS  Cc. 

2  Cc. 

8  Cc. 

8  Cc. 

2  Cc. 

2  Cc. 
O.I  Cc. 

2  Cc. 

2Cc. 

2  Cc. 

I  Cc. 

I  Gm. 

1  Gm. 
o.Soo  Gm. 

I  Gm. 
o.o6s  Gm. 

I  Gm. 

I  Gm. 
O.2S0  Gm. 
0.250  Gm. 

5g: 

1  Cc. 

2CC. 

0.3  Cc. 

2  Cm. 
0.250  Gm. 

2  Gm. 
2  Gm. 
2  Gm. 
0.5  Cc. 
I  Gm. 

1  Gm. 

2  Gm. 
2  Gm. 
2Gm. 
8  Gm. 

0.250  Gm. 

15  minims. 
15  minims. 
30  minims. 

1  fluidradim. 
30  minims. 

30  minims 

2  fluidrachms 

Fluidextractum  Serpentarise    

Floidextraetum  Spigelix    

Fluidextraclum  Staphisagriie    .... 

Fluidexiractum  Slillingia    

Fluidexiractum  Stramonii  

Fluidexiractum  Sumbul    

Fluidexiractum  Taraxaci    

Floidextraetum  Uvi  Ursi   

Fluidexiractum  Valerianic   

JO  mmims 
30  minimi 

Fluidexiractum  Viburni   Opuli    . . 
Fluidexiractum  Viburni  Prunifolii 

Fluidexiractum  Xanthoxyji   

Fluidexiractum  Zingiberis    

30  mmims. 
30  minnn& 
30  minims. 
IS  minims. 

Galla*                   

7'A  grains. 

Glandulat  Suprarenales  Sicca  . . . 

4  grains. 
I  auidradam. 

Glyceritum  Acidi  Tannici  

Glycerifum     Ferri,     QuininiC,    et 

30  mmims. 
15  minims. 

Glycyrrhi^inum  Ammoniatum  .  - . 

4  (trains. 

D.,.Ei.ct,CkK1glc 


Average  Doses,   as   Given    by  the  U, 
Decennial  Revision. —  Continued. 


IOI9 

S.  Phabmacof(eia,    Eighth 


Homatropinx  Hydrobromidum  . . 

Humulus  

Hydra  rgyri    Chloridium    Cortosi- 


Hydrargyri   (Laxative  — 

Chloridum  Mite    (  Alterative    . . 

Hydrargyri  lodidum  Flavum  

Hydrargyri  lodidum  Rubrum  .... 

Hydrargyrum  cum  Creta- 

Hydrastina    

Hydrastininae  Hydrochloridum  . .  - 

Hydrastis    

Hyoscitue  Hydrobromidum  

HyoscyamiiBB  Hydrobromidum  ... 

Hyoscyamiiue  Sulphas   

Hyoscyamus    

Infusum  Digitalis  

Infusum  Pruni  Virginian*  

Infusum  Senn*  Compositum    

lodoformum  

lodolum  

lodum    

,  (  Expectorant   . . 

Ipecacuanha   ...  j  Emetic   

Jalapa  

Krameria   

Lactucarium  

Leptandra   

Limonis   Succus    

Liquor  Acidi  Arsenosi 

Liquor  Ammonii  Acetatis  

Uquor  Antisepticus    

Liquor  Arseni  et  Hydrargyri 
lodidi  

Liquor  Calcis  

Liquor  Chlori   Compositus    

Liquor  Ferri  Chloridi ."■":"'■ 

Liquor  Ferri  et  Ammonii  Ace- 
tatis   

Liquor  Ferri  Subsulphaiis    

Liquor  lodi    Corapositus    

Liquor  Magnesii    Gtratjs    

Liquor  Potassii  Arsennis    


3  milligrammes, 

.065  Gm, 
10  milligrammes. 

3  milligrammes, 
0.250  Gm. 

10  milligrammes, 
0.030  Gm, 

0,5  milligramme. 
0,5  milligramme. 
0.5  milligramme. 

8  Cc' 
60  Cc, 

120  Cc. 

5  milligrammes. 
0.065  Gm. 
I  Gm. 


V-  grain. 

1  grain. 
H  grain. 

'/»  grain. 

4  grains, 
grain. 
'A  grain. 
30  grains. 
Vi»  grain. 
y™  grain. 
'/'"  grain. 
4  grains. 

2  fiuidrachmi 
2  fluidounces 
4  fluidounces, 
4  Brains. 

4  grains, 
Vn  grain. 

I  grain. 
IS  grains. 
IS  grains. 
7'A  grains. 
IS  grains. 
15  grains. 
30  grains. 
IS  grains. 

I  tiuidounce. 

4  fluidrachms 
I  fluidrachm. 
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Average  Doses,  as  Given   by   the  U.   S.    Pharhacokeia,    Eicbth 
Decennial  Rension.—  ContinMed. 


Liquor  Potassii  Cilratis    

Liquor  Potassii  Hydroxidi    

Liquor  Sodx  Chlorinatae  

Liquor  Sodii  Arsenatis   

Liquor  Sodii  Hydroxidi    

Liquor    Sodii    Phosphatis    Com- 

.positus  

Lithii  Benzoas    

Lithii  Bromidum  

Lithii  Carbonas   

Lithii  Citras    

Lithii  Citras  Effervescetis  

Lithii  Salicylas    

Lobelia  

Lupulinum    

Magnesii  Carbonas   

Magnesii  Oxidum  

Magnesii  Oxidum  Ponderosum  . . 

Magnesii  Sulphas    

Magnesii  Sulphas  Effervescens   ,. 
Mangatii  Dioxidum   Prxcipitatum 

Mangani  Hj-pophosphis 

Mangani  Sulplras   

Manna    

Marrubiiim    

Massa  Ferri  Carbonatis 

Masna  Hydrargyri 

Mastiche    

Maiico    

Matricaria  

Mel   

Mel   Depuratum    

Mel  RoSEB  

Mentha  Piperita  

Mentha  Viridis   

Menthol    

Melhylis   Salicylas   . .  . , 

Mefhylthioninae   Hydrochloridum 

Mezereum   

Misiura  Cretie 

Mtstura  Ferri  Composita  

Mistura  Glycyrrhiiae  Composita  . 

Mistura  Rhci  et  Sodse  

Morphina    

MorphiuK  Acetas    


AvEBACE  Dose. 


8  Cc 

2  finidrachms 

0.500  Gm. 

7'A  grains. 

lao  Brains. 

1  Gm. 

15  grains. 

0.500  Gm. 

7^  grain*. 

0,500  Gm. 

714  gmini. 

30  grains. 

16  Gm. 

240  grams. 

0.250  Gm. 

0.200  Gm. 

0.250  Gm. 

240  grams. 

V>  grams. 

0.250  Gm. 

0.250  Gm. 

4  grains. 

30  grams. 

16  Gm. 

1  fiuidrachm. 

4Ce. 

I  fluidrachn. 

I  flmdrachtn. 

4  Gm. 

4  Gm. 

60  grains. 

0.065  Gm. 

0.2S0  Gm. 

4  grains. 

0.500  Gm. 

7</i  grams. 

4  fluidrachms 

16  Cc. 

4  fluidrachm< 

8Cc. 

2  Huidraehms 

4Cc. 

I  fiuidrachm 

H  grain. 

IS  milligrammes. 

'4  grain- 

Approximate 
Equivalent 
Ordinary 


,ab,GoOglc 


Average  Doses,   as  Giveh   bv  ihe  U.   S.    Phabmacomia,    Eighth 
Decennial  Revision.— Con (inued. 


Pkeparahon. 


Morphinae  Hydrochlortdum   . . 

Morphinx  Sulphas 

Moschus  

Mucilago  Acacias    

Mucilago  Sassafras  Medullx   . 

Mucilago  Tragacanthas  

Mucilago  Ulmi    

Myristiea   

Myrrha    

Naphthalenum  

Nux  Vomica   

Oleoresi 
Okoresi 
Oleoresi 


Capsici  

Zingiberis    

Oleum  Amygdalse  Amar* 

Oleum  Amygdalae  Expressum  , 

Oleum  Anisi    

Oleum  Aurantii   Corticis   

Oleum  Belulae    

Oleum  Caj  uputi    

Oleum  Cari    

Oleum  Caryophylli   

Oleum  Chenopodii    

Oltum  Cinnamomi   

Oleum  Copaibfe    

Oleum  Coriandri   

Oleum  Cubcbse    

Oleum  Erigeroniis  

Oleum  Eucalypti  

Oleum  Fceniculi  

Oleum  Gaultheria    

Oleum  Gossypii   Seminis   

Oleum  Hedeomae    

Oleum  Juniperi  

Oleum  Lavandulae  Florum 

Oleum  Limonis  

Oleum  Lini    

Oleum  Menthx  Piperitx  

Oleum  Menthae  Viridis   

Oleum  Morrhuse   

Oleum  Myri.'tic*    

Oleum  Olivae    

Oleum  Picis  Liquidae  

Oleum  Pimentae    


15  milligrammes. 

15  milligrammes 
.250  Gm. 

16  Cc. 
16  Cc. 
16  Cc. 
16  Cc. 


2  Gm. 

1.030  Gm. 

i.soo  Gm. 

i.aoo  Gm. 

1.0^  Gm. 

1.030  Gm. 

0.03  Cc- 

30  Cc 

0.2  Cc. 

0.2  Cc 

I  Cc 

o.^  Cc 

0.2  Cc. 

0.2  Cc 

0.2  Cc 

0.05  Cc 

0.5  Cc 

0.2  Cc 

0.5  Cc 

I  Cc. 

o.s  Cc. 

0.2  Cc. 

I  Cc. 

16  Cc 

0.2  Cc. 

0.2  Cc 

0.3  Cc 

0.2  Cc. 

30  Cc 

0.2  Cc 

0.2  Cc 

16  Cc. 

0.2  Cc 

30  Cc 

0.2  Cc. 

0.3  Cc 


Equivalent 
Ordinary 
System. 

%  grain. 
Vi  gram. 
4  grains. 
4  flu i drachms 
4  tlui drachms 
4  flu i drachms 
4  fluidrachms 
7l4  grains. 
7Yi  grains. 

I  grain. 
30  grains. 
Vi  grain. 
J'A  grains. 
3  grains. 

t  fluid  ounce. 
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AvEKAGE  Dose. 


Oleum  Ricini     

Oleum  Rosmarini   

Oleum  Sabina  

Oleum  Santali  

Oleum  Sassafras    

Oleum  Sinapis  Volatile  

Oleum  Terebinthiiue   Rectificatum 

Oleum  Thymi  

Oleum  Tiglii    

Opii  Pulvis 

Opium  

Opium  Eleodoratum    

Opium  Grauulalum    

Pancreatinum    

Paraldehydum   

Pelletierinae  Tannas 

Pepo  

Pepsinum   

Phenol    

Phenol  Liquefactuffl 

Phenvlis   Salicylas   

Phosphorus  

Physostigma    

PhysostigminK   Salicylas   

Physostigininse  Sulphas  

_,.       ,  ( Emetic    . . 

Phytolacca    J  Alleralive 

Pilocarpine  Hydrochloridum  . 

Pilocarpinie  Nitras 

Pilocarpus    

Pilulfc  Aloes    

Pitulae  Aloes  et  Ferri 

PilulfP  Aloes  et  Masliches 

PilulEE  Aloes  et  Myrrhs 

Pilulse  Asaf(«id2e    

Pilulae  Catharticse  Compositx  , 
Pilulx  Cathartics  Vegelabiles 

Pilulfc  Ferri  Carbonatis 

Pilulfe  Ferri  lodidt 

PilulK  Laxativse  Compositae  .. 

Pilulfe  Opil    

Piluls  Phosphori    

Pilulx  Podophyllt,  Belladonnx 

Pilulse  Rhei  Compositx  


16  Cc. 
0.2  Cc. 
0.05  Cc. 

;:!£ 

0.008  Cc. 

1  Cc. 
0.2  Cc. 

0.0s  Cc. 
0.06s  Gm. 
o.ioo  Gm. 
0.065  Gm. 
0.065  Gm. 
0.500  Gm. 

2  Cc. 

0.0s  Cc.' 

0.500  Gm. 

0,5  milligramme. 
O.IOO  Gm. 

t  milligramme. 
I  milligramme. 

.125  Gm. 
10  milligrammes 
10  milligrammes 


2  pills, 

2  pills. 

2  pills. 

2  pills. 

2  pills. 

2  pills. 

I  pill. 

I  pill. 


Approximate 
Equivalent 
Ordinary 

System. 


4 

flui 

draci 

8 

min 

ims. 

4 

mill 

ims. 
im. 

IS 

ms. 

3 

min 

im, 

gra 

ftra 

1 

Ki'i 

era 

Kin 

3i> 

ms. 

30  (fa 
4  gra 

ns. 

7'A  grains. 
Vim  Rrain, 
I'A  grains. 
V«  grain. 
V«  grain. 
IS  grains. 

H  grain. 
a  grain. 
30  grains. 
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S.    Phasmacopceia,    Eighth 


Preparation, 


AvEKAsE  Dose. 


Approximate 

Equivalent 
Ordinary 
System. 


Pimenla   

Piper   

Piperina    

Pix  Liquids   

Plumbi  Acetas 

Podophyllum     

Potassii  Acetas   

Potassii  Bicarbonas  

Potassii  Bitartras    

Potassii  Bromidum    

Potassii  Carbonas    

Potassii  Giloras    

Potassii  Citras    

Potassii  Citras  Effervescens  , . . 

Potassii  Cyanidum 

Potassii  Dichromas    

Potassii  et  Sodii  Tartras 

Potassii  Ferrocyanidum   

Potassii  Hypophosphis 

Potassii  lodidum    

Potassii  Nitras    

Potassii  Permanganas  

Potassii  Sulphas   

Prunus  Virginiana 

Pulvis  Acetanilidi  Compositus   . 

Pulvis  Aromaticus  

Pulvis  Creta;  Compositus   

Pulvis  Effervescens   Compositus 
Pulvis  Glycyrrhiiie  Compositus  , 

Pulvis  IpecacuantiEe  et  Opii 

Pulvis  Jalapae   Compositus    

Pulvis  MorphiniE  Compositus  . . 

Pulvis  Rhei  Compositus   

Pyrethrum    

Quassia  

Quemis  

Quinina    

Quininx  Bisulphas    

Quininx  Hydrobromidum    

QuininEc  Hydrochloridum 

Quininae  Salicylas    

QuininsE  Sulphas   

Resina  Jalapae  


.500  Gm. 

I  Gm! 

I  Gm, 

0.250  Gm. 


10  milligrainmes. 

10  milligrammes, 
8  Gm. 
0,500  Gm. 
1,500  Gm, 

».5oo  Gm. 

set  of  a  powder 
>.5oo  Gm. 

0.250  Gm. 
0.250  Gm. 

1.250  Gm. 

■.250  Gm. 

■.250  Gm. 

1.250  Gm. 

1.125  Gm. 


S  grai 
7'A  grai 

3  6"] 
7'A  gra 

I  gra 
714  gra 
30  gra 
30  gra: 
30  gra: 
IS  gra' 
15  gra 

4  grai 
15  grai 
60  grai 
H  grai 
'A  gra' 

120  gra 
7'A  gra: 
7V2  grai 
7A  gra' 
7!4  gra 

1  grai 
30  grai 
30  grai 

7'A  grai 
IS  gjai 
30  grai 

60  grai 
7!^  grai 
.-io  gra 
7A  gra 
30  gra 
30  grai 
7'A  grai 
15  grai 
4  grai 
4  grai 
4  grai 
4  grai 
4  grai 
4  grai 
4  grai 

2  Krai 
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Resina  Scamnionii  . 

Resorcinol    ..  ^ 

Rhamnus  Purshiana  . 

Rheum  

Rhus  Glabra 

Rubus  

Sabal   

Sabina   

Safrolum  

Salicinum   

Salvi: 


Sanguinaria    

Santoninum  

Sarsaparilla  

Sas&afras  

Scammonium  

Scilla    

Seoparius  

Scopola  

ScopolaminEe  Hydrobromidum 

Scutellaria   

Senega  

Senna  > 

Serpentaria    

Serum  Anti-        Immunizing  dose 


Sinapis  Nigra Emetic. 

Sodii  Acetas    

Sodii  Arsenas    

Sodii  Arsenas  Exsiccatus  

Sodii  Benzoas  

Sodii  Bicarbonas  

Sodii  Bisulphis   

Sodii  Boras 

Sodii  Bromidum  ' 

Sodii  Carbonas  Motiohydratus   . 

Sodii  Chloras   

Sodii  Chloridum   Emetic. 

Sodii  Citras    

Sodii  Hypophospbis   

Sodii  lodidum    

Sodii  Nitras  


AvntAGE  Dose 


3.200  Gm. 

>.  125  Gm. 
I  Gm. 

I  Gm! 

I  Gm! 
>.50O  Gm. 
0.3  Cc. 

I  Gm. 

0.125  Gm. 
-.065  Gm. 

8  Gm. 

0.045  Gm. 

-.5  miliigramme. 

4  Gm. 
I  Gm. 


8  Gm. 

8  Gm. 

I  Gm. 

5  milligrammes. 

3  milligrammes. 


0.350  Gm. 
16  Gm. 


7«  grain. 

3  grains. 

15  grains. 
IS  grains. 
15  grains. 
15  gr^ns. 
IS  grains. 
7)4  giaim. 

15  grains. 
30  grains. 

30  grains. 
120  grains. 

4  grains. 
2  grains. 

15  grains. 

H  grain. 
/at  grain. 

IS  grains. 

15  grains. 

60  grains. 

IS  grains. 
1,000  units. 
500  units. 
I3D  grains. 
120  grains. 

IS  grains, 

'/«  grain. 
'/■  grain. 

15  grains. 

15  grains. 
M  grains. 
jyi  grains. 

IS  grams. 
4  grains. 
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Sodii  Ni..._    

Sodii  Phenol sulphon as      

Sodii  Phosphas  

Sodii  Phosphas  Effervescens   . 
Sodii  Phosphas  Exsiccatus  . . . 

Sodii  Pyrophosphas   

Sodii  SalicyUs    

Sodii  Sulphas  , 

Sodii  Sulphis  

Sodii  Thiosulphas    

Sparteinae  Sulphas   

Spigelia  

Spiritus  jCtheris    

Spiritus  ^theris  CornpOBilus    . 

Spiritus  .Etheris  Nitrosi    

Spiritus  AmmoniEC  

Spiritus  Ammonise  Aromalicus 
Spiritus  Amygdalx   Amarx    . . 

Spiritus  Anisi  

Spiritus  Camphorse    

Spiritus  Chloroformi    

Spiritus  Cinnatnomi    

Spiritus  Gaultherisf    

Spiritus  Glycerylis   Nitratis    . . 

Spiritus  Juniper!    

Spiritus  Juniperi  Compositus  . 

Spiritus  Lavandulae   

Spiritus  Mentha  Piperitae  

Spiritus  Menth*  Viridis   

Staphisagria  

Stillingia 

Stramonium  

Strontii  Bromidum    

Strontii  lodidum  

Strontii  Salicylas  

Strophanthinum   

Strophanthus    

Strychnina  

StrychninEB  Nitras  

Strychnine  Sulphas  

Styrax    

Sulphonethylmetnanum    

Sulphonmethanutn    

Sulphur  Lotum   

Sulphur  PfKcipitatinn 


AVEKA&L  E>OSE. 


lo  milligrammi 
4Gm. 
4Cc. 
4Cc. 
aCc. 
I  Cc 
2Cc 
0.5  Cc. 


.065  Gm. 

.065  Gm. 

I  Gm, 

0.500  Gm. 

0.3  millifn'anime. 
.065  Gm.^ 

I  milligramme. 
1  milligramme. 
I  milligramme. 
I  Gm. 
I  Gm. 
1  Gtn. 
4  Gm. 
4  Gm. 


120  grains. 

[5  grains. 

30  grains. 

IS  grains. 
240  grains. 

15  grains. 

15  grains. 

14  grain. 
60  grains. 

I  fluidrachm 
I  fluidrachm 
30  minims. 

15  minims. 


2  fluidrachm 
30  minims. 
30  minims. 
30  minims. 

I  grain. 
30  (Trains. 

1  grain. 
IS  grains. 
7'/!  grains. 
IS  grains. 
V™  grain. 

I  grain. 
y«  grain. 
V«  grain, 
'/«  grain. 
IS  grains. 
IS  grams. 
IS  grains. 
60  grains. 
60  grains. 
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AvcKAGE  Dose. 


ApproxinuU 
E<|uival«nt 
Ordinary 


Sulphur  Sublimatum   

Sumbul     

Syrupus  Acidi  Hydriodici   . . 

Syrupus  AmygdaljE    

Syrupus  Calcij  Lactophosphal 

Syriii>us  Calcis   

Syrupus  Ferri   lodidi 

Syrupus  Ferri,  Qulninx  et  Strych- 

ninx    Phosphatum 

Syrupus  Hypophosphilum    

Syrupus    Hypophosphilum    Co 

positus   

Syrupus  j  Emeiic    

Ipecacuanhae  .   1  Expeclorant 

Syrupus  Kramerlx    

Syrupus  Lactucarii    

Syrupus  Picis  Liquids  

Syrupus  Pruni   Virginians   .... 

Syrupus  Rhei    

Syrupus  Khei  Aromatieus 

Syrupus  Rubt   

Syrupus  SarsaparillsE  Compositus 

Syrupus  Seilla    

Syrupus  Scilla;  Compositus    ..... 

Syrupus  Senegx   

Syrupus  Sennx    

Syrupus  Tolutanus  

Syrupus  Zingiberis    

Tamarindus  

Taraxacum  

Terebenum   , 

Terpini    Hydras 

Thymol    

Tinctura  Aeonili    

Tinctura  Aloes    , 

Tinctura  Aloes  et  Myrrhse  

Tinctura  Arnici    

Tinctura  Asatelidat    

Tinctura  Aurantii   Amari    

Tinctura  Aurantii  Dulcis 

Tinctura  Belladonnse  Foliorum  .. 

Tinctura  Benzoini   

Tinctura  Benzoin!   Composita    . . . 

Tinctura  Calumbfe  

Tinctura  Cannabis  Indicae  


4Cr 


8Cc 

a  Cc, 
i6  Cc. 


4Cc 

4  Cc. 

i6  Cc. 

i6  Cc. 

i6  Gni. 

8  Gm. 

o.s  Cc. 

0.125  Gm. 

0.12^  Gm. 

0.6  Cc. 

2  Cc. 

2Cc. 

I  Cc. 

I  Cc. 

4Cc. 

4Cc. 

o..";  Cc. 


1  Cc. 

2  Cc. 


fio  grains. 
30  grains. 
I  fluid rachm 

1  fluidrachm 

2  fluidracbnt 
.TO  minims. 
15  minims. 


J  fluid  raduD 
15  minims. 
4  fluidrachnt 

1  fluTdrachm 

2  fluidradun 
I  flu  id  rachm 

1  fluid  rachm 

2  fluid  rachm 

2  flui  drachm 
1  flu  Id  rachm 
4  fluid  rachm 

30  minims. 
30  minims. 
I  fluidrachm 

1  fluidrachm 
4  fluidrachm 
4  fluidrachm 

Z40  grains. 

3  grama. 

2  grains. 

3  minims. 


I  fluidrachm 
I  fluidrachm. 
S  minims. 
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AvEKAGE  Dose. 


Prefakatioh. 


Approximate 
Equivalent 

Ordinary 


Tinctura  Cantharidis 

Tinctura  Capsici 

Tinctura  Cardamomi  

Tinctura  Cardamomi  Composita   . 

Tinctura  Cimicifus*    

Tinctura  Cinchonat 

Tinctura  Cinchonfe  Composila  . .  - 

Tinctura  Ciiinamomi  

Tinctura  Colchici  Seminis  

Tinctura  Digitalis   

Tinclura  Ferrj  Chloridi   

Tinctura  Galls    

Tinctura  Gambir  Composita 

Tinctura  Gehemii    

Tinctura  Gentianse  Composita  . . . 

Tinctura  Guaiaci   

Tinctura  Guaiaci  Ammoniala 

Tinctura  Hydrastis  

Tinctura  Hyoscyami    

Tinctura  lodi    

Tinctura  Ipecacuanhje  et  Opii   . . . 

Tinctura  Kramerix   

Tinctura  Lactucarii    

Tinctura  Lavandulae  Composita  . . 

Ti„„„„Lobete{isr™'..:: 

Tinctura  Moschi  

Tinctura  Myrrlia   

Tinctura  Nucis  Vomicae  

Tinctura  Opii  

Tinctura  Opii  Camphorata    

Tinctura  Opii   Deodorati   

Tinclura  Physostigmatis  

Tinctura  Quassix  

Tinctura  Rhei    

Tinctura  Rhei  Ar  ... 
Tinctura  Sanifuinarii 

Tinctura  Scilljc  

Tinctura  SerpentarisK    

Tinctura  Stramonii  

Tinctura  Strophanlhi   

Tinctura  Tolutana    

Tinctura  Valerianse   

Tinctura  Valeriana   Ammoniata    . 

Tinctura  Veratri  | 

Tinctura  Zingiberis    


4Cc. 
4Cc. 
4Cc. 
4  Cc. 


1  Cc. 
o.s  Cc. 

4Cc. 

4Cc. 

o.$  Cc. 

4CC. 

4Cc. 

2  Cc. 
4Cc. 


0.6  Cc. 

o..-;  Cc. 

8  Cc. 

o-s  Cc. 

1  Cc. 
3  Cc. 

4Cc. 

2  Cc. 


r  Cc. 
I  Cc. 


1  fluidrachm. 

I  fluid rachm. 

1  flui  drachm, 

I  tluidrachm. 

I  flui  drachm. 
30  minims. 
30  minims. 


I  fluidrachm. 
[  fluid  rachm. 
30  minims. 

i.S  minima, 
luidrachm. 
luidrachm, 
15  minimi). 
o  minims. 

3  fluid  rachm  9 


[  fluid  rachm. 

)  minims. 
15  minims. 
JQ  minims. 
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AVESAGE  EtoSE. 

Prepakation. 

Metric  System. 

Approximate 
Equi%-alent 
Ordinary 
Sys-em. 

8  Gm. 

0.030  Gm, 

2  Gm, 

2  Gm. 

1  Gm. 
0.030  Gm. 

2  milligrammes. 
O.I2';  Gm. 

2  Gm, 
2  Gm. 

1  Cc. 
16  Cc. 

2  Cc. 
8Cc. 
8Cc. 
8Cc. 
1  Cc. 

0.125  Gm. 
0.125  Gm. 
0.065  Gm. 
J.  250  Gm. 
>.  125  Gm. 

I  Gm. 
.  I2S  Gm. 

I  Gm. 

i»        ins. 

Tritoratio    Elaterini    

Uva  Ursi 

Vt  grain. 
.10  (trains. 
.10  grains. 
IS  grains. 
Vi  grain. 
V.  grain. 
2  grains. 
30  grains. 
30  grains. 
15  minims. 

Vinum  Colchici  Seminis  

30  minims. 

Zinci  Ojtidum   

Zinci  Phenolsulphonas  

Zinci  Sulphas  Emetic. 

Zinci  Valeras                               .  . 

4  grains. 
2  grains. 
15  gi^ins. 

Zingilwr    

15  grains. 
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ARRANGED  ALPHABETICALLY  BY  AUTHORS'  NAMES. 

The  abbreviations  for  the  journals  are  found  on  page  gSo, 
Abderhalden:    Alcohol,  Bibliography,  Berlin,  1904:  Iron,  Z.  B..  1900, 

V-   39.  p.   193-  „ 

Albestoni:    Acetone.  Sehm.,  1884,  v.  18,  p.  218;  1887,  v.  23.  p.  ig3. 
Abel:    Epmepkrin.  H.  S-,  1902,  v.  28,  p.  318;  J,  H,  H,  Bui.,  v.  13, 

p.   ag:  J.    Biol.   Chem.,    1905,  v.    r,  p.    i;    Teachin-g  of  Pharma- 
cology,   Phil.  Med  J.,   1890,  Sept.  1. 
Aldsich:     Adrenalin,  Am.  J.   Ph.,   1902,  v.  7,  p.  359. 
AupRAimi  and  Fornaroli:     Cerebral  Circulation,  Gaz.  Med.  Ital.,  1905, 

V.  s6,  No.  14- 
Allabd:    Caffein.  Deut.  Arch,  f  Kl.  Med,,  1904,  v,  80,  p.  510. 
Altenbubc:    Iodoform,  A.  i.  P.  T.,  igoi,  v.  8,  p.  125. 
Altiand:     Cinchonism.  Klin,  Monatsbl.   f.   Augenheilk.,   1904,  July. 
Ankuschat:    lodid  on  lead.  Schm,,  1879,  v.  10,  p.  a6i. 
Anrep:     Cocain,  Pf.,   1880,  v.  21,  p.  38, 
Anten:     Catfein.  A.   i,   P.  T.,   1901,  v.  8,  p.  455. 
Aroh:     Colloid,  Collert,  Biochem,  Cerlbl.,  1905,  v.  3,  p.  461,  gol ;  v.  4, 

p.  503.  553. 
Arrhenius:     Dissociation,  Zeitsch.  physik.  Chera.,  1887.  v.  i,  p,  631. 
AsHER  and   Bhvck  :     Pilocarpin.  Z.   B.,   19OS.  v,  47,  p.   i. 
Atwater  and  Benedict:    Alcohol,  U.  S.  Dept.  Agric.  Exp.  St.  Bui. 

No.  69, 
Atwater    and    Lancworthy:    Digest    of    Metabolism    Experiments, 

Office  Exp.  Stat,  Bui.  45,  U.  S.  DepL  Agr. 
Baer;    Alcohols.  DuB.,  i8<^,  p.  287. 

Baglioni:     Phenol  and  Strychnin,  DuB.,  1900,  Suppl.,  p.  193. 
Ball:     Silver.  Gaz.  mcd.  de   Paris,   1865,  p.  620. 
Ballet  and  Enriquez  ;     Thyroid  serum,  Med.  moderne,  Paris,  189S, 

Dec.  26. 
Barbara:    !odids.  Pf,  rroo,  v.  79,  p.  312. 

Babcropt  and  Brodie  :  Flojv  of  liquids,  J.  Ph.,  IQ05,  v.  33,  p.  53. 
Baroier  and  Frenkel:  Suprarenal,  J.  de  Ph.,  1899,  v.  I.^p.  950. 
Bashford:  Alropin  and  Morphin.  A.  i.  P.  T,  1901,  v.  8,  p.  311. 
Baumann:    Phenol-sulphates,  1876,  Pf.  v.  13:  H,  S.  v.  I,  p,  60  and  70: 

V.  2,  p.  244,  335,  and  350:  lodolhyrin,  H.  S.,  1896,  v.  2i,  p.  319  and 

481:    V.    22,    p.     1. 

Bayliss  :    Phenol  on  vessels.  J,  Ph.,  1902,  v.  30,  p.  224, 

Bayuss  and  Stabling;    Peristalsis.  J.  Ph.,  1901.  v.  s6,  p.  107  and  125; 

Secretin.  Centbl.   S.   Physiol.,   1902,  v.   15,  p.  682, 
Bendix:    Diaphoresis,  Deut.  Med.  Woch,.  1904,  Febr. 
Benedicenti:    Melhemoglobin.  DuB.,   1807,  p.  210, 
Berg  and  Welker:    Radium.  Snc,  exp.  Biol,  and  Med.  190S,  May. 
Bernard.  Claude:    Lefons  sur  Ics  Anestheliques,  Paris,  1875;  Curare, 

Les  Tissus  Vivanls.  Paris.  1866. 
Best:     Borate.  Trans.  Chicago  Path.  Soc,   1904,  v.  6,  p.  i^r. 
Beuren  and  ZtNSER :     Radium.  Amer.  Med.,   igo3,  Dec. 
Biberfeld:     Tannin.   Pf,   1903,   v.   100,  p.   252. 
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Bickel:    Acids  tmd  Alkolia,  Berl.  Klin.  Woch.,  1905,  p.  869. 

Bier:    Cocain,  Miinch.  Med.  Woch.,  igoo,  Nov.  21. 

BiNZ :     Alcohol,    Berl.    Klin.    Woeh.,    1903.    No.    3    and    4 ;    Narcosis, 

Schm..   187?,  V.  6,  p.  312;  1880,  V.   13,  p.  163:  Quinin,  Das  Wesen 

der  Chinin  wirkung,   Berlin,   1868;   Schm.,   1873,  v.   i,  p.   18;   1876, 

V-  5,  p.  39;  1877,  V.  7,  p.  275;  Sanlonin,  Schm.,  1877,  v.  6,  p.  300; 

Stomachics,   Schm.,   1875,  v.  5,  p.   I22. 
BiNZ  and  Gerlinoer:    Nitrate,  A.  1.  P.  T,.  igoi,  v.  g,  p.  441. 
Boas:    Calcium,  Therapie  d.  Gegenwart,  1904,  v.  45,  No.  7. 
Bock:    Heart,  Schm..  1898,  v.  41,  p.  458. 
BOEHM  :    Aspidium,  Schm.,  1895,  v.  35,  p.  i ;  1896,  v.  38,  p.  35  ;  Curare, 

Schm.,  i8Q4,  v.  35,  p.  16;  Studien  ub.  Hersgifte,  Wiirzburg,  1871. 
BoEHM  and   PiSTomcs:     Arsenic,  Schm.,   1882,  v.   16,  p.   188. 
BoEHM  and  Unterbercer  :     Arsenic,  Schm.,   1874.  v.  2,  p.  89. 
Boecker:    Sulfhur-v.'alers.  Inaug.  Diss.,  Greifswald,  1895. 
BoGROW:     Radium.  Russki   Wratch,   [903.   No.  45. 
BoHN:    Radiuytv,  C.  R.  Acad.  Sc,  1903,  v.  136. 
BoNDi  and  Jacoby:    Salicylate,  H.  B.,  1905,  v.  7,  p.  514. 
BoRisorp  (Borisow):    Bitters.  Schm.,  1904.  v.  51,  p.  362. 
BoRUTTAu:    Suprarenal,  P!.,   1899,  v.   78,  p.  97. 

Bosc  and  Vedel  :    Saliyie  Injections.  Arch,  de  Phys.,  1896.  v.  8.  p.  937. 
BoTTAZZI :    Muscle-poisons.    Veralrin,   DuB„    tgoi,   p.   377;   Polassiutn. 

Arch,  de  Phys.,  1896,  v,  8,  p.  882;  Sea-iVater,  Arch.  it.  Biol,,  1897, 

V.   28.  p.  77- 
Bouchabd;     Radiologie,  medicale,   Paris,   1904. 
Bouma;     Codein.  Schm.,   1903,  v.   50,  p.   353. 

Bradford  and  Dean:     Pulmonary  Circulation.  J,  Ph.,  1894,  v.  16,  p.  34. 
Brahdl:    Stomachics,  Z.  B„  1893,  v.  29,  p.  277. 
Brandl  and  Tappeiheh:    Cathartics,  Schm.,  1889.  v.  26,  p.  177. 
Bbaun  and  Macer:    Digitalis,  SiUb.  Wien.  Akad.  Math.  n.  w.  CI.. 

1899- 
Bmbgeh:    Cathartics,  Schm..  1878,  v.  8,  p.  355. 
Brodie  and   Dixon:     Suprarenal,  J.   Ph.,   1904,   v.  30,  p,  476. 
Brown  (E.  D.)  and  Sollmann  :    Thorium,  Soc.  exp.  Biol,  and  Med., 

1 90s,   March. 
Brown    (O.  H.)  :     Diuresis.  Am.  J.  Ph.,  1903.  v.  lO.  p.  378;  Fundulus 

ova,  Am.  J,  Ph.,  190S.  v.  14,  p.  354. 
BROWN-SEdUASD:     Testicular  extract.   C.   R.   Soc.   Biol..   1889,  v.   i,   p. 

41S,  420,  430;  Laneel,  1889,  v.  2,  p.   lOS- 
Brunton  and  Tunicliffe  :     Digitalis.  J.  Ph.,  1896.  v.  20,  p.  354. 
BrCning:    Calcium,  Inaug,  Diss.,  Halle,  1898. 
Bryan:     Iodoform  dermatitis.  J.   A.  M.   A.,   1903,  v.  40,  p.  972, 
Buchheim:    Cod-liver  oil,  Schm.,  1874,  v.  3,  p.   118:  Organic  acids. 

Arch,  t,  d.  physiol.  Heilk.,  1888,  v,  N,  F.  i,  p,   138. 
Buchheim  and  pupils:     Emodin.  Diss,  Dorpat.  1856  to  1859. 
BuFALiNi:     Creosote.  Lo.   Sperimentale,   1904.   May. 
Bunce:    Alcohol,  Die  Alkoholtrage,  Leipzig,  1887;  Alkoholvergift,  u. 

Degenerat..  Leipzig,  1904;  iron  (local  action).  H.  S.,  1885.  v.  9. 

p.  49:  Sail,  Z.  B..  1873,  V.  9.  p.  104, 
Cabot:    Arteriosclerosis,  J.  A.  M.  A.,  1904,  v,  43.  p,  774;  Strychnin. 

ib.,  1904,  V,  42,  p,  137& 
C^SAR  and  LoRETZ ;    Poppy,  Geschafisber,.  1901.  Sept. 
Camus    and    Gley:    Pancreatic    secretion,    Arch.    d.    Soc.    Biol..    St. 

Petersb..  1905.  v.  11.  Suppl.,  p.  201. 
Cannon:     Peristalsis,  J.   A.   M.   A.,   1903,  v.  40,  p.   749:   Am.  J.   Ph., 

1902,  V.  6,  p.   2SI- 
Carlson:     Limulus  heart.   Am.  J.   Ph..   1904,  v,    12,  p.  67. 
Carter:     Poison   mushrooms.  Am.  J.   Ph..   1901.  v.   5,  p.   138. 
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Cervello:    Paraldehyde,  Schtti.,  1882,  v.  16,  p.  265. 

Cevidalli:    Phosphorus,  La  Riforma  Med.,  1902. 

Chase  and  Gies  :     Thorium,   Soe.   Exp.  Biol,  and   Med.,  1905,  March. 

Chestnut:     Poison  plants,  U.  S.  Depl.  Agr.  Div,  Botany,  l8g8,  Bui.  20. 

Chittenden    and    Cuthbert:    Bromid,    Stud.    Lab.    Physiol.    Chem., 

Yale,  1884  to  1885,  p.  152. 
Chittenden,  Mendel  and  Jackson  :    Alcohol  on  digestion.  Am.  J.  Ph., 

1898,  V.  1,  p.  164. 

Chloroform  Committee  Report:     Suppl.  Brit.  Med.  J.,  1903. 

Clark  and  Gage:  Copper  on  water.  Reference  in  J,  A.  M.  A.,  1906, 
V.  46,   p.   S13. 

Clarke  and  Brown  :    Phenol,  J.  A.  M.  A.,  igo6,  v.  46,  p.  782, 

Cleghorn  :    Heart.  Am.  J.  Ph.,  1899,  v.  2,  p.  273. 

Cloetta  :    Morphin,  Schm.,  1903,  v.  50,  p.  453. 

Clowes:    Lead,  Chem.  News,  1902,  v.  86,  p.  168. 

Cohn:    Calomel,  Diss.  Berlin,  1887. 

CoHNHEiu:    Absorption,  Z.  B.,  1899,  v.  38,  p.  419. 

Cohnstein:    Diuresis  by  metals,  Schm.,  1892,  v.  30,  p.  126. 

Corley:    Oxalate,  A.  i.  P.  T.,  1902,  v.  10,  p.  293. 

Council  on  Pharm.  and  Chem.  ;  Headache  powders,  J.  A.  M.  A., 
190s,  V.  44.  p.  1791. 

Ckampton:  Baking  powders,  V.  S.  Dept.  Agr.,  Div.  Chem.,  1889, 
Bui.  13. 

Crile:  Shock,  etc..  Blood -pressure  in  Surgery,  1903;  Problems  re- 
lating' to  Surgical  Operations,  1901;  Lippincatt. 

CuSHiNG  and  Clarke:  IVaier  in  Typhoid,  Am.  J.  Med.  Sc,  1905, 
Feb. 

Cushny:  Atropin,  J.  Ph.,  1903,  v.  30,  p.  176;  Chlorid  Excretion  and 
Diuresis,  J.  Ph.,  1902,  v.  27,  p.  429;  v.  28,  p.  431 ;  Digitalis,  }.  Ph., 

1899,  V.  25,  p.  49;  Gelseminin,  Schm.,  1892,  v.  31,  p.  49. 
CusHNY  and  Matthews:    Spartein,  Schm,,  1895,  v.  35,  p.  129. 
CuSHNV  and   Peebles:     Hyoicin,  J.  Ph.,  1905,  v.  32,  p.  501    (see  also 

Kochmann). 
Cyon:    Heart.  Pi.,  1899,  v,  77,  p.  218. 

Da  Costa  and  Kaltever;    Anesthetics,  Annals  of  Surg.,  1901,  Sept. 
Dakin  :     Suprarenal,  Proc.  Royal  Soc,  1905.  B,  v.  76,  p.  491  and  498, 
Dale:     Chrysotoxin,   Physiol.   Proc,   1905,  May  20. 
Dastre:    Les  anesthetiques.  Paris,   1890. 

Dastre  and  Floresco:    Gelatin,  Arch,  de  Phys.,  1897,  v.  8,  p.  402. 
Dastre  and   Loye:    Saline  Injections,  Arch,  de  Phys.,   18S8,  p.  93; 

1889,  p.  253. 
Davy.  Humphrey:    Researches  chem.  and  philos.  chiefly  concerning 

nitrous  oxid  and  its  respiration,  London,  1800,  p.  456. 
Dawson:  Saline  Infections,  J.  Exp.  Med.,  1905,  v.  7,  p.  I. 
DeBuecher:    Arsenic,  A.  i.  P.T.,  1902,  v.  10,  p.  41S;  Permanganate, 

ib.,  1904.  V.   13.  p.  309. 
Deetjen:    Calcium.  Berl.  Klin.  Woeh..  1904,  No.  16. 
DeVamossy:     Liver  on  poisons,  A.  i.  P.  T.,  1905,  v.  13,  p.  156.' 
DeVos  and  Kochmann:     Suprarenal.  A.  i.  P.  T.,  1905,  v.   14,  p.  83. 
Diedrich:     Oxydimorphin.  Inaug.   Diss.,   Goltingen.   1883. 
Dixon:    Anhalonium,  J.  Ph.,  1899.  v.  25,  p.  69;  Apocodein.  ib.,  1903, 

V.    30,    p.    97;    Cannabis.    Brit.    Med.   j.,    1899,    Nov.    11 ;    Cocain, 

J.  Ph..  1904,  V.  32,  p.  87;  Spermin.  ib..  1900,  v.  25,  p.  356. 
DrxoK  and  Brodie:    Asthma,  Trans.  Path.  Soc,  1903,  v,  54. 
DixoK  and  Inchley:    Cilioscribe,  J.  Ph.,  1905,  v.  32.  p.  395. 
DoBLAND :     Usiitago,  Med.  News,  Phil..  1887.  v.  51.  p.  534. 
D'Ormea:     Volatile  oils.  Arch.  it.  Biol.,  1903.  v.  40.  p.  141, 
DoYON  and  Kaheff:    Atropin,  Soc.  Biol.  1904,  v.  56.  p.  588. 


.dbyGoogle 


1032  BIBLIOGRAPHIC   REGISTER. 

Dresee:  Aspirin,  Pf.,  1899,  v.  76,  p.  306;  Frog's  heart,  Schm.,  1888, 
V.  34,  p.  221 ;  Mesolan,  Ther.  Monatsli,,  1903,  March, 

Du  Mont:    Ozone,  Inaug.  Diss.,  Greifswald,  1891. 

Dir  Moulin  :     Copper,  Journ,  de  Pharm.  et  Chem.,  v.  5,  p.  189. 

Dunbar:    Potlantin,  Berl.  Klin.  Woch.,  1903,  No.  24  to  a6. 

Dunlop:     Acids,  ].   Ph.,   1896,  v.  20,  p.  82. 

Edmonds:  Lobelin,  Am.  J.  Ph.,  1904,  v.  11,  p.  79;  Oncometer,  J.  Ph., 
i8g8,  V.  22,  p.  380. 

Edsall  :     Water,  Contrib.  Pepper  Laborat.,  1900,  p.  368. 

Eluncer:  Cantharidin,  Schm.,  1900,  v.  45,  p.  89;  Miinch.  Med.  Wodi., 
190S,  No.  8, 

Eluott:     Suprarenal,  J.  Ph.,  1905,  v,  32,  p.  401. 

Emblev  and  Martin:     Chloroform,  J.   Ph.,   1905,  v.  32,  p.   147. 

Emden  and  von  Fuerth  :     Suprarenal,  H.  B.,  1903,  v.  4,  p.  421. 

EuERSON :    Nephfili^,  J.  H.  H,  Rep.,  1902,  v.  10,  p.  323. 

Engels:     Saline  injection,  Schm.,   1904,  v.  S'-  P-  336. 

Erb:    Suprarenal,  Schm.,  1905,  v.  53,  p.  173. 

Erlekuever:    MorphiumsuchI,  Berlin,  1887,  see  W^ner. 

Fackelmann:     Nitrate,  Inaua'.  Diss..  Greifswald.  l8(^ 
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a,   iS 

iler»,''M«  lo"7Ifl,   7J1   (M 

(M) 

acii  ber 

y,  690  <M) 

draught 

'8,,'"' 

i'&,"" 

wash.  6 

aud>  p 

"d:"lS 
coagulal 

1,   «39    (M) 

powder,  679   (M) 

jlinlty.   S83 

on.    Sll,    S,9    (C) 

».  B4S    (C) 

d2fi™rin 

tion,  8>o   (T) 

aeglulination.  801,  854  (C) 
drugs  on,  853   (C) 
laking.  Bis.  Ss3   (C) 
:1ood -pressure.  Sll    (T).  910   (K) 


vitriol,  638    (M) 
Blue-prints,  794  (T) 
Bock's  method.  939   (E) 
Boldea.   }2s 
Boletus.  a66 


Boneltlack.  738  (M> 
Boneset.  see  Eupatariam. 
Bonemarrow,  301 

Borates,  borax,  boric  acid,  and  boroglp 
cerlte:  B7>.  j8a  (M) 
as    food-preservative,   ]8i,  B7B,   841 
(C) 
BoswellU,  107  (M) 
Bolhriocephalus.    744 
Bottsiii's  theory,  3j6 

Bougies.    69    * 

Bouillon.  7« 

Bouquela  of  wines,   etc..   408,   411.  4a3 

Brain,  destruction,  frog,  795  (T) 

Brsndy.  4'4   <M) 

Brassies,  704  (M) 

Brayera.  74S  (M) 

Breast-tea,  jta  (M) 

Bromates,  576 

Bromids,   ote  to  SM   <H) 

purity  teats,  833  (C) 
Bromin.  678.  67?    (M) 
Bromipin.  569   (M) 
Bromism.  i66 
Bromoform,  436. 
Broncliilis.  see  Cough. 


(M) 


Brucin.  14a,  i^S.  ,6,    (M),  836  (C) 
Bryonia,  73S  (M> 
Buchu,  701    (M) 
Buckthorn.    731    (M) 
Bufanin  and  bufotalin,  477 
Bulbs,   for  injection,  804  (T) 
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ATROPIN  —  CATNIP. 


Buller  o}  antimony,  682 
BullcrDut,  690,  7S0  (M) 
Butyl  chlaral,.  446  (M) 
Butyr««.  7S'   (M) 

Catheu.  69 


pbospharus  compound),  658 

ionics,  768 
CacodyUtM,  m   (M) 
Caciu*.   4?7 

CawTumT'ssI' 

Caff'm  g'riup 
Pliarniacolo 
Therapeutic 
Bevetiga.    .v. 
Materia  mcdica.   173 
Tests.  836   (C) 

CaffX-chl"a".'  4^7 
CaHeol   (caffeon),   171 
Caisson  disease.  4S4 
Calabar  bean.  38s 
Calabarin,  185 
Calamus,  loo,  714  (M) 
Caictum.  so!  la  JM  (M) 


Calisaya,  141   (M) 
Caianie],  i!46  <M) 

chalagogue,  740.  868  (E) 


bydrala.  564 
aulphurata,   67s    <M) 
Calyx  (botany),   19 

CamlwEia'.  73s  (M) 
Camelira.  173  (M) 
Camphor,  4«  M  4W   (M) 

983   (B) 
Camphoric  acid,  340.  <M 
Canadian  hemp,  497  (M) 
Canadin,  3og 
Cancer,  see  Carcinoma 
Cannabis,  «0e,  any   (M);   < 
Cannabinol,  ao? 
Cannula,  8U  (T) 

inaenioD.  807   <T) 
Canttiarides,  1M  to  110,  ; 

9B5   (Hi 


Caoutchouc,  3.,  7S3   (M 
Capillaries, 

Capsaicin",  708 
Capsicum.  708  (M) 
Capsules.  68 
Caramel,  loj  (M) 
Carawajr.   108  (M) 

Carbo,  7j8  ('l>^)  " 
Carbohydrates,  766   (M) 
Carbolic  acid.  SM  (o  SOS, 
Carbon  dionid   (Carbonic  ■ 

disulphid,  4S8 


Carjca,  758 

Carbbatl  sail  and  valet,   . 


Carm 

ZiiUdu.  i 

6   < 

nalivd,  lit,  } 

as 

nic  acid,   .0^ 

d  arlerv.  B08 

(T) 

8sr.il.  %s 

Carrot 

■  08   (M) 

.  >o8  (M) 

CwSm 

A  owan.  37- 

CaJJif  Vood"'  r'   *"' 
Cas^ira  sagrid'a,*?,,    (M) 
Cascarilla.  733   (Mj 
Cassia,  .09  (M) 

Casta  nc3.  69a 
Castor  bean,   399 
Castor  oil,  7af  TM> 


CalSplaVma'kiii'ini.  751,   7i4    (M) 

Cataria.  697''(Sn 
Catarrh;  alkalies,  S97 


Cathipns,  definitioiwaB 
Calnip."'697"(&)"' 
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1048                                                   INDEX. 

Chlorinated  lime    «»,  679  <M) 
Chlormethylmenlilyletber,   443   (U) 

CauRic),  CautcHiatioD,  MS 

■neullic,   681 

Cblorodyn*.  7^6 

valalile,  670 

Chloroform:   40'   to  40^,  4H  U  44t 

therapeutics,  <SS 

Pharmacology.  4a6 

eiperimeiils,  844  to  RfB  (C) 

aG,T..rrs" '- '"' 

Adi-Sil^wi™ 

CeJery,   laS 

Mawrii,'  med™i.'*"a 

Cells,  vegeUbte,  M 

Solvcnl.  SS 

Ce'hTlISi^ifi" 

Purity,  test*,   in    (C> 

.       Experiments,   944   (W 

Bibliography.  8*3 

Cephaelis.  310   (M) 

atexrrs:  SI  <«'■"■"' 

Cephaianlbus.  7>5 

Cera.   751   (M) 
Cerium,  nH^M, 

Chlorosis  tn   (iron) 

manganese,   633 

Cetaceum,  jjj  (M) 

Chmlaterlr^^rtM) 

C«adilla    Cevadrn'313 

Chalk.  5^   (M)     ' 

Cholelithiasis,   see    Calculi. 

Cholera.   Haffkine   method,   39a 

pill,  629   (M) 

scrum,   i96 

Chamomila.   107   (M) 

Cholera   morbus,   lee   Diarrhea. 

Chappfd  .kin.   ?«8 

Choi  in.  34  s.  **^ 

Charcoal.   738 

for  decoloriiing.  56 

Chondrua,  7SS   (l/)  ' 

Charcot- Lcyden  crvslals,  304 

Chorea: 

Cbarta,  71 

araeoic.   6.6 

Chariu\a.  6« 

bromids,    s6S. 

Oiaulmooera  oil.  770   <M> 

camphor,  464 

CheeK.  as  (ood,  76*.  ?64 

phytos'ligmln,    178 
Chromic   aci(^  (trioxid),    589    (M) 

Chronic   poisoning,   treatment: 

Chemk  iniiaotei,  843   (C)  . 

hyoscinViW 

iodid.  57. 

dwmic  cRecia  of   drugs.    117 

prophyla.is   <meu!s),  <SJ 

Chtmic  exerciMS,  «BS  to  a»  (C) 

Chemic  solution,  si 

Chryaarobin  and  cbrysopEanic  acid.  709 

Chemicals,  tabic,  986 

(M) 

cathartics,   718 

Cberry  kernels,  466 

in  urine,  843   <C) 

laurel.  471    (M) 

Chrysoio.in.   soo.   BM.    50B 

Cculaandcicutoiin.  175.   177 

Children,  dose,  and  idiosyncrasy,   117 

Cdcr.  4iS 

Clta,   ions  on.   154 

Oiili  sallpeter    574   (M) 

Chills,  alcohol.  4<6 

Cinchona.   J41    (M) 

Cincfaonin   and   Cinchonidin, 

Chinic  acid.'aec  Quinic  acid 

acliona,  334.  »»l>.  337 

materia  medica.   342 

Chirata,  7J3   (M) 

Chloral: 

Pharmacology,   M4,   401    to   406,   419, 

phenol   and   slTicylates,    361. 

MateHa'' medlM.  '446'° 

C="chy^i.'..o 

Tes<5.  840   (C) 

§=|.nt'';.ori^ir'"' 

Chloral-amid.  446  fM) 

CrcuUi°on,*«   Blood   pressure,   Heart, 

ja';;'^,'"' 

Vessels. 

artificial,   model.  904   (E) 

■formamid,  441^   (M) 

froa.   796   (T)     ^        __ 

Chloralose.  447  (M) 
Chlorates.  B7«  (41  Bl^l  (M>,  Bja  (C) 
Cbloretone.   iij,  446   (M) 
Chlorids.  MB 

excretion  and  retention,  686 

in  fever.  54a 
Cblorin,  678.  679  (M> 


c!tari?,"4y  <M)  ''' 

Citrates,  Bft.  BIS  (M).  943  (E) 


.dbyCoogle 


CAULOPHYLLUM COPAIBA. 


id,  sgt  (M) 

647    (M) 


Cilrophcn,  i;6  <itl) 
CitruTlus,  ,34  (M) 
Clln.1.  i<.7,^W  (M 


QavicepB.  ;o9  (H) 
Clavin.  499 
Clay.  ?M   (M> 


in  blood  prcuure  Ucfanic, 
Sis   (T> 

IS.  TO 


Oovrr,  io£  (M] 

CIOVH,     109     (M 

Clyslera,  KC  En 
Cnicus,  735 
Coagulanla.  SI  I 
Coaf-gaa.  45? 

"(C).  bbT'b): 

Coilur"dy«°S7l 
Cobjll,  fl34,  63s  (M) 
Cobweb,  6gi 
Coca,  174.  t»  <M) 
CocaiB  group:  ill  to  ) 
PhannicologT.  111 
Toxicology,  ai8 
Therapeutics,  iig 

SubaT"" 


'C»,  S*>  to  S7V,  8jg 


ilulea,  222.  m  (M) 

lests,  837   (Gt 

Eipcrimenli,  041 
Cocculu..  .77   (M> 
Coccuj.  Cocbioeal,  IM   (M),  816  <CJ 
Cofblearia,  70J   (M) 
Cock'i  comb,  ergot  and  other  drug)  aa 

Cocoa  (palm),  174;  milk,  744 
Coco.,  nut  and  oil,  751  (M) 
Codein,  ISI  to  tM  (sec  raotphin 

group),  181.  =05  (M).  8J7  (C) 
Cod-fiver  oil.   76s    (M) 
Coeflicient  of  wfubility.  403 
Coffee,  ni.  17J  (M) 
Coffee-groundt  vomil.  667 
Cogtne.  414  (M) 
Cohoah.  black.  734  (M> 

eolation,  S5 

Colchicin  and  Colchicum.  St*.  941   (E), 

98a  (B) 
Cold  aa  local  aneBthctic.  116 


camphor.  4^4 


Collargolum,   £36    (M) 
Collection   lime  of   plaali,   j; 
Collencfaynea,  15 
Colligaiive  propertiea.  510 

cSllodiun,  "and  fle.ile.  60    (M),  rSS 
ailicylatum  comp,,  375  (M) 
■lypticum,  688   (M) 


Colocyntbia   (j^ia,  6),   734    CM) 


wyntbis  (Fig, 
Colomba,  71a  (M) 
Colophany.  698  (M) 


Combined  anelthesia,  437 
Commiauiion.  44 
Commipfaora.   699   (M) 

Compound  licorice   powder.   719    (U) 


Condurango,  730,  IM 


Conltaction  cu 

Convalescence : 

alcpbol.  417 


Convulaant  leriei,   14J  to  181 
Bummary,  111  to  Isi 
on  temperature,   147 

Convulaions      (see     Teianua) : 


bibliography. 

"Trtificlarieipl™! 
bromida,   j6g 
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Coppef.  <«'.  638   CM) 
■9  cmelic,  31;,  683.  941   (E) 
purification  of  waier,  382,  6j7 

Copperas,  jBj 

Copiii.  71s 

Conamyrtrn,  17s 

Coriander,   loS   (M) 

Coriaria.   t7S.  t77 
Conamythin,    17  s,    177 

Cork.   >6 

Corniiis  (bolan]'),  iS 

Corn  coilile,  513 

Jmul,"o9  (M) 
Blarcb,  767 
Corns:  ulicylic  acid.  373.  37S  (M) 


intisFptics  aad  alkalies, 
Cosin,  7*5 

Cost  of  laboratory  course,  791   <T) 
Colarnin,  no.  iii    (M) 
C0ID  and  cotoin,  6S«  (M) 
Colton,  7S5  (M) 

-root  bark,  iog  (M) 

-seed  oil,  750  (M) 
Cotyledon      - 


'■tiVw 


Hlalioa,   lis  t«  IIS 

cal   and   physical,  110  to   T14 

oils,  W1  <M> 


Creolin,  366.  367  (M 
Creowi.  368.  j6o  (M) 
Creosote,  SM  <M> 


CreoBoial,  370  (M) 
Crraol,  8flS  366  (M) 
Cresolin.  3fi6  <M) 
Creta..S««  (M) 

CrM'us,'"o/'^)" 
Croton  bean   (cretin).  ; 
chloral,  ^46   (M> 


nglium.  7i8  (M) 

St.;£'" 

lactic  acid.  591 

Cryplopin,  rgi 
Cryitaniiation.  ji 
Crystalloids,   511 
Cutwba,  joo  (M> 
Cucurbita.  744  <M) 
Cudbear,  IM^(M),  8i«  (C) 
Culver-8  root.  735  (M) 
Cuminuni,  loS  (M) 


Cuprum,  see  Copper;  •»,  £38  (M) 
Curare   group.   US  t«  SM,   384    (M) 

Q42  (E).  gS:   (B) 
Curcuma,   1«S    (M),  836   (C) 
CuSMria,  7'4m) 

Cutaneous    irritation,    therapeutics,    111 


(M) 


a  (M).  ■ 


i^utcn.  eao  i 

Cyanids,  «•  to  4T1,  470  (m>.  « 
Bs3   IC),   943   (E).  983   (B) 

Cydlnlum.'  7/4'  (M) 
CynoglosauiD    ;JS 
Cystitis;  see  Urethritis. 

inetbyicn  bfuc.  37a 

voUiile'mis^  and  balsams,  700  ( 
Cylisus.   i8s    {M) 
Cytolyiins,  398 
Cylotoiins,  J90 


>   (CJ, 


Dandelion,  723  <M) 

Daphne.  70S  (M) 

Datura,  142  (M) 

DaucuB,   loS  (M> 

Deadly  niehtshade.  241   (M) 

Death,  a^----—    --- 

Death  < 


Decom 


.,  i^-  (M) 
«,   loS  (M) 

Death,  defii 

lility:  alcohol,  47 
ionics,    7fiB 
Decoctions.  S3.  81 
DecolotiiatlDn,  j6 
Decomposition    of    drugs    in    body.    81 

I'ciK^iiuii  ui  poison.  81  to  B7 
Dcfibrinated  animals.  811  (T) 
DeRbrination  of  blood,  810  (T) 
Delirium : 

alropin.  13S 

bromidi.  568 

hyosdn,  138 

Delirium  cordis.  Sot 
Delirium  trenens/in 
Delphi nin  and   delphinium.   Ji6.  318 
Demulcents.   ^*^  to  IBS,  861    (E).  u 
(E).  985   (B) 


„.,„"'■  d"''it^  (C) 
:x^rime^t»,  sliV™'  "' 
pressor  nerrc.  B08   (T) 
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COPPER —  DYSPEPSIA. 


Dcrmitol,  6ii    (M) 

D«piccalion,  44,  46 

Dl«m."6?    (M>    ■ 
(trychniD.   160 


Disbccin.  766 

>iachylon.  654  (M> 

Hacfljmofphin,  jos 

)ia]yiii,  ;6 
Diaiyicd  iron,  6jo    (M) 

>iaphDntics,  XW  to  SSS 

)[aptatherin,  376 

Diarrhea:  M 

scidj,   584 


)idymin.  304 
Dice,  in  to  71 
Diflusibk   atim 


Diffuaion,  iii 

DigMtion   (pharmacy),   ja 

(Ihetapeutica).  IM  t«  rial 
DtK«>t[vc  fcrnicnla,  TM  to  TM 
Digilaliin.  4J8.  489,  41?   (M) 
Digitalin,  ^?8,  479   (M) 

Digilaliresin.  '478 

DiailaJiB  group,  «"  to  4M,  984  <B; 
Membtrs    and    compmiiion,    and 

Pharmacology .  478 
Toxicology,  ^8,  490 
Ther«p«''i"    ■"" 
MalcHa 


?    (M) 


8  (C) 


Tests,  gj8  l\.i 
StandardiiatioB,   833    (E) 

iM^*^  ""  ^,„fl^vDTI.    diaLtoDhyllin,    478 

.,«   «W,  49?    (M) 

dofonn,  «8o.  eSi   tM) 

Dill.  108  <M) 

Dimfthylonychiniiin.    3J4    (U) 

Dimrthylianlhin.    161 

Dionin.  iSi   to  106.  IM,  loj   (M),  Ml 


Digiloxin,  47S.   • 

Tlifn^nfnn..     Attn 


Uipterix,   107    {M) 
Direct  effecis  of  drugs.    133 
Direction.    (prcBcription).  9i 
Discovery  of  alkaloidi,  i* 


Distilled  « 

ate 

,   536 

lliihymol 

liio 

did,    68. 

M) 

Diuresis,  e 

imenis,  >«i.  931 

Diuietic   f 

Diuretics. 

ilB 

t^t  MS 

701    (M) 

Diu^elin! 

(M),  see 

Theob 

Dock.  690 

"^"S*^ 

Flo 

ida,   690 
(M) 

Domestic 

ures,   36 

Donovan's 

ution.   617 

(M) 

M) 

Douge  on  elTect,  lao,  IM 

Dosn:    average,   lable,   1«II  to  IMB 

calculation,  SOS  (T) 

children,  tiT 

maxinial.  ubie,  Sfl,  91 

pharmacopceial    preparations.    It 
relative  to  adminialralion,  114 
Doaes  for  animals,  MB  to  »B» 


Dragendorff  method. 
Drastics        '  ■^ 


.   _je  Nathan 
f.  36 
818    (T) 


DryobalE 
Dryoptei 
Duboisia 


Iodoform  l; 


able,  1«  (M),  826  <C) 
uyscrasia.  alteralivea.  }6a 
Dysentery    (see  Diarrhea) 


acids,  jS; 
alcohol.  418 
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EMIon's  syiup.  631    (M) 
EbooJW,  753  <M) 
Ecballium.  7J4  (M) 


E^a«a,  7ia  (M) 
Eclampsia  (.«   Uren»l>: 


calomel.  684 
di^tatis.  490 


EggwHie  H  anlldoiF.  BO,  S44  <C) 

Eftrlich'g  Ihtory,    1S9   10   J91 

Eigon.  68d.  6B1    <M) 

EkaiadofOTin.  (Aa 

ElaiticB,  7S3   <M) 

Elaterin  and  clalcrium,   7J4  (M) 


TSiil 


<,  S«»  to  EM,  984   (B) 


Eleoptwi 
ElcosaccI 
Eletlaria 


ei  xrycbnine.  %a 
cornseni,   ia<S    (1 


mangantse,  63 j 
Emodin.  ItS,  Bis  <C> 

in  urine,  841  (C) 
EmollicnU,  in  t«  TM,  gfii    (£) 

Empiric   Ihcrapcutifs,    141 

Emplasira.   71 

formulai,  1S>  (M) 
Emplutrum   caleficiens.    708 
EmproBlhotonus.  iji 
Emprroform,  371    (M> 
Emu  lain,  466 


Enccphalopatbia 


lax 


..-lri«il,   76? 

■irengtb   of,  691 
Enlerokinalc,   7S8 
Enzymes.  756.  s«  Fenueno. 
Epicarin,  376.  J7J    CM),   70? 
Epjlrpsy.  in    (bromids.  etc, 

campbor.  464 


i.  47S 


•antonin,  746 

silver,  63s 

line.  638 
Epinepbnn,   see  Suprarenal. 
Epispastics,  ti£i 
Epistaxis.  ill 
Epsom  salt,  545  (M) 
Equimolecular,  SSS,  524 
Equiosmotic.   518 
Equipment:    Animal    work.   TH 

Cbemic  work,  1M  ta  IM 
Equivalents  of  metric  and  ordiaj 

Erethi 


iochrysin.  500 
trgograpb  experiments.   Bg«  (E) 
Ergot.  4W  to  B»e,  ,84   (B) 

Composilion,    499 

Phanracology.  500 

Toxicology.  504. 

Therapeutics.  507 

Materia  medica.  509 

Experiments.  941 
Ergotin.  509  (M) 
Ergotinic  add.  500.  BM 
Ergolinin.  500 
Ergotism.  BM 
ErTgeron,  69J    (M) 
Eriodiclyon.  ilG    (M).   70] 
Errhines.  606.  S47   <C1 
Erythema,  drugs  caaainfc.  187  „„ 
Erythrol  telranilrate.  474.  477  (Mt 
Erytbrophleuoi.  477.  4S9.  4»8  (H) 
ErylhroretiB,  73a 
Erythroxylon.  aJi 
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DYSPEPSIA  —  FOENICULUM. 


t,a.  Ijs  (C) 

enw,  944 

Elh«e»l 

»il.  443 

Elh?l'  bro 

mid.''4W.  U3  CN 

c£l«id 

419,   434.    US. 

(E) 

morpbi 

,    MS 

477  (M) 

1  (M) 

1  by  late 

at  »diDin.  597 

thykn 

romid.  436 

tbykn 

Lamin.  sB* 

14  <M> 

uealypli 

gummi,  689   (M 

ucalypio 

,   ?02    (M) 

ucalyirtu 

s.  701   (M) 

jQdoxin, 

680,  681  <M) 

109  (M) 

ulaclol, 
umydrir 

'£ 

nU  <M> 

^  489.  498  (M> 

upaloriu 

m,  ?iS 

iiphorbi 

m.   708   (M) 

uphorin 

JiS     M 

J40.  34i     M) 

urophei 

6S0.  681    (M) 

.   73S.  »«  Cub 

"i^^" 

7i^ki" 

a  from  drugs,   187 


Fat.,   as:   Kt  Obtiity  and  Qili. 
u  cmollimts.  751    (M) 

B9    foods.    76; 

mineral,  7S»   (M) 

Fa«y  ^eotra'aon'orMfl^ttB 

Feeding  l>ulbs.  804   (T) 

Pel  bovis.  740  {M) 

Femoral  vessels,  diaaeclion.  Sog   (T) 

Fennei,  108   (M).  7=S 

Fenugreek,  109  (M> 

FermenUtion:  7s6         . 

gasinc.  see  Dyspepsia. 

inleslinal.    see    Diarrhea. 
Ferments: 

digestive,  7M  t*  1W 


dru«:s  on.  848  to  850  (C> 

Per"tog'en,*6jj*(M) 

Ferri   hydrox.  c.    Magn-   01.,  628   (M) 

Ferri-  and   ferro-cyanida,   466,   *" 


morphin   group,  j 


Eihauition   ((aliKue),  tig 

Fibrous    tissue    proliferation,   iodid,   7S 

hSKU' „».,.». 

;ibrova«uIar  bundle,  ag  (Figs,  g  &   10 

■Itidc'Mid,   Filiein,   744   (M) 
[ilix^mas,  744   (M> 

Expectorants,   Oil 

Einoiure.  alcohol,  417 

E.^e»sion    (pbarmiy).   SS 

Filter,   folding.  S27   (C> 

E.lracta  liquid..  6j_   .  . 

Filtration,  ss 

IS 

an  abaorplion,   119 

Finsen  treatment.  387 

E.tracls,  fluid  and  solid.  W 

Fishberriea.   177   (M) 

ExTractum  ."arnifc   763   (M) 

Fixed  oils,   10,  ■mo   (M) 

PupiU 

Flavoring,   1*0  lo  IIS 

materia  medica.   loj  to  ill 

Fans,  J6B  (M> 

FaBrenbeit  scale.  J7 

F'^-«;d;^,5J,<"> 

Fainting,   see   Syncope. 

False  angoslura.   160 

Flea  bane. '697   {M) 

Fat  solvents,  f 

Flos   (flower),   ig 

FaUl  dose.   127 

Flowers  of  sulphur.  67s   (M) 
Flu  ide»  tracts.  *S 

Fale  of  poisons  in  body.   12 

a.   86]   (E) 

Fatigue,   definition,    119 

al^hol,  408 

Fluoriils,   573   (M) 

Flybister.    708 

cocain,'  113 

plaster.  708 
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Foods,  711  to  7« 

l"»^«j  737 
Fonnaldehyd,  381,  363.  *B0  t 
(M>,  840  (O 

in    mLlk,    B41    <C) 
Formalin,  4!i,  45'   (") 

Foslet'«  chloriij  theory,  556 
FDwlcr'9  soLuiion,  617  (M) 
Foxglovt,  496  <M) 

phoinhorm.  6s7 
Ftuigula.  73.  (M) 
Frantinccnse.  107   (M) 

F^nt'..'Vji  _. 


of  body  fluids,  5i« 
Frtar>"tal'sam^  699.  (M) 


Fuihtin.  J71 
Fuligo,  103  (1 
Fundulus.  53D 


licils,   33 

iloncs  {»r  Calculi) 


pilocarpin. 
Galla.  6811' {M 


Garcinfa,  735  (M) 
GarRles,  385.  693 
-  s'.«nRtfi,  60J, 


e.  797  (T) 
iiasoim,  vd^,  443  \im 
Gastric  catarrh,   ISO,  lec  I>r>pcp9>a' 
Gaitroc'nciniua  preparation.    797    (T) 
Gastroenteritis,  l>y  drugs.   Ml.  868  <E) 
Gaultheria,   109  (M) 

Gellitin''  hemostatic.   Ml.   984    (B) 
Gebemmm!""'£''2^'<M),  9S1   (B) 


General  action,   11 

General  aneatheiia 

combined,  437 


Giaariina,   7SS   (M) 

Gjn.'  4"'  «J4,  4*5  (M>,  71 

Ginieng.  109,  7M  (M) 


Glyceiin;   TSl   <M) 
calharlic,  7j8 

food.  766 

solvenl.  s}.  79 

suppoailoties,  738 
Glycerina  and  glycerila,  M 
Glycerilum  amyti,  753  (M) 
Gljceiinophospliates,  SM.  659  (M) 
Clyceritum  fer.  quin.  et  slrycli.  phoiph.. 


Glycuronic  acid,  SIT,   870   (E) 
Glycyrrhiia,  105   (M) 
Glycyrrhiiin.  ammon.,  105  (M) 


Gold.  6J7    (M) 

Golden  seal.  21 1    (M) 

Gonorrhea.  ?oo 

Gossypii  cortex,   S09  (M) 

Gossypium,  JJS  (M) 

Goulard's  citract.  653   (M) 


a:r'.su, 
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Gremry'i  powdir,  730  (M) 
Grehinl  incslhuia.  ioi  (T) 
Giiffilh's  mixlure,  631  <M) 
Grinddia.  703   (M) 

Gu"l™l,Vo*      " 
Guaiic.  7f6  (M),  Bjo  <C) 

nIlai«ol.''i^''369   <M>    (see 
Guaiacol  carbonau,  369,    370 
Guaiscyl,  guaiaform,  guaiainai 
cof.   370    (M) 


Gum  Aralnc  754  (M) 

940  <E) 
Gutta-percha,  TS3   (M) 


Hamalonylon,  689  (M) 
Hkdio-.  see  Hemo' 
Hsgenia,  74s  (M) 


s>7.  *M  (C) 
ardhack,  107   (M) 

aahiih 
iayftvei.  14= 


Hanshorn,  s6i  (M) 
Maahiih.  307 
Hayftvei.  ; 


amjihor,  menlhol,  465 


ibliograpby,  gSa 
It-diseases  40S 
iffein,   170 


"l"8  i: 


■   »'3 


Heal 

Heat-punelure,  Bao   (TJ 

Hedeoma.  703   (M) 

Hedonal,  447  (M) 

Hellebore,  black  (Helleborein),  498  (M) 

Hellebore,  white  and  green, 

M"a'w'r'^'m"tliea,^3a9 
Helmilol,  453    (M) 


Hel> 


tin,  631   (M) 
ilog<o,  631   ^)^ 


H™.icranin,  JSS   (MjT^ 


Hemoglohin,  631  (M) 
Drugi  on,  8sa  (C) 
Spectrum,   378   (Fis-   79) 

Hetnol,  631    (M) 

Hemolysins,   bacteria],   390 


Hemopbilin,  398 
Hemoptysis.  Sll 
Hemotrhage,    «10,    942    < 


•annln,  687 

emostatics.    SIO,    see   Hemorrbage. 

cmp:   Canadian,  see   Apocynum. 


Heroin,  see  Horphin  oroup,  181  to  ai 
185,  191,  10%    cm,  9Si   (B) 

Heterounthin,'  i6\ 
He.ol,  ,j6,  387 
Heuchera,  600 
Hevea,  753   <M) 
HeiametbyleaanuD,  45a   (M> 
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Hickory,  69a 

™d"''h"udin/^  (M),  513.  713  <M) 
atogcnel[c  immunity,  133 
.stont*.  390 

-  -  syru^,  519.  619  (M) 


Honeys,  64 
Hops.  ioS  (M) 
HoiKmint.  106  (M) 


Hunyadi  water,  600.  Mt 

Hydtaceiin.  35^  (M) 

Hydtacids.  5S6 

Hydragoguej,  736;  see  Caihariics, 

Hydrargyrum.   64s    (M);    see   Mercory. 

HydfBstiB,    hydraslin,    hydraslinin,    tM 

HydriX'  acid.  S71  (M) 
Hydrobromic  acid,  569  (M) 
Hydrocarbon  antiseptics,  4S0  to  4SS  (M) 

hVDnOlicS.    <DI    In  jnl^.  4tX    ■■>  4KA  l\l\ 


hypnotics,  401  10  406,  Ui 
narcotics,    401    t»    tS3,    . 


tests.  839  <C) 
Hydrochinon.  367 

Hydrocyanic  acirf.  4^8  to  471,  470  (M> 
Hydrodiffusion,  sii 
Hydrofluoric  acid,  jyj 
Hydro-  gel  and  -Eol,    cii 
Hydrogen.  453 

peroiid,  384,  Ml   {M> 

suLphid,    see    Sulphurclted    faydronen. 
Hydrophobia.    Ml,    396 
Hydrotherapy,   711 
HydrolicB,   280 
Hydroxids.  597  CM) 
Hydroxyiamin,  47. 
Hyosein,  B3T.   tt»,  144   (M) 
Hyoscyamin,  E31.   ^44    (M) 
Hyoscyamui,  ni  (M) 
Hyperacidity.  593.  594 


cyanide.  470 
inorphin  group,  aoi 


Hyperpyrexia,   see   Fever. 

Hypnotics,  44ai  see  Alkaloidil.   Hydro- 
carbon,   Bromids. 

Hypochlorites.  383,  <«.  679   (M) 

Hypodermic  alimenution,  767 
injection,   1S4.   804    (T) 

Hypoiiotonic,     515;     see    Oimnii    aad 
Salts. 

Hypophosp biles.   «68.   6S9    (M) 

Hypophysis.   300 

Hypoiulphite.  675   (M) 

Hypoxantbin.   161,    1&9 


Iceland  moss,   ,ss    (M) 
Ichlhalbin,  674.  675   (M> 
IchlhyocoUa.  754    (M) 
Ichlhyoforin.  674.  «J6  (M) 
■-■-thyol,   3B4.   386,  at*.  67s   (M) 


5S.^°^;Si,'is. 


K'" 


gatibilily.    1*   to    71,   8 


>,   see  Lobelia. 
(pUnO,   ,oj 

see    Dyspepsia. 


Indigo.   103   (M) 


iodin.  678 

695 

TnfusoHa,  druvs  on 

8si    (C) 

mluvin.  758  fM) 

,ab,GoOglc 


-  LABORATORY. 


Injeetioni.  slrenphi,  691 
frogs,   79S   <T) 


loteatiae.  : 


phyBoitipnin.  17.1 
InlravMPUs  injeclion,  iW,  S04 


n  urine,  84J  (' 
ns.  679  (M) 


■ubatitu 


So    (M) 

,    (M>' 


lodotc .       ,     . 

lodoforinin.  «8a  (M) 
iDdofonnogen.  6S0  (ta, 
lodol.  6Sa,  681  (M) 
lodopyrin.  }S4  (U) 
lodothyrin,  m.   300    (M) 

tion>,  MB  to  sio,  88?    (E>,  9S4 


(B) 

electron 


effecH.   S49 


Ipwacuinha: 

PhirmaeoFogT,  jo8 
Mltcrii  medics,  310 
Therapnilic*.  ji* 

Ipecacuanhic  acid,  308 


irli  flwvBtiiu,  107   (H) 

venicolor,   73S   (M) 
Iriih  mom.  7SS  (M) 


:,    6jl    (M) 
i^  8m  {C) 


ToxicologT.  Mfi 
On  Circul«iioo,.6 


:  arapT7V<*S^ 
Imbu'  77S"m)' 

"eo'r"h'iil.%2i   (M) 
avelle  waler,  679  <M) 
ctiuirily  bean.  400 

ouniali'and  abbreviatia 
uKlsEi.  690,  735  (M) 

TeTwe'Su^i    ''^' 
"n*^'™s?7oMM) 


Enoeiiments:  Exposure,  Sio  ( 
OsSwic  .c'ha"ifgi!*s.  Vs8  (C) 


Labarraque's  solution,  <79  (M) 

Labor,  effioi.  507 

Laboratory  work:    inlroduclion,    1 
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nenC,  IIS 
Jris,  67s   (M) 


:lophenin,   356 


Ufcing  of  bliwd.     S3    (C) 

jmma  (bouny). 

i?) 

In^ndSrrf  mVih 

>d.  83B  (E) 

anolin,  7W   (M) 

dnthanum,  634 

jppa,  jjj 

ar?x.  69«  (M) 

ai-kapur.  3:.j 

,ai-yrgiti5,    see   C 

Jugh. 

4  (C) 

""XctsTf'ld? 

|;'i??.»a. 

Uble"/'"ord'r 

Laudanum,  203 

Laughing  gas,  4M 

to  481 

Lavandula,   lot  (Ml 

Laiaiives,   736,   731;  sec  Catbariics, 

Lead,  Ml  U,  m   (M) 

Lead  and  opium  wash,  304  (M),  18S 

Lead-plaster,  6s4   (M) 

Lead-wawr,  653  (M) 

LecLl'hin,  eU,  659  (M) 


Leucocytes,  drugs  on.  8si  (E> 


Lime,  383.  SM  (M) 
Limt  wat«.  sfi4  (M) 
LiniuluB  heart,  S90 
Linden,  .07  (k) 
Linimenls.  Cs 

formulas.   Ill 
Linseed  (lioum).  7M  (M) 


D   (M) 

i."'76r 


maguesii  carb..  546   (M) 
magoesu  citr..   546   (M) 

sod,  phosphai.  «i„  546   (M 
sod.  silicalis.  756   (M) 

i^Hrai™i.i§r''ii 

L,ite"'"V"' 
Lilhar^,  <iS4   (M) 


Li'tm'^  I^  (M) 
Liver,  phosphorus,  etc.. 
Liver  of  sulphur,  67s   (1 
Liverwort,   136 
Lobelia  and  lobelin: 

PharmacolOEy.  J70 

Therapeutics,  27? 

Materia  medica,  iSs 
Local  actions,    lai,  IfS 

Part  IL.  B..  6G0:  see 
Local  anesthesia; 


Logwood.  68!i   <M') 
Losophan.  680,  68.    (M) 
Lotio  Hava.  646  (M) 

nigra,  646  7m> 

opii  et  plumbi.  204   (M).   18S 

L^Kn  «  %  '^' 
LuBo"'l*solution,  679  (M) 
' -':.  636  <M) 


LuURwor.,  .36 
Lupinui.  26S 


Lycetol.  OM.  599  (M) 
Lycopodium.  749  (M) 
Lycopus.  7»5 
Lymphatic  glands.  301 
Lysidin,  wS,  joq  (tAi 
Lysitol.   lysol.   lysosolveo 

Maceration,  ii 
Macis.    109   Orl) 


minure.   782   (T) 

1,   M*.   S4S   (M).   S46.   5<S 

:tot(ing.  accidents.  Sis   (T) 


Malakin,   306   (H> 
Malaria.   »T   (quimn) 
arsenic,  616 

methylen    Hue,    37a 

MSarTn,'^!"*!) 
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Malion  wines,  413 
MaltDK.  13 
Malium    758  (M) 


lechnii.  S91   <T) 
Tli,  BOS  to  HO  <E) 


Mandragara.  m  (M).  416 
Mandrake,  117.  734  (M) 
ManaancH.  613  (M) 
Mania,  bromids,  se8 

hyoKin.  338 

morpbin,  IDI 


vdn,  8t8  (T) 
Maple  sugar,  lo; 
Marasmus.  >gs 


:.  S3 


I.   7<S 


1  {T) 


Marquis  Rcasrni.  &16  <C} 

Mlrsdeilia!'  7'}   (M) 
Marsh  gas,  453 
March  tcsi.  8; 
75S  (M) 


■   (M) 


■5S  (M) 
ilegarlh  n 


Maximal  doses.  9^  »7  (Tab 
Maiimal  load,  709  (T) 
May-apple,  7J4  (M) 
MaJerT  riaginl,  7SJ  (T) 
Meadow  saffron,  jio 
Measure,  M  to  St 

apolbecarics',   36 

imperiai,  36 

popular.  36 


as  laxatives.  7J7 
Mechanical    proleclives.    7IS    (M) 
Meconic  aci(f,  102.  837   (C) 
Meconium,  10a  (M) 
Medullary  convulsiona.  140,  S7J   (E) 
Medullary  rayi,  jo 
Mel,  T04  <M) 


Mercury  and  iia  salts,  <»9  to  047   (ut 
Cafomel-) 
Pharmacology,  639 
Cathartic.  68. 
Toxicology.  640 
Therapeutics,  643 
Local.  6S3 
Maleria  mcdica,  64s 

bichlprid,  as' antiseptic.  383.  384 

*''leaV  8j 

MercurybutW.  804   (T) 

Mescal.  XOB.  981    (B) 

MeioUn.  374,  37S  <M) 

Meta-cbloral.  446  (M) 

Melaboliam.  drugs  on.  7*».  671    (E) 

Melals: 

Systemic  aclions  and  Materia  medica. 

OOB  to  OSft,  gSs  <B) 

Local  aclions,  Mf  to  SM 

IrrilanI,  68 1 

Astringent.  685 

Timelimtt  test.  634  (C) 

Meteorism:  catmi natives.  7" 

Methln^  45a   (M) 

Metbemoglobin  formation,  347.  SIS,  852 
<C).  583  <B) 
spectrum  (Fig.  79).  378 
Methyl    alcobof,  401,  4i«.  Sjg  (C) 

«?'cybK.'374,  37S   (M) 
in  urine,^843   (t) 

fhiSni",'1;j.''?M) 


Migrainin, 
Vfikrocidii 

'food,  761 


itives  in.  841    (O 

545^  "(M) 
eagent.  78J  (T) 
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rhtnm.  690     M) 
CO..  S'9   (M) 
.Mf^il.:  7>6  (M) 
ica.  699   (M) 
'.  73"   (M) 
istic.  636   <M) 
slill,  83  (Fig.  43) 


Mol.    514.    Ks' 

Molecular  conci 

of  body  auidi 


MoubiB,  097 
Motor  ending*,  8«a  <E) 
Houffen.  705 
Mountain'Cliinate.  604 


xS 

Murialei. 

Mascarin 

2*B,  ,81  (B) 

Muscit  « 

perimenM:  8B4   (E) 

tnhnic 

Mu>c!c-cu 

Muwic-ne 

rv«.  797   (T) 

K^^nt 

Muiclc  If 

'm.'^'^"a) 

i.  »««.  400.  081  (B 

uak.  464.  Wl    tM) 

Ulk-roo 

60J  (M) 

uuard  bathi.  7i3 

uatardo 

1  group,  »4  (M) 

Tdriuia 

SSI 

yriwiea*** 

.09   (M)  . 

Myr/h^. 

07.  «M  (M) 

Mir>^,m 

Naphihalin,  37fi  (M) 


NarcofiH,  18S 
alkaloidal,  181 


"i...  ,..,  . 


Trealmenl.    ace    Hypn-nn. 
Neck,  operations,  808  (T) 


Neurin,   J47 

Nickel,  Kit.  fijs  fM) 

Mcotiaos,  367   (M) 

NiFoiin  and  group.  !SS  l«  Ma 

Pharmaco'lolJ.  159 
Toueology,  tat.   148,    157 
Habitual,  164 
Tobacco,  267   (M) 
Materia  medics.  384 

NiSht-awtsl*.  «• 


NitHt"'.  hi  l«  »1.  476  (H).  8si  (C>, 

Nilrobeniol,    iW.    ito 
N'ilrocellulOM.    61 

Nitroglycerin,  471  U,  4T7  (M).  474.  47* 
Nltroprusiidi,  466 
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Ortbin.  jj;  ( 
Otlboform.  1 
Oryt»,  767 


gall,  689  <M) 
mCE.  109  (M) 
ricnli,  lai  U>  7W 
ritbn,  drugs  oD,  1M  t 


Oak.  G90  (M) 
Oat  mesl  767 
Oat  SUTch,  la  ( 


>.  J97 


•alt.  I 


vinegar'.  sSfi 

vilcr,  J]8 
ObJKti  of  pbam 
OcUrias,  36 


Oil   of  1 
Oils,     ' 


LS  lu; 


K.    7SO     (M) 


Voiatil?  «L  .u  .«. 
Ointments,   7°,  TU   <M) 

Olea,  750  (M) 
Oleander.  498 
Oleau.  10 
Oleic  «id.  7S1   (M) 

Ol^m"i!di'pitf'7;i  (M) 

cadinuDi,  371   (M) 

cajaputi,  698  (M) 
gaullherje.  J75  (M) 
gOBSypii  seminis,   7(0   (M) 
fecori.  asclli.  76s   0J> 
junrptns    (mpyieumaticum, 
lini,  7S0  (M> 
morrfinie.  76s  (M) 
succinii.  69S  (M) 
Iheobromalis,  751   (M) 
tiglii,  728  (M) 

Olfactory  stimulants,  695 

Otibanum,  107  {M) 


)Dphorin,  105 

tperative   diiiectioiia.    Ml   to   ail    (T) 
MOerimenW.  WW  to  MO    (E) 


Orchit 
Orexii 
Organ 


t\,  108  (M)    ' 


Orpboj,  611   (H) 
Orris,  .07  (M) 


Osmometers.  85S  (C) 
Usmorrbiis.  toe   (M) 
Osmotic  action,  Bl>  M  SM 
Physics.  Sl».  ess  to  8S9  <C) 
PbyiioloEic  -■- --- 


B.  887    (E). 
(tension).   5a j 


563^ 


pboepborus.  ds7 
Ottar  of  rose,  toG  <M> 
Ouabain,  477 
Ounce,  3S,  3* 
Ourouparia,  689  <M) 
Ovarian  entract.  SM 
Ovary  (botany),  19 

Ovofer"in,'63?''(ll) 

Oi  gall,  74°  <M) 

OnTates  and  oxalic  acid,  BIS,  J79  (M), 

8)9  (C) 
Oxalic  acid.  591   (M) 
Oiidsses,  *ii,  8so   (C) 

Oxyaeidt|'s86     '        "'     " 
Onybutyric  acid.   sSj 
Oxycamphor.  ^6!  (M) 
Oiycbinaseplol,  374 
Oiydirnorphin,    104 
Oxygen,  4S4  to  til 
Oiymellila,  6t 
Oxylocica.    sSb 
Oiyuria,  746 
Oione,  4M 

Pain    dee  Anesthesia), 
bromid),  ;6S 

Ps'lTtSHoS"'!^'' 
pSn«.  714  (M) 


Papain,    7j8    (M) 

Paraceniesis,  pfaenoV  136 
Parace.phene.fdin.    JSi     (M)    see   . 

Wf  relics,     344     lo     3S7 
Psiaffin    (durum).  753  (M) 
liquid.  7SI   (M) 
molle.  751  (M) 

Par"for^"«"'7^J** 
Paraguay  .ea,  174 
Paraldchydum,  44S  (H) 
Paralrsis: 

Delinilion.  119 

ParamidlTphenoi.  35''s 
Parasites,  cutaneous.  7M 

inlMtlnal!  1*/^  7M 
Parathyioida.  396 


Paro.id  gland.  ,104 
Panley,  idS  (H) 
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PaullmU, 
Peel  ins,  33 

P«!ar(|oi>iijni,  106  (M) 
PtJlelierin.  745   <U) 
Pengawahi.  691 
Pennyroyal,  667,  joj  (M) 

Pepper.   io»  {M) 

red,  J08  (M) 
Fenpermint,  108  (M) 
Pepjinum,  75?   (M) 
Peptones,  see  Albumoie 

la  foods.  764 

liquid,   ,6-, 
PcBtoniied  foods.  76*  (M) 


vessel).  801    (T) 

Perfas?on"l^fbV.  804   (T) 
PericBi-p.  19 

p"lodk";j™.  137 
Peristalsis:  9«2  (B) 

rxperim^nU?  lechnic,   Sio    (T) 

osmosis.  888   (F.) 
PeriloniHa,  morphin,  300 
Permannanates.  ill   (iU 

as  antidote.  M.   198.  844  <C).  1 
Permeable  membranes.   Jii 
Peronin.  186.  IBl ; 

see  Morphin  uroup,  181   to  1 
Peroiid,  organic,  MS  (M) 

hydrogen.  3B4,  •>!  (M) 
Pertussis: 

bromid,   s6S 

brotnoform,  44a 


Pelioius.  iq 
Pelroiatum,  ,,.   ..,., 
liquilum.  7S'   <M) 


M   <M) 

tron.  skin,  748 


Pharmaeopoaa,  31 
Pharmac/.  17,  St  to  tt.  837  < 
Pharyngilis.  gee  Cough. 
Phenacelinum,    KS     (M);    see 


Phenelidin  tlerivatives,  3SS    (M) 

Phenocoll.  3S6  (M) 

Phenol,  iU  to  3M 
PharmacoJow,  359 
Toiicologj-,  Mli,  377 
Therapeutics.  3S0  10  387 


I'henolm.  367 

Phenolsulphonates,  88S,  jfij    (M) 
Phenosai,  356  (M> 
Phenyl-Bcetamie,  35S  (M) 
-dimethylpyraiolon,  m  (M) 


PhenJlis^Mlicy^is,  36s  <M) 
Phlobaphenes,  31 


Phosphates.  MS,  S4S  (M) 

intravenous,  398 
Phosphatol,  370 
Phosphorelted  hydronn.  1 
Phosphoric  acid,  186.  589 
Phosphorus,  8H  io  SlA  ( 

Tests.  M,  840  (C) 
Phosphotungslic  acid.  824 


Physeter.  751  (M) 
Physic,  740  . 

ion  effects.  U9 
Irritants.  71»  to  114 

stand^lliiaHon.  "i.  8, 


Materia  medica.  385 
Tests,  8J7   (C) 
Experimenta,  wa 
Bibliography.  983 

Phytolacca.  17s,  177 

Pbylolosins.  ,199 

Pick  method,  Sii   (T) 

Picolin,  264 

Picric  acid.   37a  (M) 


I,  6S0 


3  (M> 


>.  941   (E).  9S1   (B) 


ToiicolDg);.  "S3  . 


ST?;  J 
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PASTEUR  —  PUSTULANT.      .  IO63 

biwrtrat.,  S45  (M) 
chlorid.  ;sB   (M) 

inieatine,   iSg 
dichroiMK,  6.J  (M) 
nilrale.  574  (M) 
sulphale,  545  <M) 
p^and  aodium   WHtiK.    S4S    (M) 

surch,  12  (Fig.  I) 
Polemilli.  690  , 


cubeb..  7M  (M) 
nigrum,  100  {M),  ? 
PipeTUin,  am,  S99  (A 
Piperidin,  ]68.  19] 
Fiperin.  716 
PipettM,  41  (Fig.  aa). 

(or  trosfc  79S  (T) 
Pipgissewa,  ifiS 
Piscidia.  JJ3  (M) 


Pituiury  sluid,  300 

Piliiri.  i%S 

Pii  burEUiuliea.  753  (M) 


371  (ft) 
e  method,  3 


Plague: 

Hafflcii 

Ktum,  390 
PUnUgo.  Ji5 

Planl-pepain,  7i8 
"--^oly»i».  SS4  tC) 

a  of  Paria,  756  <N 
era,  71,  74B,  )M  (U 
lum,  fi37 

.isy,  crcototc.  36S 

ibum.  ti]3 

imn's  pll,  £19  (M) 


Krum.  393,  MO  (M) 
Podophyllin,   podophyjlum, 
Poiion  ivv,  oak,  sumBch,  : 
Poisoning:    T9  to  M 

Introduction.  79 


i,  843  CO,  86s  (E> 

't'o'sf  831   (C) 

ions.  iS3  to  Ml   (C) 

lie.,  8,3   <C) 


Pallanlin,  396 
Pollen,  19 
Polygala.  515  (M) 
Polygonatum.  498 
Polypharmacy,  96 

PomcRranaie,  74S  (M) 

Poplar  budi.   107   (M) 
Poppy.  JO  a 
Popular  RicBsum.  36 
Populu^  ,07  (M) 


I  htoiorthage,  ergot,  ! 


Pray 


1.  6J4 


rr™ig«.cu  foods,  1M 
Prescription -writing,  m  to  100 
PreservBlion  of  foodi,  SB>,  841    (C) 

PrkkFy  Mb,'""  "(M)  '^ 
PriSufl'Vog' 


Proiargoi,'636  (M) 
foods.  101  (a  M 


nplar 


■.   J98   ■ 


.eolyjic 


>.  jSi. 


iVy,  £46   (M) 

jtopiasiSK"^i^n's,  1*1,  Sso   (C)  883 

jloveralrin.  jjs.  318 
«™'e  Jiriniiple,   19 

s.  4;7i   (M) 


I,    hydro 


lol,  36a 


PlerocarpuB.  689  (M) 
Ptomains.  245,  148,  388 
Ptomatro)iin.  aa; 

Putmonary 'edema,    pilocarpin   conira 

hemorrhage?^!! 
Pulque.   ao9 
Pul»l>]la,  708   <M) 
Pulse.  003   (E) 
Pulse  pressure,  B13    (T> 

Pulv"'"«la'ni1?di  CO.,  3«    (M) 
effervescen.  CO.,  J4S   (M)     ., 


Pupil,  innervation,  231 

Drugs  on,  27S 

E-petiments,  006  (E) 
Purgatin.  73a  (M) 
Purgatives.  73*.  '»»(  Me  Cathartics. 
Purin    ,61 

in  food.  7fii 
Purity  tests.  833  to  _8j6  (C) 

Puaiurant  and'  pustou'tion,  Ml,  847  (C 
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Pu  lie  [active  alkaloids,  *«<  PtonuuD*. 
PyoktininuiD,  371 
PyTamidon,  354  (M) 
[^ruol   derrvaiiva.  345   (M) 
PjTethnim.  703 
Pyridin.  tM,  62.  <C) 
Pyrocatechin.  >«.  193 
Pytodin,  ijd  (M) 
Pyronllor,  MI  <M>,  Sj}  (C) 
PyroRgiKous  acid.  590  <M> 

Pyroioa,  681    (M) 

'  (M) 

.ucu.«:u.,.    M3    (M) 

uerci^,™o  lid) 

(uilliii.   SI4   (M) 

luinalgeD,  357  (M) 
Ouiaamicin.   auinBDiidjn,  quioamin,   3: 
Quinate  o[  lithmm.  BM.  599  <M> 
Qujncr  Kcd.  7M  (M) 

QujSk'"aei3?'3J3,  J96.  s»  (M) 

Q^nin!''itJ'*ta  MS.  983  (B) 

Pharmacology,  331 

Admin  iilralion,  339 
Subslitutct,  340 
Maierii  me£ca.  ui 
Te.«,  824.  Ml  (CS 
in  urine.  843  (C) 
Eip«rim»nti 


Quinoidin,  34.' 
Quino1in.,m.  t 


phosphorua,  6 
Radiolhnapyf  1 


1,  714 

jrk.  787   (T> 
work.  7B1   (T) 

ralion.   1J3.  804   ( 


Refrigerant.  350 
Heinsch-.  (est.  I40  <0 
Kciations  of  phirmacalog 
Remote  actions,  133 

ItaTntt!  1M.  849   (C) 


Resins,  »,  IB*  )U).  S'6  (C) 
ralhartk  anbydridi,  7tt  M  7M,  ;]} 
(M) 
Rewrbin,  753  (M) 
Re)orcin(o]J,  Ml  (U).  B38  (C) 


■vaLve.  Bit  (T) 
volume,  6,6  (T) 
tracing,  Sij,  816  (T) 

Resp^lary  iiimulanta,   tsi,  US 

iSv" '" '" 

Releniion  of  urine,  ■trtnia,  uo 
Rfaamnus,  731  <M> 
Rfaaiany,  689  (M) 

Rheum.  730  <M} 
Rheumatiamt 

ffiiHJ"  o 

diapboietics,  183 

aaiicylatea,  373      , 
Bulpbur   water*,  673 
thyroid.  199 

Rhubarb;  730   (M),  8>s   (C) 

in  urine,  843  (C) 
Rhus  glabra.  690  (M) 
Rhua  poisoning.  TM 
Rice  atareh,  «   (Fig.    1).  7<7 
Ricin.  *M.  Bjs   (C) 
Ricinua,  718  (M)_ 

'K'caflein,  etc.,  !«,  886  (E) 


Rotlleri.  74S  (M) 
Roundworms,  74? 
Rubber.  7S3  (M) 
Rubefacient    and    rubefaction,  •••.  Ul 

(C) 
Rubefacient  volatile  oils,  697.  «9<  (»> 


Rum,  414  (H) 

Rumen.  690 

Ruta    703  (M) 

Rhythmic  contnetioni; 
of  heart,  890  (E) 
of  skeletal  mascle,  s^ 

Sabadilla.  Babadin,  jfj 

Sabal,  770  (M) 
Sibbatia,  715 
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Sabina.  703  <M) 
Saccharin.  IM  (M); 

Saccbailoe    flsvors,    104    (H) 

Sacchatum!  104  (M) 

lactii,  H«  (M) 
Saffron,  101  (M> 
Safrol,  iia 
Sage,   107   (M) 
Sapo.  12  (Fig.   1).  767 
SaTnt  GertMin  1«.  73?  (M) 
Sal  alemhTOIb,  «««  {&) 

Bmm<m»c,  j6]   (M) 

volalUc,    5«I    (M) 
Salamander  poiloii.  39S 
Salep,  767  (M) 

Salicinum.  374.  S7B  (M),  815   (C> 
Salicylatn.   S»  to  m.  jBs,  374   <M), 
Sjq  (C) 

in  mill..  S41  (C) 
Salicyluric  acid,  J77 
Saligenin,  37S 

Saline  catharliu.  Mt  lo  MO,  544   (H) 
Saline  inieclton*: 

Ceaersl  cffecu.  S38,  943  <E) 


Salochinin.  %*%  <M) 

SalMoll.  3S6  Ol) 

Salol,  IM.  ]74,  3SS,  365   (M).  gl»  <C) 

in  urine.  841  <C> 
Sslophen,  374.  37'   'M^ 
Salt,  canmon.  US.  jdo    (M) 


Sanl^inarin,  : 
SanoM.  764 


fM) 


.Santalun.  701  <M) 
Santonica.  74';  (M> 
Sanloninum.  1**  (M).  838  (C) 

in  urine.  B4.1  (C) 
Sapo.  S5.8  <M) 

Sapokresol.  367 
Saponaria.  Jis   (M) 


^pral.     367 
Sarracenii,  71; 


Sana,  aaruparilla.  514.  m  ( 
Sauifrw.   109  (M) 
Saiufrai  medulli,  7S5  (M) 
Sa»7  bark.  4«8  <k) 
Savin.  667.  703  (U) 
Saw-palmetlo.  7?0  CM) 
SaxifTaga,  715 
Scab,  Ma 
Scabiei. .  704 

ScIl^'l'li'oyiroB.  £10  (M) 
Scammonium,  733  <M) 
Scarification,  7" 
Scar-liHue.   tbiosinamin,  705 
Schlcich's  ancsihuia: 
general  (mixture),  43* 

Schoeidcclin-Korff  aneathoU, 


Scleroidi,  19  . 

Sc(S!a'rius,'^15'.,'A"   S47  (M) 
Scopolamin,  ace  Hyoacin 

ScWDicm'-bfte.  307 
Scrorbula,  cod  livci  oil,  765 


.  fisB 


Scruple.  3S 

Scut7|l|artl:*7as 

Sea-sickne»i : 
bromids,  568 
chloral  group,  m 
tirycbnin.  IS9 

batha.  £71 
Secale,  509   (M) 


Seed  (botany).  19 
S^d^'"""'" 


oily  a; 


«"w ' 


individual  diieaael) 
;ricum.  SSS,  39s   (H) 
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production,  8m    <T) 

reflex  irrilanls,  71 S 

__sl.ychnin,  158      ,     . 

Side"ScSons  of  diura,   lij 
Sidetliain  theory,  tW 
Sidonsi,  tm.  M9  (M) 
Sieve-tubei,  30 
Signal  magnet.  814   (T) 
Signature    (prescriritioni),  91 
SiKnalures  (doctrine).  tj6 
SiHcale  alaniinum,  aee  KaoFiD 

M^m'"?!*  (M) 
Silver.  M6.  636  (M) 


location,  716,  717 
Single  breaV  shock.   79a   (T) 

key.  79J  (T) 
Siniftrin.  704 

^''^"riuntl,  MO  to  MS.  84S  to  847   (C) 

stains,  ^"»^6'\C) 
Skunk- cabbage,  697  <M) 
Slipperj  elm.  755   (M) 


Snake-root  i 
black,  see 
Canada,  a. 

white.  a« 
Snakevenoir 

alcohol.  41 


847  <C> 
Snuff.  696 
Soap.  M&  (H) 
Soap-bark.  J14  (M) 

.liniment.  J18  (M) 

-wott.  SIS.  (M) 
5!oda.  S97  Of) 

Sodli  chfaridDni.  540  <M>1  see  Salt. 
on  intestine.  i8g 

citrD-larlnu  rd..  546   (M) 

(For  other  lodium  salts.  *ce  ihe  coi 

Sodi"r?'ion,"sW 

Sol,  SI  I 

Solanacex,  in 

Solanin.  solanum.  SIB  (H) 

Snider.  648 

Solomon-s  «al,  498 

SolDbilitia.  11  to  » 

TablM.  9M 
Solubilily  eoefficieni,  401,  401 
Solntkm,  SI  ta  Bt 
SoluttoD-t«i9ion.  SSI 
Solntions  (liquores),  59 

'"  •-'-iratorir  work,  see  Reagenli. 


Solver 
Solve 


,    367. 


1  pharmacy,  ss 


SoXit'ewSr 's*;'  (Rg.  41) 
Sotoidpl,  680.  6S1  (M) 


Bibliography.  08] 
Spasmodic  alfectloni: 


»  (M) 


curare.  358 
hyoKin.  aj8^^ 

""l^xantS^^Jo  (Mr' 
Specific  gravity.  4t.  43 

Spectroscopic  changes  in  blood.  Ssi  (C) 
Spermacettl  jsi   (M) 
Sr>enn-wbaie.  75a  (M) 
Spcrmin.  306 
Sphacelinic  acid,  soo 


Spice*.  7".  7'i   (M) 
Siiider-poison.  39S 
SpigelU.  746  (M) 


Spirva.  107  (M) 

Spiral  cells,  17  (Fig.  a) 

Spinlus   (pharmacy),  •• 

''ni?™i,*474.  47*  (M) 
ammoniz,  598    (M):  as  wlvent.  5 


gaullherix,  iii    (M) 
flycerylii  nitrates,  «j  ( 

lavandulc  CO.,  iii  (H) 


Splenic  enlargement,  quinin,  J39 

Sprains,  7tS 

Squills,  4B9,  448  (M) 

Squirlin_g  eucumber,  7.14   (M> 

Stains  from  poiaona.  MB.  846  (C) 

Stamen,  tg 

Standardization,  see  Aasaying. 

Slands  for  levers,  794   (T) 


Sureh.  ao  (Fig.   r.  p.  «>, 
Stas-Otto  method.  H 
StaveSBcre.  U3 
Steapsin.  ;c8 
Stearic  add.  S9'    'MX  IB* 


«  (M) 
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Sterei 


iicriliiali 


1  of  water,  tax 

iei.  «»«■  847   (C) 

Swthograph,  816  <T) 
Stigma,  19 
Simiogia.  71, 
'•;ill..   50    (Fie-  M) 


ilimulalioQ,  definition,  1 1 9 ; 
analyai*.  IIS.  87s  <E) 


i.  8?3 


Slomichica,  119  (a  7SS,  9»j   (B) 

Slomata,  31 

Slomaliiis,  chlorate,   S77 

Slone,  «»*  Calculi. 

Stanecellg,  37   (Fig.  4) 

Storan,  699  (M) 

Slovain.  «4  (M) 

Si  raining  (pharniac]i).  55 

Sttammonium.  s4»   (M) 

Strength  of  liquora,  59        . 

pKi"mac^ia"  pr'"pa"tioM,  Table 
IV,  p.  Ji 
Slrontium,  S64   (M)   (ractate) 
Slropbanthus,  487.  4S9,  49;  ( 


T. 


i-£S-Sh"^'%> 

i;l.'?  "• 

Styptic  wllon,  691 

Stjpticin.  iie.  =M    (Ml 

St!-pt^.^«^<>J^^5  <C) 

Slyr^l.    ™"'""'' 

Styra:..  699   (M) 
Subcutaneoui    injections,    see 

Hypodei- 

Subculio.  31 ; 

Suberin,  j6 

l"doHfieV  380 

Suet.  7<1>  (Ml 

Suffocation,  kc  Asphyxia. 

S,t.,,^...  (M) 

ESi".., 

SuRar  of  lead,  6s,1  <M) 

Susdestiv*  Iherapeut.cB,   139 

Suicidal  roiKH,;:iB.  71 

Sulfonal,  447.   44S   (M> 

SutphalH.  MS.  S4S   (M>.  94 

(E) 

SuTphirtj.  818.  67?   (M) 

SulphilM.  383.  383.  •1*.  675 

(aee  Sulphur  dioxid) 
Snlphocarholates.  see  Phenol 

(M) 

ulphonatea 

Sulphocyanids.  466,   4«8.  B1I 

Bulnhonmrthanum,   447.   MS 

448    (M) 

S7S.  675. 

Suppositories,  W.  70 
Suprarenal   alkaloid.  S 


Tests.  837   (C) 

Extracts  for  experiments,  788 
Practical  work,  944  (E) 
Bibliography,  9S1 

Suseepiibility,'  131       .  ... 

Sweat,  see  Uiaplipretics  and  Anhy- 


Sydenham's  laudanum.  303 
Sympathetic,  cervical.  808   (T) 
Symplocarpus.  697  (M) 

Syncope: 


Sy^rup".  m"' 
Syrupui.  .0. 


1M," 


SysIoHc'slandMill.'gi"   (E) 
Syiygium.   770   (M) 

Tabacum,  i6j  (Ml 
Tabellff,  tablets.  69 
Tables  for  chemical  work.  780  <T) 

for  animal  work,  784    (T) 
Txnia.  744 
Talcum.  749  {M> 
Tamarind,  59'    (Mt 
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bra.  453  (M). 


Tanocol,  68S 
Tansy.   ""     - 
Tapewt 


TartanM  ■tibiatus,  aiS.  6i«  <M) 
Tartiric  acid,  s?»  <M)  ^^^    ^ 

(M) 
TarlratH,  J4S  (M).  BTT 
Taate   <■«  FIbvots): 

paralysis  bj  drugs.  ii£,  S83   <E) 


fey*r,,3So 
morpbrn.  1S7 
quinin.  336 


ribinihin'a.  698  (M> 


phenol,  361 
physoBligmin,  178 

TMl-booVs.  7»0  (T) 
Thalliioquin  reaction.  B37  (C) 
Thallin.  348.  3S7 
Thallium.  Ssr   <M) 


Theobromio  (ki 
Theocin.  170,  1; 
Thiophyllin,  16 
Therapeulic  inc 
ThcrapcDlia: 


History.  13s  to  74 
Cla««iiieBHon,  140 


Thermodin,  j;6  (M) 
Theimogenflic  centerfc  113 
Thiocol.  i?"  <M> 
Thiol,  «4.  676  (M) 
Thioiinamin.  387.   70S    (M) 
Thiosulphatcs,  riS  <M) 
Thoracic  duct,  808  (T) 
Thorax,  opening  of,  809  (T) 
Thorium,  634  IM) 
Thorn  apple,  I43  <M) 
Thread- worms,  746 

ThM^fi^B'  (M) 


ThyreogloSiilin,  19S 

Thyroid,   ISH  tO   MM    (M).   983    (B) 

Thyroidectin,  300   (M) 

Tie^nnM^JM  ^'  " 

Tilia.  107   (Ml 

Time  of  adminismiion,  iiS 

Tin.  637 


2   (M) 


capiid  ei'myrrhz.  716  <M) 

cardamomi  comp.,  715 

chlorofonni   et    morpn,   co,.   44)    <M> 

digitali*.  49?    (M>;   preparalion.  61 

lavandulK  Co.,   iii    <M) 

pertionis  and  CO.,   IW   (M).  Bl«  (C> 

gaponis  viridis.  718  (M> 

Tinc"ure).  '«''^ 
of  iron,  63a  (M) 


obacco,  16 

7  (M),  see  NicoHo 

■0  ".'^"1    (if-) 

0  uifera. 

07.  601   (M). 

703    M) 

isAV"^'"' 

Onpiel   COI 

tings,  661 

T:di."™rii'«, 

climate. 

' 

phosphor 

«S8 

f^SriFc 

£„,  „, 

rorrefactiOT 

.  4^ 

Torsion  hal 

nee.  40 

Torlicollifc 

coniln,   377 

hyoscin. 
To^la.   423 

38 

s,  368 

To«mia: 

54,8 

saline  in 

Toxie  doso 
ToKicoderid 

yc  "' 

analysis.  81  to  ST 

"^"Ei^tiSn.  BV.   >o  Si2 

esctioRS.  83ti 

lo  84 

(C) 

Toxi^  M- 

84*   (C) 
W  toW,  980,  98. 
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Toiireiin.  478 
Trachea,  iiaUlion,  80 
injection,   134.  604 
Trachcids  (bounj),  ; 


Blood-priMure,  811    (1 
Respiratory.  Sij  (T) 

Tnigacanlha,  755   <M> 

T«o»fmicm.  538 


..  .plan 


of. 


Tiemara.  hyoKin,  aj8 
Tr  bromphcnol,  621    <M) 
TrcWoraiMic  acid,  jgo  (M) 
Tt  cbloraldchyd,  see  Chloral 
TridiomaU,  iS  (Fig.  7) 
Tnthophyton,  »o4 
Tr  folium.  lofi  (M) 
Tr  formol.  4Sa   (M) 
Trjionella.  109  {M) 
Trikresol.  366  (M) 
"    ■-  lolamin,  366   (M) 

ihylxinthin.  see  Caftein 


y  weigbt,  js,  38 


'}1S?'*^.^M* 


hthxol.  6ji 
■din.  678 
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6?6  (Mj 

Isam.  6«q  (M) 
(M).  ti6  (C) 
»  (M),  Ba6   (C> 
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traUaiD)  and  vc 


Uncaria,  6Sa   (M) 
Unguenu.  ft.  jil  (M) 
Unguenlam.  753   fM) 

aqii»  rosi.  7S3  (M) 

ctlacei,  rjj  (M) 

Cridi,  616  (M) 

resine.  753  (M) 

simplex,  7S1  (M) 

Urates  and  uric  acid,  j8o 
see  Calculi 
solvcna.  SM,  599  (M) 
Urea,  MO  (M) 

formation   from  ammonium.  s6o 
Uremia;    (see  N'ephrilis) 

concentration  of  blood,  S38 

polasaium,   JM 
titeters,  810  (T) 

Urcthane    434,  43S.  **'    <M).  944  <E) 
Urelbral  bougiei,  69 

mjeciions,   £gi;   sirengtb,  601 
Utelhritis: 


tannin.  687 

Urjtinea    49S  (M) 


J8s 


color,  by  drugs,  Tt» 

.««7or  druga,  841   (C) 
Uroain,  SM.S99   CM) 
Urotropio.  41^  (M) 
UBlilago,  S09  (M> 

mamniary  and  parotid  glands,  J04 

Uterine    teitiorrhage,  ergot,    508 

stimulant's,  BM 
UvB  Ursi,  367,  368  (M) 


Vaccinii.  3«   (M) 
Vaccmia.(plat,t),  690  ( 


n  tonicity,   j 
696   CM) 
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■inciure.    3^3    rU) 

WanninR  pUaa,  7118 

Warts,  69J 
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SlerSuiliin.  38J 
as  Imlani,  67^ 
Watergas.  458 
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WaxM.    751    (M> 
Weighing,  j8 
\\'heat  starch,   n   (FIe-  1 
Whisky.    4,4    (M);    se*    .' 
White  h»llebore.  lai,   311 
iMd.  6s4  <M) 

vilriof.  638  (M) 


Wolfbane,  .13 
Wood.  19.  M 
Wood  alcohol,  411,  839  (C) 
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ee  Anthelmintic 
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as  styptic.  £91 
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Valerianate!.  69G  (M) 
VallM's  mass.  6^9  <M) 
Value  of  pharraamlogy    115  ^. 
Valvular  ftsioni,  He  Heart  diai 


VALERIANATES ZYGADENUS. 

Walnut.  690 

Warburg-s  pill.  j«  ( 

tincture,  34a  (M) 
Warming  plasMr.  708 
Warls.  693  . 


VtECtable  aslringents,  «SS  to  691.  6gB 

(M) 
Vegelable  calharlics.  n«  to  74S 


Vehicle   {p'reKrfbing),' 

Vein-flow,  818  (T) 

-pt«sure.  S18  <T) 

Vmin,  see  SniSe-poisi 


PhamiBcoloiori  3 
Therapeulics.  jai 
Maters  medjca. 
Tests.  83?   (C) 
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■r  (Mi 


Vinegar.  590  (M) 
Vinnn.  album.  414    (C 
rubrum.  414  <M) 
ponenae.  «as   (M) 


Green,  see  Ferrou 
White.  638  (M) 
Oil.  589   (M) 


Tesis,  Ba6  (C) 
Vomiting,   see  tw„.,  , 
Vulc»ni.ed  rubber.  753 


Ut  TM,  985   (B) 

Hype  f  tmesis 


-glass,  7i6  <M) 


Waxet    7ja    (M) 

Weighing.  jB 

Wheal  starch.   la  (Fig.   1),  767 

WhiiVy.  4=4   (M):  see  Alcohol 

White  heUeboTE.  33J,   <ig   (M) 

lead.  «S4  (M) 

pine  e.peclorant,  J19   (M) 

precipitate,  647  (it) 

vilnol.  63S  <M) 
WhoopinR  cough,  see  Pertuuii 


a.us,  894  (T) 


'■^mSiciie'a  *ia'  *'^-  *^*'"* 
Wintergreen.    '09   (M).  .jj 
Wilchhacel.  689  (M) 
Wolfb«ne.  313 
WomI,   19.  M 

Wood-alcohol.  4ie,  8)9  (C) 
Wood-wool.  7^-i   (M) 
Wool- fat.  7Si  (M) 


S,  746  (M) 

c  AnihelmintiM.  14t  to  T4< 

mollienis,  etc.,  748 

lils  and  balsams,  699   (M) 


jaimine.  aB4  (M) 

wash,  646   (M> 
Verba,  sanla.  n«   (M) 
Yohimbin.  MB  (M),  981   (B) 
Young's  rule,  la? 

Zin°,*«S7.^6i8  (M) 
as  emetic.  SIB,  941  (E) 

as  styptic.  691 
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SAUNDERS'  BOOKS 


Skin,  Genito-Urinary 
Diseases,  Chemistry,  and 
Eye,  Ear,  Nose,  and  Throat 

W.  B.  SAUNDERS   COMPANY 

925  WALNUT  STREET  PHILADELPHIA 

9.  HENRIETTA  STREET,  COVENT  GARDEN.  LONDON 

MECHANICAL   EXCELLENCE 

I^OT  alone  for  their  literary  excellence  have  the  Saunders  publi- 
*^  cations  become  a  standard  on  both  sides  of  the  Atlantic:  their 
mechanical  perfection  is  as  universally  commended  as  is  their  sci- 
entific superiority.  The  most  painstaking  attention  is  bestowed 
upon  all  the  details  that  enter  into  the  mechanical  production  of  a 
Vnok,  and  medical  journals,  both  at  home  and  abroad,  in  reviewing 
the  Saunders  publications,  seldom  fail  to  speak  of  this  distinguishing 
feature.  The  attainment  of  this  perfection  is  due  to  the  fact  that  the 
firm  has  its  own  Art  Department,  in  which  photographs  and  drawings 
of  a  very  high  order  of  merit  are  produced.  This  department  is  of 
decided  value  to  authors,  in  enabling  them  to  procure  the  services  of 
artists  specially  skilled  in  the  various  methods  of  illustrating  medical 
publications. 

A  CompM*  Cat&lotftM  of  our  PubBcatiMii  wUI  be  Sent  upon  Requeit 
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a  SAUNDERS-    BOOKS    ON 

Barnhill  and  Wales' 
Modem  Otology 

A  Text-Book  of  Modern  Otology.  By  John  F.  Baknhill,  M.  D., 
Professor  of  Otology,  Laryngology,  and  Rhinology,  and  Earnest 
DE  W.  Wales,  M.  D.,  Associate  Professor  of  Otology,  Laryngology, 
and  Rhinology,  Indiana  University  School  of  Medicine,  Indianapolis. 
Octavo  of  575  pages,  with  305  original  illustrations.  Cloth,  ^5.50  net; 
Half  Morocco.  $7.00  net. 

THE   PRACTITIONER'S   OTOLOGY 

The  aulhoTs,  in  writing  this  work,  kept  ever  in  mind  the  needs  of  the 
physician  engaged  in  general  practice.  It  represents  the  results  of  personal 
experience  as  practitioners  and  teachers,  influenced  by  the  instruction  given  by 
such  authorities  as  Sheppard,  Dundas  Giant,  Percy  Jakins.  Jansen.  and  Alt. 
Much  space  is  devoted  to  prophylaxis,  diagnosis.  a.nd  treatment,  both  medual 
and  surgical.  There  is  a  special  chapter  on  the  bacteriology  of  ear  ctffecUoHS — 
a  feature  not  to  be  found  in  any  other  work  on  otology.  Great  pains  have  been 
taken  with  the  illustrations,  in  order  to  have  them  as  practical  and  as  helpful  as 
possible,  and  at  the  same  time  highly  artistic.  A  large  number  represent  the 
best  work  of  Mr.  H.  F.  Aitken. 


PERSONAL   AND   PRESS   OPINIONS 


Frank  AUport,  M.D. 

Professor  of  Otology.  NorOmestirH  University,  Chicago. 

"  I  regard  it  as  one  of  Ihe  best  books  in  the  English  language  on  this  subject  The 
pictures  are  especially  good,  paiticnlarly  aa  they  are  piaciically  all  original  and  doi  Ibe  old 
reproduced  pictures  so  frequently  seen." 

C.  C  Stephenson,  M.  D. 

Priftssar  of  Ophthalmology  aud  Otology.  Collegt  of  PhysUiam  and  Surgeons.  LillU  Soci. 

"  To  my  mind  there  is  no  work  on  modem  otology  that  can  for  a  moraenl  compare  wiih 
'  BamhiH  and  Wales.'  " 

Joumal  American  Medical  Auodatfon 

'-  [ts  teaching  is  sound  throughout  and  up  to  date.  The  nroogest  chaplen  are  those  on 
suppuration  of  the  middle  ear  and  the  mastoid  cells,  and  the  Intraciaaial  complications  of  ear 
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DISEASES  OF  THE  EYE.  J 

DeSchweinitz's 
Diseases  of  the  Eye 

The  New   (5th)  Edition 

Diseases  of  the  Eye:  A  Handbook  op  Ophtkaluic  Practice. 
By  G.  E.  DeSchweinitz,  M.D.,  ProfessorofOphthalmolt^yin  the  Uni- 
versity of  Pennsylvania,  Philadelphia,  etc.  Handsome  octavo  of  894 
pages,  313  text-illustrations,  and  6  chromo-lithographic  plates.  Cloth, 
^5.00  net;  Sheep  or  Half  Morocco,  ^.50  net. 

WITH  313  TCXT-ILLUSTRATIONS  AND  «  COLORED  PLATES 

For  this  new  edition  the  text  has  been  very  thoroughly  revised,  and  the  work 
enlarged  by  the  addition  of  new  matter  to  the  extent  of  some  one  hundred  pagei. 
There  have  been  added,  amongst  other  subjects,  chapters  on  the  following  :  X-Ray 
Treatment  of  Epithelioma,  Xerodenna  Pigmentosum  ;  Purulent  Conjunctivitis  of 
Young  Girls ;  Jequiritol  and  Jequiritol  Serum  ;  X-iay  Treatment  of  Trachoma ; 
Infected  Marginal  Ulcer ;  Keratitis  Punctata  Syphilitica  ;  Uveitis  and  Its  Varieties  ; 
Eye- ground  Lesions  of  Hereditary  SyphiUs ;  Macular  Atrophy  of  the  Retina; 
Worth's  Amblyoscope  ;  Stovain,  Alypin ;  Motais'  Operation  for  Ptosis  ;  Kuhnt- 
Miiller's  Operation  for  Ectropion;  Haab's  Method  for  Foreign  Bodies;  and 
Sweet's  X-Ray  Method  of  Localizing  Foreign  Bodies.  Other  chapters  have  been 
rewritten.     The  excellence  of  the  illustrative  feature  has  been  maintained. 


PERSONAL  AND  PRESS  OPINIONS 

Suaud  Theobald.  M.D., 

cubical  Proftnor  of  Ofhlhalmology.  Johns  Hopkins  Univrrsiiy.  BiUimeri. 
"  ll  is  H  work  IhBl  I  have  held  in  high  eileem.  and  i';  one  of  Ihe  iwo  or  three  books  upon 
the  eye  which  I  have  been  in  Ihe  habit  of  recommending  lo  my  students  in  (he  Johnl  Hopktou 
Medical  School." 

W.  rrankUn  Coloua,  M.  D., 

PtvfasoT  af  Distasci  oflht  Eyt,  PeslgraduaU  MedUal  Schoal,  CkUago. 

"I  am  very  much  pleased  with  deSchwein ill's  work  and  will  recommend  il  lo  Ihe  membeis 
of  my  class  as  a  most  reliable,  complete,  and  up  lo  dale  text-book." 
Biilkh  Medical  JourmI 

"A  cieaily  written,  comprehensive  manunl.  One  which  we  can  commend  lo  students  ■■  ■ 
riliable  lexl-book.  written  with  an  evident  knowledge  of  Ihe  wants  of  those  enlering  upon  the 
study  of  thb  special  branch  of  medical  science." 
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4  SAUNDERS"    BOOKS  ON 

Brtihl.  Politzer.  and  Smith's 
Otology 

Atlas  and  Epitome  of  Otology.  By  Gustav  Bruhl,  M.  D.,  of 
Berlin,  with  the  collaboration  of  Pkofessor  Dr.  A.  Politzer,  «f 
Vienna.  Edited,  with  additions,  by  S.  MacCuen  Smith,  M.D..  Pro- 
fessor of  Otolt^y  in  the  Jefferson  Medical  Collie,  Philadelphia. 
With  244  colored  figures  on  39  lithographic  plates,  99  text  illustra- 
tions, and  293  pages  of  text.  Cloth,  ^3.00  net.  In  Saunders'  Hand- 
Atlas  Series. 

INCLUDING  ANATOMY  AND  PHYSIOLOGY 

The  work  is  both  didactic  and  clinical  in  its  teaching.  A  special  feature  it 
the  very  complete  exposition  of  the  minute  anatomy  of  the  ear,  a  woricing  knowl- 
edge  of  which  is  so  essential  to  an  intelligent  conception  of  the  science  of  ottdogx- 
The  association  of  Professor  Politzer  and  the  use  of  so  many  valuable  spedmees 
from  his  notably  rich  collection  especially  enhance  the  value  of  the  treatise.  Tbe 
woHe  contains  everything  of  importance  in  the  elementary  study  ot  otology. 
CUience  J.  Blake.  M.  D.. 

Profisior  of  Olologf  in  Harvard  Uiuvtrnty  Midital  Sckeel.  Baton. 

"  The  most  complete  work  of  its  kind  as  yet  published,  and  one  commendiDg  itself  lo  b<Nk 
the  student  sad  the  teacher  in  Che  character  and  scope  of  iu  illustrations." 

Haab  and  deSchweinitz's 
Operative  Ophthalmology 

Atlas  and  Epitome  of  Operative  Ophthalmology.      By  Dr.  0. 

Haab,  of  Zurich,  Edited,  with  additions,  by  G.  E.  deSchweimtz, 
M.  D.,  Professor  of  Ophthalmology  in  the  University  of  Pennsylvania. 
With  30  colored  lithographic  plates,  1 54  text-cuts,  and  375  pages  of 
text.     In  Saunders'  Hand-Atlas  Series.     Cloth.  $3.50  net. 


Dr.  Kaab's  Atlas  of  Operative  Ophthalmology  will  be  found  as  beautifiil  and 
as  practical  as  his  two  former  atlases.  The  work  represents  the  author's  thirty 
years'  experience  in  eye  work.  The  various  operative  interventions  are  described 
with  all  the  precision  and  clearness  that  such  an  experience  brings.  Recogniong 
the  fact  that  mere  verbal  descriptions  are  frequently  insufficient  to  give  a  dear 
idea  of  operative  procedures,  Dr.  Haab  has  taken  particular  care  to  illustrate 
plainly  the  different  parts  of  the  operations. 
Johns  Hopldns  Hospttsl  Bulletin 

"  The  ili^scnpiions  of  the  various  oper.itions  are  so  dear  and  full  that  the  volume  can  vtl 
hold  place  with  more  pretentious  lext-books." 


DISEASES  OF  THE  EYE. 


Haab  and  DeSchweinitz's 
External  Diseases  qf  the  Eye 

Atla4  and  Epitome  ol  External  Diseases  of  the  Eye.     By  Dr.  O. 

Haab,  of  Zurich.  Edited,  with  additions,  by  G.  E.  deSchweinitz, 
M.  D.,  Professor  of  Ophthalmolc^y,  University  of  Pennsylvania.  With 
1 01  colored  illustraUons  on  46  lithographic  plates  and  244  pages  of 
text     Cloth,  $3.00  net.     In  Saunders'  Nand-Atlas  Series. 

NEW    (3d)    EDITION-JUST    READY 

Conditions  attending  diseases  of  the  external  eye,  which  are  often  so  com  plicated, 
have  probably  never  been  more  clearly  and  comprehensively  expounded  than  in 
the  forelying  work,  in  which  the  pictorial  most  happily  supplements  the  verbal 
description.     The  price  of  the  book  is  remarkably  low. 

The  M«dlcBl  Racotd.  New  York 

"Tbe  work  is  eicellenlly  suilcd  ID  Ihe  sludenl  of  ophthalmoli^y  and  to  lb*  pnetUng 
phyilcun.     It  cannot  fail  to  attain  a  well-deserved  popularily," 

Haab  and  DeSchweinitz'y* 
Ophthalmoscopy 


Atlas  and  Epitome  of  Opiithalmoscopy  and  Ophthalmoscopic 
Diagnosis.  By  Dr.  O.  Haab,  of  Ziirich.  Edited,  with  additions,  by 
G.  E.  deSchweinitz,  M,  D.,  Professor  of  Ophthalmology,  University 
of  Pennsylvania.  With  152  colored  lithographic  illustrations  and  92 
pages  of  text.  Cloth,  ^3.00  net.  /«  Saunders'  Hand-Atlas  Series. 
NEW    (2d)    EDITION— JUST    READY 

The  great  value  of  Prof.  Haab's  Atlas  of  Ophthalmoscopy  and  Ophthalmo- 
scopic Diagnosis  has  been  fully  established  and  entirely  justified  an  English 
translation.  Not  only  is  the  student  made  acquainted  with  carefully  prepared 
ophthalmoscopic  drawings  done  into  well-execuled  lithographs  of  the  most  im- 
portant fundus  changes,  but.  in  many  instances,  plates  of  the  microscopic  lesions 
are  added.     The  whole  furnishes  a  manual  of  the  greatest  possible  service. 

Ths  Luicot,  London 

"We  recommend  it  OS  n  work  that  should  be  in  the  ophlhalmic  wards  or  in  the  library  of 
erery  hospital  into  which  ophthalmic  caaea  are  received." 
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6  SAUNDERS'  BOOKS  OX 

Cradle's 
Nose,  Pharynx,  and  E^ 

Diseases  of  the  Nose,  Pharynx,  and  Ear.     By   Henry   Gradle, 

M,  D.,  Professor  of  Ophthalmology  and  Otology,  Northwestem  Uni- 
versity Medical  School,  Chicago.  Handsome  octavo  of  547  pages, 
illustrated,  including  two  full-page  plates  in  colors.     Cloth,  ^3.50  net. 

INCLUDING  TOPOGRAPHIC  ANATOMT 

This  volume  presents  diseases  of  the  Nose,  Hiarynx,  and  Ear  as  the  anlhcf 
ku  seen  them  during  an  experience  of  nearly  twenty-five  years.  In  it  are 
aaswered  in  detail  those  questions  regarding  the  course  and  outcome  of  disease* 
which  cause  the  less  experienced  observer  the  most  anxiety  in  an  individual  case. 
Topc^raphic  anatomy  has  been  accorded  liberal  space. 

PMUH^Tsnia  Medical  Jounul 

"  This  is  the  most  practical  volume  on  th«  nose,  pharyni.  and  ear  that  has  apficand 
reeenlly.  ...  It  is  axactly  what  the  less  experienced  observer  needs,  as  it  avoids  'he  eoaliiiwe 
incident  lo  a  categorical  stalemenl  or  ererybodT's  opinion." 

Kyle's 
Diseases  of  Nose  anS  Throat 


Diseases  of  the  Noae  and  Throat.  By  D.  Braden  Kyi^  U.  D„ 
Professor  of  Laryngology  in  the  Jefferson  Medical  College,  Phila- 
delphia. Octavo,  797  pages;  with  219  illustrations,  26  in  colors. 
Cloth,  J4,oo  net;  Half  Morocco,  ^5.50  net. 

THE    NEW  (4a>)  EDITION 

Four  large  editions  of  this  excellent  work  fully  testify  to  its  practical  value. 
In  this  edition  the  author  has  revised  the  text  thoroughly,  bringing  it  absolutely 
down  to  date.  With  the  practical  purpose  of  the  book  in  mind,  extended  con- 
sideration has  been  given  to  treatment,  each  disease  being  considered  in  full,  and 
definite  courses  being  laid  down  to  meet  special  conditions  and  symptoms. 
Penniylvanu  Medical  Journal 

"  Dr.  Kyk'«  cii^p.  lerse  diclion  has  enabled  Ihe  inclusion  of  all  needful  noM  and  ihraai 
knowledge  in  Ihis  t>oi>l(.  The  piaclical  man,  be  he  special  or  general,  will  not  search  ia  nil 
for  anything  he  needs," 


,ab,GoOglc 


EV£.    EAR.    NOSE,    AND    THROAT.  7 

GET  *  •  '^"■^  I"^* 

THE    BEST  /\  111  G  IT  1  C  a  H  STANDARD 

Illustrated  Dictionary 

Just  Re&dy— The  New    ($th)    Edition 


Hie  Anwrican  Illustrated  Medical  Dlctlonaiy.  A  new  and  com- 
plete dictionary  of  the  terms  used  in  Medidne,  Surgery,  Dentistry, 
Fhaimacy,  Chemistry, and  Idndred  branches;  with  over  100  new  and 
el^K>rate  tables  and  many  handsome  illustrations.  By  W,  A.  Newman 
DoRLAND,  M.  D.,  Editor  of  "  The  American  Pocket  Medical  Diction- 
ary."  Large  octavo,  nearly  876  pages,  bound  in  full  flexible  leather. 
Price,  ^.50  net;  with  thumb  index,  ^5.00  net 

WITH  aOOO  NEW  TERMS 

In  this  e^tion  the  book  has  been  subjected  to  a  thorough  revinon.  The 
author  has  also  added  upward  of  two  thousand  important  new  terms  that  have 
appeared  in  medical  literature  during  the  past  few  months. 

■owh4  a.  IUII7,  M.  D.. 

Pr<fisssr  of  Cyneology.  Joini  Hepkins  VnivirtUy,  Ba/timon. 

"  Dr.  EtorUnd's  DictionaT)'  is  admirable.  Il  is  so  well  gollen  up  and  of  Euch  coDxaicBl 
liie.     No  erroTt  have  been  found  in  my  use  of  it." 

Theobald's  Prevalent  Eye  Diseases 


Prevalent  Diseases  ol  the  Eye.  By  Samuel  Theobald,  M.  D.. 
Clinical  Professor  of  Ophthalmology  and  Otology,  Johns  Hopkins 
University.  Octavo  of  550  pages,  with  219  text-cuts  and  several  colored 
plates.     Cloth,  ^50  net;  Half  Morocco,  ^.00  net. 

THE  PRACTITIONER'S  OPHTHALMOLOGY 
With  few  exceptions  all  the  works  on  diseases  of  the  eye,  although  written 
ostensibly  for  the  general  practitioner,  are  in  reality  adapted  only  to  the  specialist ; 
but  Dr.  Theobald  in  his  book  has  described  very  cleariy  and  in  detail  those  condi* 
tions.  the  diagnosis  and  treatment  of  which  come  within  the  province  of  the  general 
practitioner.  The  therapeutic  suggestions  are  concise,  unequivocal,  and  specific. 
It  is  the  one  work  on  the  Eye  written  particularly  for  the  general  practitioner. 
OwriM  A.  OUrer.  M.D., 

Oinital  Professor  of  OfUka/moUgy.  Woman' 1  Mtdical  Colltgt  of  PatHsylvania. 

"  I  feel  1  can  conscientiously  recommend  il,  not  only  lo  the  general  physician  and  medical 
(tudeni,  for  whom  it  is  primarily  written,  but  also  to  the  eipcricDCvd  opbthalmolOfkt.  Matt 
rarely  Dr.  Theobald  has  accomplished  his  purpose." 

Dniitizc-ctyCiOOgle 


8  EYE.    EAE,    NOSE,   AND    THROAT. 

de  Schweinitz  and    HoUoway  on  Pulsating    E^xof^ 
thalmos 

Pulsating  Exophthalmos,  An  analysis  of  sixty-nine  cases  not  pre- 
viously analyzed.  By  George  E.  deSchweimitz,  M.  D.,  and  Tmowas 
B.  HoLLOWAY,  M.  D.     Octavo  of  125  pages.     Cloth,  $2.00  net. 

This  monograph  consists  of  an  analyws  of  sixty-nine  cases  of  this  affection 
not  previously  analyzed.  The  therapeutic  measures,  surreal  and  otberviie. 
which  have  been  employed  are  compared,  and  an  endeavor  has  beeo  made 
to  detennine  from  these  analyses  which  procedures  seem  likely  to  prove  erf 
the  greatest  value.  It  is  the  most  valuable  contribution  to  Ophthalmic  iinr- 
ature  within  recent  years. 

Jackson  on  the  Eye  Hw  New  (m)  zmm 

A  Manual  of  the  Diagnosis  and  Treatment  of  Diseases  of  the 
Eye.  By  Edward  Jackson,  A.  M.,  M.  D.,  Professor  of  Opbthalin<ri<^, 
Univetsity  of  Colorado,  i  zmo  volume  of  615  pages,  with  184  beautitDl 
illustrations.     Cloth,  {2.50  net. 

The  MeAckl  Racord,  New  York 

"  I(  19  Inily  an  ulminbk  work.  .  .  .  Wr 


Grant  on  Face,  Mouth,  and  Jaws 

A  Text-Book  of  the  Surgical  pRiNapixs  and  StntoiCAL  Diseasfs 
OF  THE  Face,  Mouth,  and  Jaws.  For  Dental  Students.  By  H.  Horace 
Grant,  A.  M.,  M.  D.,  Professor  of  Surgery  and  of  Clinical  Sutgerr, 
Hospital  College  of  Medicine,  Louisville.  Octavo  of  231  pages,  with 
68  illustrations.     Cloth,  21.50  net. 

Friedrich  and  Curtis  on  Nose.  Larynx,  and  Car 

RhINOLOCY,  JjARYNGOLOCy,  AND   OtOLOGV,  AND   THEIR   SlGNIFICANCT 

IN  General  Mediqne.  By  Dr.  E.  P.  Friedrich,  of  Leipzig.  Edited 
by  H.  Holbrook  Curtis,  M.  D.,  Consulting  Surgeon  to  the  New  Yoik 
Nose  and  Throat  Hospital.  Octavo  volume  0^350  pages.  Qotb, 
22.50  net. 
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GENITO-URINARY  AND    NOSE.     THROAT.    ETC.  9 

Greene  and  Brooks' 
Genito-Urinary  Diseases 

Diseases  of  the  Oenlto-Urlnary  Organs  and  the  Kidney.     By 

Robert  H.  Greene,  M.  D.,  Professor  of  Genito-Urinary  Surgery  at 
Fordham  University ;  and  Harlow  Brooks,  M.  D,,  Assistant  Pro- 
fessor of  Clinical  Medicine,  University  and  Bellevue  Hospital  Medical 
School.  Octavo  of  605  pages,  illustrated.  Cloth,  $5.00  net;  Half 
Morocco,  I6.50  net. 

THE  NEW    (2d)    EDITION 

This  new  work  presents  both  the  medical  and  surgical  sides.  Designed  as  a 
work  of  quick  reference,  it  has  been  written  in  a  clear,  condensed  style,  so  that 
the  information  can  be  readily  grasped  and  retained.  Kidney  diseases  are  very 
elaborately  detailed. 

N«w  Torii  Medical  Journal 

"  As  a  whole  the  book  is  one  of  the  moxl  Siitiifoctory  and  useful  works  on  genito-urinarjr 
diseases  now  exiant.  and  will  undoubtedly  be  popular  among  practilionera  and  sludenls." 

Gleason  on  Nose,  Throat, 
and  Ear 

A   Manual  of   Diseases  of  the   Nose,  Throat,  and    Ear.     By  E. 

Baldwin  Gleason,  M.  D.,  LL.  D.,  Clinical  Professor  of  Otology, 
Medico-Chirurgical  College,  Philadelphia.  i2mo  of  556  pages,  pro- 
fusely illustrated.     Flexible  leather,  $2.50  net. 

FOR   PRACTITIONERS 

Methods  ot  treatment  have  been  simplll^ed  as  much  as  possible,  so  that  in 
most  instances  only  those  methods,  drugs,  and  operations  have  been  advised 
which  have  proved  beneficial.  ^  valuable  feature  consists  of  the  collection  of 
formulas. 

American  Jonmal  of  the  Medical  Sdencet 

■'  For  (he  praciitioner  who  wishes  a  reliable  guide  in  laryngology  and  otology  there  are  few 
books  which  can  be  more  heaniiy  commended." 


American  Text-Book  of  Oenlto-Urinary  Diseases,  Syphilis,  and 

Diseases  of  the  5lcin.  Edited  by  L.  Bolton  Bangs,  M.  D.,  and 
W,  A.  Hardaway,  M.  D.  Octavo,  1229  pages,  300  engravings,  20 
colored  plates.     Cloth,  ^7.00  net. 
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StelwagonV 
Diseases  of  the  Skin 


A  Treatise  oa  Diseases  of  the  5klo.    By  Henry  W.  Stelwaoom, 

M.  D.,  Ph.  D.,  Proressor  of  Dermatology  in  the  Jefferson  Medical 
College,  Philadelphia.  Octavo  of  1135  pages,  with  258  text-cuts  and 
32  plates.     Cloth,  J6,oo  net;  Half  Morocco,  ^7.50  net 

THE   NEW   (5di)   EDITION 

The  demand  for  five  editions  of  this  work  in  a  period  of  five  years  indtcaies 
the  practical  character  of  the  book.  In  this  edition  the  articles  od  Fiainbcfia. 
Oriental  Sore,  and  other  tropical  diseases  have  been  entirely  rewritten.  The  new 
subjects  Include  Verruga  Peruana,  Leukemia  Cutis,  Meralgia  Paixstbetica,  Dbofaie 
Itch,  and  Uncinarial  Dermatitis. 

Geotge  T.  ElHol,  M.  D.,  Prefissvr  ef  Dtrmatology,  Cenull  Univtrsi/y. 

"  It  is  a  book  that  I  recommend  to  my  class  B(  Cornell,  because  for  conservative  jndsBMoL 
for  accurate  observation,  and  for  a  (borough  appreciation  of  the  essential  position  ot  dena»- 
tology,  I  think  il  bolds  first  place." 


Schamberg's  Diseases  qf  the  Skin 
and  £ruptive  Fevers 


Diseases  (rf  the  Skla  and  the  Emptlve  Fevers.    By  Jay  F.  Schambexo. 

M.  D.,  Professor  of  Dermatology  and  the  Infectiotis  Eruptive  Diseases.  Pbiladd- 
phia  Polyclinic.     Octavo  of  534  pages,  illustrated.     Cloth,  {3.00  neL 

RECENTLY    ISSUED 

"The  acute  eruptire  lexers  constitute  a  valuable  contribntioD.  tbe  slatements  niadc 
emanating  from  one  who  has  sturlied  these  diseases  in  a  practical  and  thorough  roaaner  from 
the  standpoint  of  cutaneous  medicine.  .  .  .  The  riews  expressed  on  all  topics  uc  coa- 
servalive,  safe  (o  follow,  and  praclkal,  and  are  well  abreast  of  (he  knowledge  of  the  present 
time,  both  as  to  general  and  special  pathology,  etiology,  and  trcalmenl." — Ammeam  Jimrmal 
ef  Midical  ScitiuiJ. 
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DISEASES  OF  THE  SKIJV.  n 

Mracek  and  Stelwagon's 
Diseases  of  the  Skin 

Atlas  and  Epitome  of  Diseases  of  the  Skin.  By  Prof.  Dr.  Franz 
Mracek,  of  Vienna.  Edited,  with  additions,  by  Henry  W.  Stelwaqon, 
M.D.,  Professor  of  Dermatology  in  the  Jefferson  Medical  College, 
Philadelphia.  With  77  colored  plates,  50  half-tone  illustrations,  and 
280  pages  of  text     In  Saundtrs"  Hand-Alias  Series.  Clo.,^.oonet 

THE    NEW   (2d)   EDITION 

This  volume,  the  outcome  of  years  of  scientific  and  artistic  work,  contains, 
together  with  colored  plates  of  unusual  beauty,  numerous  illustratioiis  in  black, 
and  a  text  comprehending  the  entire  field  of  dermatology.  The  illustrations  are 
all  original  and  prepared  from  actual  cases  in  Mracek's  clinic,  and  the  execution 
of  the  plates  is  supeiior  to  that  of  any,  even  the  most  expensive,  dermatologic 
atlas  hitherto  published. 


>  our  minds  are; 

ng.  color,  uid  tte 

Mracek  and  Bangs' 
Syphilis  and  Venereal 

Atlas   and   Epitome  of    Syphilis    and  the   Venereal   Diseases. 

By  Prof.  Dr.  Franz  Mracek,  of  Vienna.  Edited,  with  additions,  by 
L.  Bolton  Bangs,  M.  D.,  late  Prof,  of  Genito-Urinary  Surgery,  Univer- 
sity and  Bellevue  Hospital  Medical  College,  New  York.  With  71 
colored  plates  and  122  pages  of  text.  Cloth,  13.50  net.  In  Sounders' 
Hand-Alias  Series. 

CONTAINING   71  COLORED  PLATES 

According  to  the  unanimous  opinion  of  numerous  authorities,  to  whom  the 
original  illustrations  of  this  book  were  presented,  they  surpass  in  beauty  anything 
of  the  kind  that  has  been  produced  in  this  field,  not  only  in  Germany,  but 
throughout  the  literature  of  the  world. 

Robert  L.  DkUnion,  M.D.. 

Art  Editor  if  "  Tkt  American  Tixi-Beot  of  Oiilttries." 
"  The  book  that  appeals  juslandy  (O  me  for  the  strikingly  successful,  valuable,  and  graphic 
character  of  i(s  illuslralions  is  the  '  Atlas  of  Syphilis  and  the  Venereal  Diseases.'     1  know  of 
Bothl^  <n  this  country  Ihal  can  compare  with  it." 

Dni.tizc-ctvCjOogle 


It  SAUNDERS'  BOOKS  ON 

Holland's  Medical 
Chemistry  and  Toxicology 

A  T«xt-Book  of  Medical  Chemistry  and  Toxladogy.     By   Jaios 

W.  Holland.  M.  D.,  Professor  of  Medical  Chetnistiy  and  Toxicoli^y, 
and  Dean,  Jefferson  Medical  College,  Philadelphia.  Octavo  of  655 
pages,  fully  illustrated.     Cloth,  $3.00  net 

THE  NEW  (Id)  EDITION 

Dr.  Holland's  work  is  an  entirely  new  one,  and  is  based  on  his  forty  yean' 
practical  experience  in  teaching  chemistry  and  medicine.  It  has  been  subjected  » 
a  thorough  revision,  and  enlat^ed  to  the  extent  of  some  sixty  pages.  The  additions 
to  be  specially  noted  are  those  relating  to  the  electronic  theory,  chemical  equilib- 
rium, Kjeldahl's  method  for  determining  nitrogen,  chemistry  of  foods  and  ibdr 
changes  in  the  body,  synthesis  of  proteins,  and  the  latest  improvements  in  urinary 
tests.     More  space  is  given  to  toxicology  than  in  any  other  text-book  on  chemistry. 


"  Im  statements  are  clear  and  tene :  its  illuslralions  well  chosen ;  Its  developmnil  fefk^ 
systematic,  and  compantiTely  easy  to  follow.  ,  .  .  We  heartily  commend  the  work." 

Grtinwald  an^  Newcomb's 
Mouth,  Pharynx,  and  Nose 

Atlas  and  Epitome  of  Diseases  of  tlie  Mouth,  Pliarynx,  and 
Note.  By  Dr.  L.  GrOnwald,  of  Munich.  From  the  Second  Revised 
and  Enlarged  German  Edition.  Edited,  with  additions,  by  James  E. 
Newcomb,  M.  D.,  Instructor  in  Laryngology,  Cornell  University  Medical 
School.  With  102  illustrations  on  42  colored  lithographic  plates.  41 
text-cuts,  and  2ig  pages  of  text.  Cloth,  ^3.00  net.  In  Saunderi 
Hand-Atlas  Series. 

INCLUDING  ANATOMY  AND  PHYSIOLOGY 

In  deigning  this  atlas  the  needs  of  both  student  and  practitioner  were  kept 
constantly  in  mind,  and  as  far  as  possible  t)-p'=al  cases  of  the  various  diseases 
were  selected.  The  illustrations  are  described  in  the  text  in  exactly  the  sune  w»y 
as  a  practised  examiner  would  demonstrate  the  objective  findings  to  his  class. 
The  illustrations  themselves  are  numerous  and  exceedingly  well  executed.  The 
editor  has  incorporated  his  own  valuable  experience,  and  has  also  indtided  exten- 
sive notes  on  the  use  of  the  active  principle  of  the  suprarenal  bodies. 
Ameilcui  Medldae 

"  lis  conciseness  without  sacrifice  of  clearaeis  and  Ibotoughness.  as  well  as  the  eiceUcBK 
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URINE  AND  IMPOTENCE. 

Ogden  on  the  Urine 


Clinical  Examlnatioaol  Urine  and  Urinary  Diagnosis.  A  Clinical 
Guide  for  the  Use  of  Practitioners  and  Students  of  Mcdidne  and  Sur- 
gery. By  J.  Bergen  Ogden,  M.  D.,  Late  Instructor  in  Chemistry, 
Harvard  University  Medical  School ;  Formerly  Assistant  in  Clinical 
Pathology,  Boston  City  Hospital.  Octavo,  418  pages,  54  illustrations, 
and  a  number  of  colored  plates.     Cloth,  ^3.00  net. 

SECOND   REVISED    EDITION 

In  this  edition  the  work  has  been  brought  absolutely  down  to  the  present  day. 
Important  changes  have  been  made  in  connection  with  the  determination  of  Urea, 
Uric  Acid,  and  Total  Nitrogen  ;  and  the  subjects  of  Cryoscopy  and  Beta-Oxy butyric 
Acid  have  tieen  given  a  place.  Special  attention  has  been  paid  to  di^nosis  by 
the  character  of  the  urine,  the  diagnosis  of  diseases  of  the  kidneys  and  urinary 
passages  ;  an  enumeration  of  the  prominent  clinical  symptoms  of  each  disease ; 
and  the  peculiarities  of  the  urine  in  certain  general  diseases. 

The  Lancet,  London 

"  We  consider  this  mwiual  to  have  been  well  compiled ;  and  the  aulhor's  own  eiperience, 
10  clearly  staled,  renden  the  roiume  a  useful  one  both  lor  study  and  reference." 

Vecki's  Sexual  Impotence 


The  Pathology  and  Treatment  of  Sexual  Impotence.  By  Victor 
G.  Vecki,  M.  D.  From  the  Second  Revised  and  Enlarged  German 
Edition.     i2mo  volume  of  329  pages.     Cloth,  f  2.00  net. 

THIRD  EDITION,  REVISED  AND  ENLARGED 

The  subject  of  impotence  has  but  seldom  been  treated  in  this  country  in  the 
truly  scientific  spirit  that  its  pre-eminent  importance  deserves,  and  Ihis  volume  will 
come  to  many  as  a  revelation  of  the  possibilities  of  therapeutics  in  this  important 
field.  The  reading  part  of  the  English-speaking  medical  profession  has  passed 
judgment  on  this  monograph.  The  whole  subject  of  sexual  impotence  and  its 
treatment  is  discussed  by  the  author  in  an  exhaustive  and  thoroughly  scientific 
manner.  In  this  edition  the  book  has  been  thoroughly  revised,  and  new  matter 
has  been  added,  especially  to  the  portion  dealing  with  treatment. 

Johiu  Hopldni  Hotpital  BulMm 

"'  A  scientific  treatise  upon  an  important  and  much  neglected  subject.  .  .  .  The  treatment 
of  impotence  in  general  and  of  sexual  neurasthenia  is  discriminating  and  juilknoui."        , 


U  SAUNDERS'    BOOKS  ON 

IVeils'  Chemical  P&tholo^ 

Chemical  Pathology.  Being  a  discussion  of  General  Path- 
ology from  the  Standpoint  of  the  Chemical  Processes  Involved. 
By  H.  Gideon  Wells,  Ph.  D.,  M.  D.,  Assistant  Professor  of 
Pathology  in  the  University  of  Chicago.  Octavo  of  549  pages. 
Cloth,  (13.25  net;  Half  Morocco,  (14.75  ^^ 

Dr.  Wells  here  concisely  presents  the  latest  woric   systematically  con- 
sidering the  subject  of  general  pathology  from  the  standpoint  of  the  chernical 
processes  involved.     Special  chapters  are  devoted  to  LHaieUt  and  to  IAtc- 
aeid  Atiiabolism  and  Gout. 
Wm.  H.  W«kh.  M.  D..  Pro/cs!or  0/  Falhology,  Johm  Hupiint  UnivmUy. 

"  The  work  fills  a  real  need  in  the  English  literature  of  >  vttj  importint  tobject.  and 
1  shall  be  glad  to  recommend  it  to  my  sludenn." 

Saxe's  Urinalysis 

Examlnatloa  of  the  Urine.  By  G.  A.  de  Santos  Saxe,  M.  D., 
Pathologist  to  Columbus  Hos[»tal,  New  York  Cit>'.  i2mo  of  391 
pages,  fully  illustrated.     Flexible  leather,  ^1.50  net. 

This  work  is  intended  as  an  aid  in  diagnosis,  by  interpreting  the  clinical 
ugnilicance  of  the  cheinic  and  microscopic  urinary  findings. 
rnacii  Carter  Wood,  M.  D..   Adjunel  Profiaor  a/  CIMcal  Potkelogy,  CtlumUa   (Mi- 

"  It  seems  to  me  to  be  one  of  the  best  of  the  smaller  works  on  this  subject ;  it  is. 

Indeed,  better  than  a  good  many  of  the  larger  ones." 

deSchweinitz  and  Randall  on  the  Eye,  Ear, 
Nose,  and  Throat 

American  Text-Book  of  Diseases  of  the  Eye,  Ear,  Nose,  and 
Throat.  Edited  by  G.  E.  de  Schweinitz,  M.  D.,  Professor  of 
Ophthalmology  in  the  University  of  Pennsylvania ;  and  B.  Alex- 
ander Randall,  M.D.,  Clinical  Professor  of  Diseases  of  the  Ear 
in  the  University  of  Pennsylvania.  Imperial  octavo,  1251  pages, 
with  766  illustrations,  59  of  them  in  colors.  Cloth,  $7.00  net; 
Half  Morocco,  I8.50  net 

Griinwald  and  Grayson  on  the  Larynx 

Atlas  and  Epitome  of  Diseases  of  the  Larynx.     By  Dr.  L. 

Grunwald,  of  Munich.  Edited,  with  additions,  by  Charles  P. 
Grayson.  M.  D.,  Clinical  Professor  of  Laryngology  and  Rhinology, 
University  of  Pennsylvania.  With  107  colored  figures  on  44 
plates,  25  text-cuts,  and  103  pages  of  text.  Cloth,  ^2,50  net. 
In  Saunders"  Hand-Atlas  Series. 
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CHEMISTRY,  SKIN,  AND  VENEREAL   DISEASES.  15 

American  Pocket  Dictionary  suh  EuutkHi— jiut  Ready 

The  American  Pocket  Medical  Dictionary.  Edited  by  W.  A. 
Newman  Dori^nd,  M.  D.,  Assistant  Obstetrician  to  the  Hospital 
of  the  University  of  Pennsylvania.  Containing  the  pronunciation 
and  definition  of  the  principal  words  used  in  medicine  and  kindred 
sciences.  Flexible  leather,  with  gold  edges,  ^i.oo  net ;  with  thumb 
index,  $1.25  net. 
jMMt  W.  Holkad.  M.  D.. 

H.Jtfirum  MttKcal  Colkgt. 
t  and  attractive  exterior,    I 

Stelwa^on's  Essentials  of  Skin  sajA  K««iM>d  cdstion 

Essentials  of  Diseases  of  the  Skin.  By  Henry  W.  Stel- 
WAGON,  M.  D.,  Ph.D.,  Professor  of  Dermatology  in  the  Jeffer- 
son Medical  College,  Philadelphia.  Post-octavo  of  276  pages, 
with  72  text-illustrations  and  8  plates.  Cloth,  ^1.00  net.  In 
Saunders'  Qucstion-Compend  Series. 


luB  the  high  stAndard  of  ei 

Wolff's  Medical  Chemistry  jwt  RwMiy— New  (ta)  h^&m 

Essentials  of  Medical  Chemistry,  Organic  and  Inorganic 
Containing  also  Questions  on  Medical  Physics,  Chemical  Physiol- 
<^^,  Analytical  Processes,  Urinalysis,  and  Toxicology.  By  Law- 
rence Wolff,  M.  D.,  Late  Demonstrator  of  Chemistry,  Jefferson 
Medical  College.  Revised  by  A.  Ferree  Wither,  Ph.  G.,  M.  D.. 
Formerly  Assistant  Demonstrator  of  Physiology,  University  of 
Pennsylvania.  Post-octavo  of  222  pages.  Cloth,  ^1.00  net.  In 
Sounders'  Question-Compend  Series. 

Martin's  Minor  Sm^ery,  Banda^n^  and  the  Venereal 

Diseases  S«coiid  Cdltlaii,  ReviMd 

Essentials  of  Minor  Surgery,  Bandaging,  and  Venereal 
Diseases,  By  Edward  Martin,  A.  M.,  M,  D.,  Professor  of  Clin- 
ical Surgery,  University  of  Pennsylvania,  etc.  Post-octavo,  166 
pages,  with  78  illustrations.  Cloth,  ^i.oo  net  In  Saunders' 
Question-Compend  Series. 
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i6  URINE,  EYE,  EAR,  NOSE,  AND    THROAT. 

Wolfs  Examination  of  Urine 

A  Laboratory  Handbook  of  Physiologic  Chemistry  and 
Urine- EXAMINATION.  By  Charles  G.  L.  Wolf,  M.D.,  Instructor  in 
Physiologic  Chemistry,  Cornell  University  Medical  College,  New 
York.  i2mo  volume  of  204pages,fullyillustrated.  Cloth,  Sl.25  net 
BritUi  M«£<:al  Joonua 

"  The  meibods  of  examining  the  urine  ate  very  luUjr  detcribed.  and  there  are  at  the 
sod  of  (he  book  some  extensive  tables  drawn  up  lo  asast  in  uriaary  diagooils." 

Jackson's  Essentials  of  Eye  -nM  ibrviMd  Bdwn 

Essentials  of  Refraction  and  of  Diseases  of  the  Eye.  By 
Edward  Jackson,  A.  M.,  M.  D.,  Emeritus  Professor  of  Diseases  of 
the  Eye,  Philadelphia  Polyclinic,  Post-octavo  of  261  pages,  82  illus- 
trations. Cloth,  ^I.OO  net.  In  Saunders'  Question -Compend  Series. 
Johm  HopUu  HMpital  Bnllettn 

"  The  entire  ground  is  covered,  and  the  points  that  most  need  careful  clvcidalion 
are  made  clear  and  easy." 

Gleason's  Nose  and  Throat  r<mA  tumo^.  R^^Md 

Essentials  of  Diseases  of  the  Nose  and  Throat.  By  E.  B. 
Gleason,  S.  B.,  M.  D.,  Clinical  Professor  of  Otology,  Medico- 
Chirurgical  College,  Philadelphia,  etc.  Post-octavo,  241  pages,  1 1 2 
illustrations.  Cloth,  $1.00  net.  /«  Saunders'  Question  Compends, 
TIm  LutMt,  London 

careful  description  which  is  given  of  the  various  procedures  would  be  suiEdenl 
'i  of  average  inlelligence  and  of  slight  anatomical  knowledge  to 

Gleason's  Diseases  of  the  Ear  Third  EasoD.  Ravbad 

Essentials  of  Diseases  of  the  Ear.  By  E.  B.  Gleason,  S.  B., 
M.  D.,  Clinical  Professor  of  Otology,  Medico-Chirurgical  College, 
Phila.,  etc.  Post-octavo  volume  of  214  pages,  with  114  illustra- 
tions. Cloth,  ^i.oo  net.  In  Saunders'  QuesHon-Compend  Series. 
BcWol  MMlico-CMrurtfcal  Jourasl 

■'  We  know  of  no  other  small  work  on  ear  diseases  to  compare  with  thu,  either  in 
freshness  of  style  or  completeness  of  informatioa," 

Wilcox  on  Genito-Urinary  and  Venereal  Diseases 

Essentials  of  Genito-Urinary  and  Venereal  Diseases.  By 
Starling  S.  Wilcox.  M.  D.,  Professor  of  Genito-Urinary  Diseases 
and  Syphilology,  Starling  Medical  College,  Columbus,  Ohio,  izmo 
of  313  pages,  illustrated.    Cloth,  $1.00  net.     Saunders'  Compends. 

Stevenson's  Photoscopy 

Photoscofy  (Skiascopy  or  Rctinoscopy).  By  Mark  D.  Stev- 
enson, M.  D.,  Ophthalmic  Surgeon  to  the  Akron  Oty  Hospital. 
i2mo  of  126  pages,  illustrated.  Cloth,  S1.25  net. 

Edward  Jackion,  M.  D.,  Univirsity  of  Colorado. 

"  II  is  vrcU  written  and  will  prove  a  valuable  help.  Your  treatment  of  the  emergent 
pencil  of  rays,  and  the  part  blling  on  the  emminet's  eye,  is  decidedly  belter  tban  any 
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